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SCALE UP OF HIGH EXPIOSIVE
5, 7-DINITRO-1~-PICRYLBENZOTRIAZOLE

by
John A. Sanchez

ABSTRACT

Improvements were made to the reaction that produces
5,7- dinitro-1l-picrylbenzotriazole (BTX). The reaction was
first improved on a ten-gram scale that increased the yield
nearly threefold. The reaction was then scaled up to a
fifty-gram scale in which all the improvements of the ten-
gram research proved beneficial. The improvement to the re-
action involved reducing reflux and heating time, substitu-
tion of isopropanol for ethanol and sodium bicarbonate for
sodium acetate, production of picryl chloride from picric
acid, introduction of water to aid in solubility and analy-
sis of BTX both chemically and for explosives sensitivity.
The cost of producing BTX after improving the reaction is
one-fifth of what it was before study. Thus the reaction
was taken from a cumbersome, time consuming process for mak-
ing BTX at a very poor yield to a reaction of reasonable
yield, which is economically efficient and less time con-
suming with more readily available starting materials. The
process is now ready for further work as the need for this

special purpose. explosive arises.

vii




Several chapters of this study are devoted to describ-
ing high-explosives research. The description includes ini-
tial preparation, sensitivity testing, scale up, sensitivity

and performance properties and plant design specifications.
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CHAPTER 1

INTRODUCTION

An explosive is a solid, gas, or liquid substance that
can be made to release tremendous heat and pressure through
a rapid, self-sustaining exothermic decomposition. Although
explosive processes can be classified as mechanical, nucle-
ar, or chemical, chemical explosives are by far the best
known, most widely used and will be the class discussed
throughout this work.

Explosives are commonly divided into two main groups:
(1) low or deflagrating explosives that function through
burning processes characterized by rather slow, progressive
reaction rates and pressure buildups that create a heaving
action and (2) detonating explosives that are distinguished
by rapid chemical reactions, causing very high pressures and
brisance (shattering action) and extremely rapid rates of
reaction, often characterized by detonation waves that fre-
quently obtain a velocity in excess of 6100 m/s.

Low explosives are characterized by release of their
energy through rapid burning, which can generally be con-
trolled. Black powder was an early example of this type of
explosive. Later additions to this type of explosive type
were smokeless powders, which are used as propellants for

both military and sporting arms. Many more have been added



since the introduction of modern rocket technology with its
ever increasing need for specialized propellants.

High or detonating explosives can be further divided
into primary (initiating) and secondary (noninitiating) ex-
plosives. 1Initiating or primary explosives can be detonated
readily by heat, impact, or friction. They are generally
used for the manufacture of initiating devices such as
blasting caps, electric caps, percussion caps, and delay
initiating devices. 1Included in the list of initiating or
primary explosives are mercury fulminate, silver fulminate,
and fulminate-chlorate mixtures, lead azide, silver azide
diazodinitrophenol, and lead styphnate.

Secondary explosives include a number of organic or
inorganic compounds that have been combined to produce de-
sired properties of sensitivity, brisance, detonation veloc-
ity and stability. Common examples of this type of explo-
sive are PETN, RDX, HMX, TNT, Tetryl, Composition B, and
TATB. Secondary explosives are the type of explosive that
will be discussed in this paper.

The safety standards which are used when working with
high explosives have evolved through experience and communi-
cation in the field. Much activity in the high explosives
field usually results during armed conflict. During and af-
ter the last world war many advances were made, in particu-
lar in the high explosives used in nuclear weapons. As a
result a much more careful set of standards for working with

high explosives has been generated. Working groups of




highly knowledgeable and experienced people review periodi-

cally all aspects of high explosives work from the very ear-
ly research, to the transportation, to final disposal. One

such working group is sited as a reference in the study.

This study has two major parts, the first of which is
devoted to describing high explosives work in general and
the second part which includes the experimental work per-
formed in scaling up 5,7-dinitro-l-picrylbenzotriazole (BTX).

The familiarization with the high explosives research
laboratory operations, safety and equipment requirements are
described in Chapter 2. 1Included are the layout of the lab-
oratory and the protective clothing needed by the research-
ers. The activities involved with the initial preparation
of high explosives in the laboratory are presented in Chap-
ter 3. A detailed test sequence which must be followed in
order to ensure a safe and informative investigation of the
high explosives sensitivity properties is also described.

In the course of studying an explosive, the need
arises to produce larger quantities of explosive, which are
required for gathering performance data as well as learning
more about sensitivity. Chapter 4 contains the necessary
procedures involved in scaling up to larger quantity batch-
es. A description of the sensitivity tests which are neces-
sary to scale up to larger research quantities is included.

In Chapter 5 the differences between plant design and
manufacture of an explosive and a non-explosive are examin-
ed. Some of the special equipment specifications are des-

cribed.




Performance properties like detonation velocity and
pressure are important in any high explosive. The matching
up of these properties with needed application for the high
explosive is vital particularly in nuclear weapons applica-
tions, Chapter 5 describes these properties and includes a
tahle of these parameters for some common explosives.

The scale up of BTX is important because of its sta-
bility at high temperatures and its moderate sensitivity.
These properties make it useful in certain nuclear weapons
applications. 1In order to learn more about these properties
and performance properties more material is needed. The BTX
production reaction, prior to this study, was a cumbersome,
time consuming process resulting in very poor yield. As a
consequence of this study, the time has been greatly reduced,
the vield is much more reasonable and the reaction is econom-
ically efficient by use of more readily available starting
materials. The experimental work on scale up of BTX, which
is of major importance in this study, is presented in Chapter
7. The process scale up from three-gram to fifty-gram quan-
tities while making improvements to the reaction that in-
creased yield and reduced the total time of the reaction is
also included in Chapter 7.

In Chapter 8 the economic advantages of the scaled up
reaction are presented. A table of common explosives and
their costs are listed as well as costs of BTX before and
after scale up. Results and a discussion of the experimen-

tal work follow in Chapter 9.




CHAPTER 2

INTRODUCTION TO OPERATIONS IN A
HIGH EXPLOSIVES LABORATORY

The ability to produce, evaluate and handle explosives
requires specialized facilities, specific material handling
procedures and a rigid, carefully constructed set of safety
rules. These procedures, while cumbersome at times, are an
absolute necessity and are outlined in this chapter. To
characterize an explosive, the sensitivity of that explosive
must be determined. Most of the sensitivity testing is done
as early as possible in the development process in order to
ensure safe operations and viability of scale up to a larger
bench scale. This testing continues throughout the research
and development of the explosive and on into production.

Laboratory Requirements

Operations involving high explosives (HE) in the labo-
ratory are governed by certain general safety rules and pro-
cedures; additional rules for specific operations will be
discussed later. 1In the latter case, special exception to
the general safety rules must be stated clearly.

Much of the research and development is carried out in
glassware in a chemical laboratory environment. Some of the
special added equipment that is necessary for safety in an
explosive research area are heat-sensitive automatic sprin-

kler systems, emergency showers and conductive concrete



floors. The walls are made of 30.5-cm thick reinforced con-
crete. Standard forced-draft hoods modified with sliding
shields of 25.4-mm-thick bulletproof glass, stainless-steel-
topped work tables, and laboratory sinks and floor drains
are necessary in these lahoratories. The floor drains and
sink drains run into a sump outside the building for the
collection of waste solids, particularly explosives. A cab-
inet warmed by steam pipes is located below the forced-draft
hood. An explosion-proof refrigerator is also a necessary
part of the explosives laboratory.

The utilities services that are provided for this type
of laboratory are explosion-proof (EP) 120-volt single-phase
and 208 volt EP three-phase electrical outlets; 15-psig
steam; 55-psig compressed air; hot, cold, and distilled wa-
ter; and natural gas outlets. Vacuum outlets are connected
to a Whittington water-type vacuum pump housed outside the
laboratory. Heat and ventilation are provided by a forced-
air system controlled by individual room thermostats (LASL
SOP 1961).

The use of open flames needs to be closely monitored.
Generally, no open flames or smoking are to be permitted by
anyone while exposed explosives, flammable solvents, or
other conditions exist that would make these activities haz-
ardous. "DANGER - NO SMOKING" signs must be posted in con-
spicuous places. It is the responsibility of the individual
worker in his laboratory to determine when a hazard exists

and take appropriate actions.




In working with explosives, the problem of accumula-
tion of explosive materials in a confined space is always a
concern. In a research laboratory, the same problem ex-
ists. A limit should be set on the amount of explosive de-
pending on the nature of the. explosives being handled. Dur-
ing the processing of explosives, only the minimum practical
amount should be present in the laboratory. Excess over
this amount should be stored elsewhere. During nonworking
hours, only explosives "in process" and research samples
should be left in the laboratory. 1In these cases a red
"DANGER - EXPLOSIVES" sign must be displayed at the entrance
to the laboratory.

A very important and hazardous operation is the drying
of experimental explosives, particularly when elevated tem-
peratures are required. This operation should always be
done under the mildest conditions that will accomplish the
drying. Circulating dry, warm air over a thinly spread
layer of.sample is probably the best way to dry most organic
samples. A recommended procedure for drying all but the
most hygroscopic materials is to dry the sample on the
Buchner funnel on which it has been separated. A small
stream of air pulled through the funnel supplies the re-
quired air circulation to dry the sample. Vacuum drying is
a useful way of reducing the time and temperature required
for drying small samples. Larger samples are usually dried

more efficiently in forced-draft ovens.



Research samples (1 gram or less) may be dried in des-
iccators, vacuum ovens equipped with dual thermostatic con-
trols, or in the steam-heated cabinet under the hoods in the
laboratory (LASL SOP 1961). Only one sample at a time
should be dried in a desiccator; several separate samples
may be dried in an oven at one time. It is safer to remove
the samples from an oven after the oven has been allowed to
cool to room temperature, and this practice should be fol-
lowed whenever practical (LASL SOP 1961).

Laboratory Operations

In general, the same basic safety practices hold true
in an explosives chemical laboratory as in any chemical lab-
oratory. Careful planning of experiments and of the action
to be taken in a possible emergency will do much toward min-
imizing the consequences of unexpected hazards.

The general laboratory rules regarding cleanliness,
orderliness, storage identification, movement of material,
and equipment are necessary in any successful laboratory.
The restriction on unattended or overnight experiments is of
particular importance.

Some of the special rules regarding operation in-
volving high explosives are worth noting in detail (LASL SOP
1961).

1. All operations involving explosives should be done

on as small a scale as possible, consistent with
good technique, while keeping in mind the intent

of the experiment.




Whenever possible, these experiments should be
carried out behind protective shields or barri-
cades.

Whenever an experiment conducted behind a shield
requires elevated temperatures, the heating device
should be so mounted that it can be quickly low-
ered remotely from the reaction vessel without ex-
posure to the operator. Temperature control of
the bath should also be from the operator's side
of the shield.

Dry materials should be stored and handled in
plastic or rubber containers. The use of metal
containers is forbidden, and glass may be used on-
ly when required by the nature of the material or
the requirements of the experiment.

Disposal of explosives through a drain, while not
forbidden, should be avoided as a matter of prin-
ciple. Special care should be exercised to pre-
vent entrance of compounds into the drain that may
react with iron or rust to form sensitive salts
(e.g., picrates and picric acid).

Grasp the container near the top while working
with small quantities of explosives; even a sepa-
ration of 20-50 mm between hand and the explosive
can drastically reduce the damage that might re-
sult from unexpected detonation of a sample. Note

that even a single layer of cloth, such as would
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be provided by a laboratory coat or cotton work
gloves, can significantly retard glass or plastic
fragments from the explosion of a small quantity
of explosive.

7. Any experiment involving a predictably high proba-
bility of an unwanted explosion or detonation of
the sample should be discussed extensively with
experienced explosives personnel and the appro-
priate safety personnel.

8. Only taped, coated, or plastic desiccators are to
be used for explosives.

9. Many nitro compounds represent a significant
health hazard. 1In working with new or experimen-
tal materials, care should be exercised at all
times to avoid inhaling or ingesting the material,
or allowing it to come in contact with the skin.

The above-numbered rules are important in laboratory opera-
tions involving high explosives.

Protective Clothing During Laboratory Operations

A variety of industrial safety equipment and clothing,
such as safety glasses, face shields, conductive-sole safety
shoes, gas masks, respirators, gloves, and aprons are avail-
able for use in a chemical research laboratory. The wearing
of sQecial protective equipment or clothing is required in
many of the operations involving high explosives.

The minimum requirements for high-explosive operations

carried out in a laboratory are listed below.




Safety glasses must be worn at all times by per-
sonnel.

Safety glasses must be worn by anyone entering the
laboratory while an operation involving explosives
is in progress.

Conductive-sole safety shoes must be worn by any-
one working with explosives, flammable solvents or
gases. Other safety equipment‘and special cloth-
ing should be considered depending on the explo-

sive involved and the operation in progress.

11
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CHAPTER 3

PREPARATION AND INITIAL TESTING OF NEW EXPLOSIVES

The purpose of this chapter is to define the general
sequence of steps to be followed in the preparation and ini-
tial testing of new explosives. The term "new explosive" as
used is to be interpreted to include any explosive whose
sensitivity and thermal stability has not been measured and
cannot be predicted with confidence on the basis of past
work, and it further includes explosive or potentially ex-
plosive mixtures in addition to individual organic or inor-
ganic compounds.

To attempt to specify the apparatus or procedure to be
used in the preparation of a new explosive would not be
wise. However, to control permissible quantities, define
test procedures and to specify protective measures is pru-
dent. The flame test and the preliminary impact test are
designed to give an early indication of the hazards associ-
ated with the material.

Initial Preparation

The initial preparation must be scaled to give a theo-
retical yield of no more than 500 mg (LASL SOP 1961). 1If
insufficient material is obtained for the completion of the
flame test and the preliminary impact test, the preparation

can be scaled up to a theoretical yield of 1 gram.




Flame Test

In this test the behavior of the explosive material is
observed when a few crystals or a droplet of solvent-wetted
explosive are heated on a spatula with a microflame. The
test may be made on a sample still moist with solvent if due
allowances in behavior are made for its presence. Vigorous,
sustained burning until all the material is consumed is to
be expected for a reasonably energetic explosive. Materials
that appear to explode during the test, particularly without
melting or burning, are to be regarded as fairly sensitive.
Larger quantities of these material may be isolated only
with extreme caution and the use of safety shields and pro-
tective clothing.

Preliminary Impact Test

A few milligrams of the material are placed on the
clean surface of a steel plate or anvil. Residual solvent,
if any, is allowed to evaporate, or is removed by a piece of
filter paper in the case of a solid. The sample is struck
by a sharp blow with a hammer. An audible reaction suggests
that the material must be handled with great care, behind a
safety shield if possible: Shock sensitivity may be gquite
high. 1In the absence of an audible reaction, the residue is
examined for charring or other evidence of reaction. A sec-
ond sharp blow on the consolidated residue of a solid sample
will often result in a positive reaction.

The behavior of the highly shock-sensitive material

discussed above indicates an explosive material in the

13



14

initiating explosive class, while an insensitive, inaudible
result is fairly typical of explosives in the booster class.

The two tests described above are run by the origina-
tor of the sample, and the results must be considered before
any further work is done on the material or before the mate-
rial is turned over to someone else (LASL SOP 1961). A sam-
ple may be submitted for elemental analysis, if the material
does nothing more than burn vigorously in the first test and
no audible reaction occurs in the second. Othérwise, dif-
ferential thermal analysis must be obtained.

It is recommended that the flame test and the preli-
minary impact test be repeated whenever a subsequent opera-
tion (such as recrystallization) has significantly altered
the purity or nature of the product (LASL SOP 1961).

Other properties, such as melting point, IR spectrum,
refractive index, and behavior in appropriate chemical tests
also may he determined at this stage by the originator of
the sample.

Elemental Analysis

Routine micro-elemental analyses on new explosive com-
pounds are generally done very early in their development
when sensitivity and stability data are still preliminary.
If the analysis involves transferring the sample to another
person, all information learned about the compound from the

preliminary tests and any special instructions regarding




handling and storage must be attached. The quantity of the
sample should not he more than 50 mg.

Preliminary Spark-Sensitivity Test

After the compound has been purified and a correct
elemental analysis has been obtained, a 100-mg sample is
submitted for a preliminary spark-sensitivity test. This
test will determine whether or not the material is danger-
ously sensitive to electrostatic discharges.

Differential Thermal Analysis (DTA)

This test determines certain thermal properties of ma-
terials. The test uses a small quantity of material (20 mg)
which is heated at a rate of 20°C/minute. Any spikes in
the exotherm of the material are noted on the chart. A very
sensitive high explosive will explode before the sample
reaches the 250°C temperature to which the samples are
heated. Depending on the sample submitted, it can be heated
from room temperature to 500°C. The sensitivity to
heating is an important parameter for scaling up to large
size batches. A DTA curve for BTX is shown in Figure 1.
Phase changes can be seen on the chart as well as
decomposition and violent reaction of the explosives.

Observance of the permissible quantities of explosive
produced and serious observation of the preliminary safety

characterization results will ensure a safe investigation of

15




Figure 1. Differential Thermal Analysis
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a new explosive. An early indication of the hazards associ-
ated with the material are necessary if one wishes to scale

up to larger quantity production.
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CHAPTER 4

SCALE UP

Scale up of the reaction to produce larger quantities
of the explosive product is done in stages as experience
with the material increases. Sensitivity is the primary
concern as well as overall safety in each additional scale
up. When the scale up goes beyond 10 grams of material pro-
duced, written authorization must be obtained from experi-
enced, knowledgeable explosives and safety personnel.

First Scale Up

The material may be scaled up to three grams or less
for additional study after it has gone through the tests
described above. Special attention must be given to materi-
als that show sensitivity to the flame test, preliminary im-
pact test, or preliminary spark sensitivity test when scal-
ing to the larger gquantity. Any question about sensitivity
of the material must be considered before proceeding with
the scale up to three grams. Once enough material has been
prepared from the scale up, it should be submitted for com-
plete impact and spark sensitivity tests.

Drop-weight Impact Test

A. Apparatus
From a safety point of view, the sensitivity of an

explosive is probably the most important property




to determine. This property, however, is the most
difficult t6 establish.

The Type 12 drop-weight impact test, is the most
commonly used test to evaluate the sensitivity of
a new explosive at some stage early in its devel-
opment. The ERL machine, named for the Explosives
Research Laboratory of the National Defense Re-
search Committee, is shown schematically in Fig-
ures 2 and 3. The apparatus consists of a free-
falling weight, tooling to hold the explosive sam-
Ple, and a supporting frame. The 2.5 kg weight is
made of hardened steél, and can be positioned at
any desired height above the test sample to a max-
imum of 320 cm. An electromagnet retains the drop
weight until released by the operator; it then im-
pacts against the "striker" pin, which transmits
the shock to the test sample. The explosive sam-
ple rests without restraint on a 25-mm-square
piece of 5/0 grade flint sandpaper. The sandpaper
in turn rests without restraint on an anvil 31-mm
diameter by 31-mm long.

Instrumentation

A microphone records the audible sound; it is
placed 0.864 m in a horizontal plane from the
strike point. The signal from the microphone is
transferred to a noisemeter that assigns a number

between 0 and 10.
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C. Results

Using 40-mg samples, the impact test is done at
different heights based on the readings obtained
from the noisemeter. A twenty-five drop set is
done and the fifty per cent point for a go/no go
determines the height in centimeters for sensiti-
vity. A list of common explosives and their im-
pact sensitivities is given in Table 1 (Sensitive-
ness 1966).

Spark-Sensitivity Test

The test used to obtain a more complete measure of the
sensitivity of an explosive to electrostatic discharges is
the spark-sensitivity test. 1In general, the test subjects
an explosive sample to a single discharge from a condenser
that has been charged to a high voltage. The energy of the
discharge is varied, and the energy producing initiation of
a sample in 50% of the trials is estimated by an up-and-down
procedure. The sample size required to obtain a measure of
electrostatic sensitivity is one gram. Table 2 shows the
spark sensitivity value in joules of some common explosives.

Further Scale Up

A reaction to make an explosive may be scalea up to
yield 10 grams of material if it has met the following con-
ditions (LASL SOP 1961):

1. Fifty per cent points greater than 20 centimeters

on Type 12 impact machine.




TABLE 1. IMPACT SENSITIVITY OF COMMON EXPLOSIVES

50% Points of Representative Explosives*

Lead Azide 9 cm
PETN 11 cm
RDX 23 cm
HMX | 27 cm
Tetryl 47 cm
TNT 160 cm
DATB 320 cm
*50% Point Interpretation
20 cm Very sensitive, extreme caution indicated.
20-40 cm Sensitive.
40-80 cm Moderately sensitive, but probably safe for

small-scale operations not involving harsh

treatment.
80-100 cm Moderately insensitive.
160-320 cm Insensitive.

320 cm Very insensitive.



TABLE 2. SPARK SENSITIVITY VALUES

Sample Joules
PETN 0.19
RDX 0.21
HMX 0.23
TNT 0.46
Tetryl 0.54

The energy that can be built up on a human as static
charge is about 0.015 joules.

2. Ignition energy greater than 0.1 joules in the

spark sensitivity test.

3. Exhibits no exotherm below 100°C in the DTa-

Pyrolysis Test.

4., Did not explode in the flame test.

This scale up will provide the necessary material to
fully evaluate the sensitivity of the explosive material and
the general nature of the chemical reaction. Some of the
performance properties of the explosive can also be evalu-
ated. These performance properties along with the sensitiv-
ity and safety of the production reaction will dictate
whether additional development work is warranted. If fur-
ther work is to be done, it must be outlined in advance and
considered carefully. Authorization to scale up to larger
quantity production must be obtained in writing after a de-
tailed description of the proposed scale-up study has been

presented.



CHAPTER 5

PLANT DESIGN AND MANUFACTURE

Safety aspects of design, construction and operation
of a high-explosives plant are a prime consideration in any
facility. Basically, HE plants are designed with many of
the same components of other manufacturing plants. Unit op-
erations take place in nearly the same fashion.

The actual physical layout of an HE plant is governed
by AMCR-385-100 of the Ordnance Safety Manual. The compen-
dium of data lists safe distance requirements for different
work areas by the type of activity going on there. Also
discussed are the basic construction requirements in regard
to electrical wiring, light protection, utilities construc-
tion, fire protection, and several other aspects of physical
layout and construction specifications. Another aspect dis-
cussed in this manual is the safe transportation and storage
of HE, which relates directly to any HE manufacturing faci-
lity.

As mentioned, this AMCR (Army Material Command Regula-
tion) generally governs the above-mentioned topics. How-
ever, the operators of most facilities have established
their own set of regqulations for their particular plant. It
is rare to find these plant regulations less stringent than

the AMCR regulations.
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The operations of these HE facilities in terms of syn-
thesis, mixing, preparation and packaging are governed by
the historical handling of like materials and the direct ex-
perience with the material in the laboratory, scale-up
states, and pilot-plant studies of the particular HE molding
powder being made. A direct example of this is the produc-
tion of an insensitive explosive triaminotrinitrobenzene
(TATB) and the production of a much more sensitive explosive
like cyclotetramethylenetetranitramine (HMX). The former,
being less sensitive, allows more relaxed production proce-
dures in, for instance, the filtering and drying stages than
the HMX-based explosive.

Training and protection of employees in this type of
production activity is especially important. The degree of
protection is based on the material being worked, but gener-
ally follows Occupational Health and Safety Administration
(OSHA) Rules. Training of an employee to work with explo-
sives, on the other hand, is usually handed down from more
experienced workers while making certain the safety rules
are thoroughly understood. The mystique of working with HE
must be addressed and overcome through experience and knowl-
edge. .

Equipment/plant design is based primarily on the mate-
rial being produced. Some basic guidelines are common to
most, if not all, HE production operations. Many of these

requirements entail smooth surfaces, specifically shaped



welds, absence of cracks and crevices in equipmert, no ex-
posed threads, known gasket material, use of noncorrosive
stainless steel, use of specifically designed plug valves
free of any metal-to-metal pinch points, use of gravity feed
where possible, and centrifugal pumps specially designed
where gravity feed is not possible. These guidelines are
presented in full detail in Appendix A. Other guidelines,
based upon the operation in progress, are too numerous to

list here.
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CHAPTER 6

PERFORMANCE

Detonation Velocity

Detonation velocity is an important performance para-
meter in explosive characterization. The velocity with
which a steady detonation travels through an explosive is
measured by using a cylinder of explosive called a rate
stick. The stick is detonated at one end and the progress
of the detonation is measured at discrete points along the
stick length. (Gibbs 1981). Typical detonation velocities
of common explosives are listed in Table 3.

Detonation Pressure

The detonation pressure is important in any design in-
volving explosives, because it drives inert materials and
initiates other explosives. Although detonation pressure
has been measured directly, the most commonly used values
are from experiments in which they have been inferred from
measured effects in other materials (Gibbs 198l1). Table 4
lists the detonation pressures of common explosives on the
inert materials used to make the measurements,

Other performance tests are done on the HE depending
on the application. The most extensive testing is done on
HE used for nuclear weapons. These tests will not be dis-
cussed here, but the reference (Gibbs 1981) contains com-

plete descriptions.



TABLE 3. DETONATION VELOCITY OF SELECTED HEs

Density
Explosive g/cm3
Nitromethane 1.128
Liquid
Amatex 20 1.613
20/20/40 RDX/TNT/AN
Baratol 76 2.619
24/76 'I‘NT/Ba(NO3)2
Composition A 1.687
92/8 RDX/Wax
Composition B 1.700
3f/63/1 TNT/RDX/Wax
Cyclotol 1.740
77/23 RDX/TNT
DESTEX 1.696
75/19/5/1 TNT/AL/Wax/-
Carbon Black
OCTOL 1.814
77/23 HMX/TNT
PBX 9404 1.846
94/3/3 HMX/NC/CEF
PBX 9501 1.832
95/2.5/1.25/1.25
HMX/Estane/BDNPA/BDNPF
X-0219 1.915
90/10 TATB/Kel-F 800
X-0290 1.895
95/5 TATB/Kel-F 800
XTX-8003 1.530

80/20 PETN/Silicone
Rubber

Detonation Velocity

(mm/us)

6.213

7.030

4.874

8.274

7.859

8.210

6.816

8.481

8.773

8.802

7.627

7.706

7.264
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TARLE 4, DETONATION PRESSURE OF SELECTED HE

Plate
Explosive* Material
Composition B Dural
Composition B Brass
Cyclotol Dural
Cyclotol Plexiglas
Octol Dural
PRX 0404 Dural
RDX Dural
TNT Dural

Density

cm
1.713

1.714

1.742

1.809

1.827

1.768

1.635

Detonation
Pressure
Gpa

29.35

28.54

31.24

12.36

33.84

35.27

33.16

17.89-19.35

*Composition of explosives found in Table 3 Detonation of

Velocity of Selected HEs.



These sensitivity tests characterize the HE suffi-

ciently to indicate its usefulness and safety.
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CHAPTER 7

EXPERIMENTAL WORK ON BTX

The Reaction

Because 5-7-dinitro-l-picrylbenzotriazole (BTX) is
stable at high temperatures, great interest has been ex-
pressed in its development. The reaction is a two-step
process in which the intermediate l-picrylbenzotriazole is
made from picryl cloride and benzotriazole. The intermedi-
ate is then nitrated in a mixed acid medium to produce BTX.

The reaction below outlines the reaction to be studied:

- NO, BK
| - N
N
NH PRCL \ HNO, \ >

\N/ NaOAC I\// H SO

0N

A parametric study of time/reactants/temperature would be
needed to scale this reaction to larger quantity produc-
tion. The 10 gram maximum production scale (Figure 4, Prep-
aration Description of BTX 10-Gram Scale) will be used as a
starting point. A parametric study will be done at this
scale. Once the reaction is fairly well characterized, a

larger scale preparation will be made to apply optimization




FIGURE 4

DESCRIPTION FOR PREPARATION OF BTX 10-GRAM SCALE

Benzotriazole (4.56 grams, 0.04 mole), picryl chloride
(8.9 grams, 0.04 mole), sodium acetate (3.2 grams, 0.04 mole),
and absolute ethanol (200 ml) are heated under reflux for five
hours. The mixture is cooled in an ice bath to 10°C, then
s0lid product is collected by filtration, washed repeatedly
with water, and air dried to yield 5-8 grams of the intermedi-
ate l-picrylbenzotriazole, mp 212°C.

Fuming nitric acid (90% HNO3) (60 ml) is added to con-
centrated sulfuric acid (40 ml) with ice cooling. 1-Picryl-
benzotriazole (5 grams) is added to the mixed acids at
5-10°C, and the resulting mixture is heated under reflux for
2 hours. The solution is cooled to room temperature and poured
over ice (0.5 kg). The solid is collected by filtretion,
wvashed repeatedly with water, air dried, and recrystallized
from acetone-ethanol. The yield is 4-7 grams of pure BTX,

mp 263°C.
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results of the 10-gram scale and to examine their effective-
ness. The 10-gram scale reaction will be used for study be-
cause it is the largest scale explosive reaction that can be
made without written authorization. This authorization can
be obtained by writing an Abbreviated Experimental Standard
Operating Procedure (AESOP), which must be approved by
knowledgeable safety personnel. This AESOP will be written
in the course of the study.

Small-Scale Study

BTX was prepared on a small scale as the starting
point for study of the production reaction; the reaction was
based on 0.04 mole quantities. The first preparation was
done by a procedure outlined in the original synthesis by
M. D. Coburn, Los Alamos Scientific Laboratory (1971). The
product was tested according to the sensitivity tests out-
lined above. The flame test and preliminary impact test in-
dicated an explosive of moderate sensitivity. The drop-
weight impact sensitivity test gave a value of 50.2 cm on
Type 12 tools (See Figure 5). This agreed well with previ-
ously tested samples of BTX. Two features of the reaction
were immediately noted: The reflux times were excessive ard
a second crop of BTX crystals precipitated from the superna-
tant of the first white crop. The second crop of BTX crys-
tals, while small in quantity (less than 10%), had a dis-
tinctive pink color. The melting point of pink BTX was re-

corded at 262°C, while white BTX melts at 263°C.




FIGURE 5

BTX-1 DROP-WEIGHT IMPACT SENSITIVITY

Sensitivity
50% Height g
SAMPLE log units cm log units
Type 12
BTX-1 1.7010 50.2 0.049
Tvpe 12B
BTX-1 1.5593 36.2 0.089
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Reflux Times

While waiting on approval to produce BTX on a 50-gram
scale (WX-2 AESOP-170 Figure 6), a study of the reflux time
was made on the 10-gram scale. The reflux time for the pro-
duction of the intermediate (see preparation description,
Figure 4) was reduced to one hour from the prescribed five
hours. The resulting intermediate was produced in reason-
able quantity to indicate the reaction to be essentially
complete. The melting point was recorded at 212°c. This
agreed exactly with the melting point of the intermediate
l-picrylbenzotriazole measured previously.

The reflux time of the reaction of l-picrylbenzotri-
azole and the mixed acids (See Figure 4) was also adjusted.
In the original preparation, a two-hour reflux was recom-
mended. The reaction appeared to be complete at 48 minutes
as evidenced by the NMR analysis. The rest of the prepara-
tion including the recrystallization was done according to
the original procedure. This BTX did not differ from BTX
produced earlier; however, the weight produced was somewhat
less. Melting point and sensitivity were the same. Table 5
lists the three runs done on the 10-gram scale. Elemental
analysis and NMR were done on this product to verify it and
can be found in Appendix C.

After doing some parametric studies of the BTX reac-
tion, and a limited economic study, it can be seen that the
production of picryl chloride (the starting material in

Figure 4) from picric acid would be cost-effective and




FIGURE 6.

Wi-2 AESOP-170
Page 1
July 15, 1881

5,7-DINITRO~1-PICRYLBEN20TRIAZOLE (BTX)

I. PURPOSE OF EYPERIMENT

The procedure for the preparation of BTX, a thermally
stezble explosive, is being studied for the purpose of scaling
up to larger quantities. The time ané temperature parzmeters
for the preparation will be looked at specificzlly for the
scaling study.

11, OPERATING PROCEDURE

Benzotriazole (23.0 g., 0.2 moles), pieryl chloride
(42.69 ¢, 0.2 moles), sodiun acetate (16.4 g, 0.2 moles), and
z2bsolute ethanol (0.5 to 1.0 liter) are heated under reflux for
1l to S hours. The mixture is cooled in an ice bath to 10°C -
250C. The solid product is then collected by filtration,
washed repeatelly with water, and air dried to yield 40-44 g of
the intermediate l-picrylbenzotriazole, m.p. 212°C.

Funing nitric acid (90% BENO3) (200 ml) is adGed to con-
centrated sulfuric acid (300 ml) with ice cooling. 1l-Picryl-
benzotriazole (40 ¢g) is added to the mixed acids at 5-10°¢,
and the resulting mixture is heated under reflux for 0.75 to 2
hours. The sclution is cooled to room temperature and poured
over ice (2-3 kg). The solid is collected by filtration,
vashed repeatedly with water, air dried, and recrystallized
from acetone-ethaznol. The yield is 35-38 g of pure BTX, m.p.
263°¢c.

I13. SERSITIVITY OF BTX

A) Impact

Type 12 - 35 cm
Type 12B -~ 23 cm

B. Spark
0.48 joules, 3-mil ¥Foil.
Iv. REACTIONS

B /PK “PK
X K NO w/
j& zKCL \N HNO3 I \
W NaCAc 4/ H,50, o | /7
! h 5 \\1//’\‘N
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FIGURE 6. (Continued)

V. SAFETY REQUIREMENTS

The reaction will be atten
menmber in order to ensure safe
stucied.

APPROVED:

:ga ’Zl ‘EEZMIM —
WX-¢

WX-2 RESOP-170
Page 2
July 15, 1981

ded a2t e2ll times by a WX-2 staff
ty of zll parameters being

U //}, At 2 Beerd

// WX-DO

7R "'H T

7-20-5/ 43 (G0 Leiar” 26 /95
Date Date 6\1 { Dete 4
Distribution:

E. L. Flaugh, wWX-2

T. E. Larson, WX-2

R. W. Drake, WX-DO, MS 846
L. A. Blackwell, E-3, MS 403
K. Y. Lee, WX-2

H. E. Cady, WX-2

M. J. Urizar

J. A. Sanchez

WX-2 File




TABLE 5. YIELD AND REFLUX TIMES STUDIES OF 10-GRAM REACTION

Yield (Grams)

1-Picrylbenzo

Reaction No. Reflux Times triazole BTX

1 5 h Intermediate 5.93 4,57
2 h BTX/Mixed

Acids

2 1 h Intermediate 5.57 4.20
48 min BTX/Mixed

Acids

3 1 h Intermediate 5.63 4,31
48 min BTX/Mixed

Acids
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eliminate the need to obtain a source for picryl chloride.

This improvement will be incorporated into the study of this

reaction.

Also, the substitution of isoproponal for ethanol

will be examined.

Scale-Up Improvements

Improvements to make the BTX reaction easier to handle

and more cost efficient are listed below.

1.
2.

3.

Substitution of isopropanol for ethanol.

Reduction of the reflux times.

Substitution of sodium bicarbonate for sodium ace-
tate.

Introduction of a small amount of water in inter-
mediate production.

Preparation of picryl chloride from picric acid.
Maintainance of heating during nitration below re-
flux temperature.

Analysis of the second crop of BTX crystals that

precipitate with their characteristic pink color.

These improvements will be tried on a 10-gram scale

until a satifactory product is produced. Taking these im-

provements one at a time the benefit derived will be dis-

cussed.

1.

The substitution of isopropanol for ethanol will
alleviate the licensing regulations necessary with
the use of 100% ethanol, of particular concern

during manufacture.



Reduction of the reflux times will make the reac-
tion more efficient while minimizing the decompo-
sition due to long-time elevated temperatures.
Evidence of decomposition has been seen using NMR
analysis of longtime heating.

The introduction of a small amount of water in the
intermediate production will aid in the solubility
of sodium bicarbonate.

Substitution of sodium bicarbonate for sodium ace-
tate will lead to a more economical and stronger
base. Whether the reaction will tolerate a
stronger base will have to be examined.

The preparation of picryl chloride from picric
acid will have to be done. No source was found
for picryl chloride in large quantities. The
picryl chloride reaction is known to be efficient,
but will be evaluated.

The nitration stage in the formation of BTX during
the last stage of the process calls for heating
under reflux. Evidence indicates a decomposition
of the reactant/products (mixed acids) may be
taking place, thus adding additional contaminants
to the reaction. How much lower than reflux tem-
perature will be examined.

The presence of the second crop of crystals that
are pink in color should be identified. 1If they

are BTX crystals, the pink color must indicate
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some contaminant; which might be eliminated by

some of the suggested improvements.
The substitution of isopropanol for ethanol, the reduction
of the reflux times to the times indicated by previous runs,
the substitution of sodium bicarbonate for sodium acetate,
the introduction of a small amount of water in the interme-
diate production, and keeping the temperature below reflux
during nitration were tried on a l0-gram-scale reaction.
The reflux times will also be studied by taking samples at
specific time intervals to monitor conversion versus time.
NMR was used to analyze the samples; charts can be found in
Appendix C. Perhaps the most striking result of the changes
listed above was that the yield of the reaction was dou-~
hled. (See Table 6)

All samples taken from the improved 10-gram scale re-
action were examined by NMR. The samples were taken accord-
ing to the following time intervals: During the intermedi-
ate production part of the reaction samples were taken at 45
minutes, A5 minutes, and a sample of the final product at 90
minutes of reflux. This was done in order to monitor the
reflux time versus conversion to l-picrylbenzotriazole of
the starting products. The NMR analysis and the yield in-
dicate a nearly complete reaction giving pure product at 90
minutes of reflux.

Samples were taken at 15-minute intervals during the
conversion of l-picrylbenzotriazole to 5,7-dinitropicryl-

benzotriazole. The four samples taken at 15-minutes,



