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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.
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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
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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,



Reaction Reaction l-picrybenzo Theoretical
Number Conditions: triazole BTX BTX
1 S Hours Intermediate Reflux 5.93 4.57 16.73
2 Bours BTX/Mixed Acids
2 1 Bour Intermediate Reflux 5.57 4.20 16.73
48 Minutes BTX/Mixed Acids
Reflux
3 1l Bour Intermediate Reflux 5.63 4.31 16.73
48 Minutes BTX/Mixed Acids
Reflux
4 Material Handling, 12.7 10.7 16.73

TABLE 6. REACTION CONDITIONS AND YIELD

Yield (grams)

Economic Changes*

*Changes made were:

1.

Substitution of isopropanol for ethanol in intermediate

production stage.

Reduction of reflux time to 1-1/2 hours during

intermediate production.

Substitution of sodium bicarbonate for sodium acetate with

small amount 820 added to aid solubility.

Reduction of reflux time in the production of BTX in the

second stage of reaction.

Keeping temperature below reflux during nitration.
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2N-minutes, 45-minutes, and 60-minutes of heating just below
reflux were examined by NMR, and there is some indication of
decomposition of the BTX after 45-minutes of heating. Im-
pact Sensitivity Test results are shown in Figure 7.

AnotheY 10-gram batch was prepared using the improved
procedure, but no samples were taken for analysis during the
reaction. The reaction proceeded in approximately the same
way as the previous run. The yield was down slightly,
yielding 10.4 qgrams of recrystalized BTX. Impact sensitivi-
ty agreed well with the other BTX samples tested
(Figure 8). Table 7 lists the 1l0-gram runs and quantities
of material produced.

Fiftv-Gram Scale Reaction

AESOP-170 was written and approved to produce BTX in a
50-gram batch (Figure 6). However, the improvements found
beneficial on the 10-gram batch will be incorporated into
this preparation. The physical arrangement of the reaction
will be the same as for the 10-gram batch, although the
glassware will be larger. The reaction was scaled directly
from a 0.04-mole (1l0-gram batch) basis to a 0.2-mole basis
(50-gram batch). The volume of solvents was kept in scale
with the 0.04 mole to 0.2 mole scale up. The yield of the
reaction was somewhat surprising because 52.4 grams of mate-
rial was produced from an expected 50-gram scale reaction.

The nitration procedure of this BTX reaction should be
changed to the use of vhite fuming nitric acid. Red fuming

nitric acid was used interchangeably with white fuming (90%



STX-4 IMPACT SEWSITIVITY

OFFICE MEMORANDUM

e : John Senchez, WA-2
FROW M, J. Urizez
SUBJECT : Izpscr Semsitivity
SYMBEOL : WEe2

DATE:

1

SIRSITIVE

- STIZTLTT
0% Helpnt c z1/5/48 n
S+ MPLTE let vnits _e loe vnits gt 120°C
Teoe 12

PITN Std. l.28%2 12,5 0.134

ETR-4 (Rev matesigl) 1.7718 £2.1 0.081

5, -j-dizitro-l-picrylbenzotriazole

BIX-4
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.
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23 Septecdber 1981
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FIGURE §.

BTX~5 IMPACT SENSITIVITY

OFFICE MEMORANDUM

TO : John Sanchez, WX-2

FROM : M. J. DUrizer

SURJECT : Iompsct Semsitivity

SYMEOL : WX-2

OATE: Q October 1951

STNSTTIVITY STABILITY
50% Heignt . c nl/g/48 h
SAMPLE log units c= log uvrits 2t 120°C
Tyve 12
X Std. 1.5385 34.6 0.068
BIX-5 1.6968 49.7 0.088

Y. J. Uridsr




TABLE 7. REACTION CONDITIONS AND YIELD
Yield
Reaction l-picrybenzo
Reaction No. Conditions triazo BTX
1 5 h Intermediate Reflux 5.93 4.57
2 h BTX/Mixed Acids
2 1 h Intermediate Reflux 5.57 4.20
48 min BTX/Mixed Acids
Reflux
3 1 h Intermediate Reflux 5.63 4.21
48 min BTX/Mixed Acids
Reflux
4 Material Handling, 12.7 10.7
Economic Changes*
5 Same as Reaction No. 4 --- 10. 4

*Changes made were:
1. Substitution of isopropanol for ethanol in inter-

mediate production stage.
2. Reduction of reflux time during intermediate pro-
duction to 1-1/2 hour.
3. Substitution of sodium bicarbonate for sodium ace-

tate with small amount of H,0 added to aid solu-
bility.
4. Reduction of reflux time in the production of BTX
in the stage of reaction.

5. Keeping temperature below reflux during nitration.
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nitric acid) with no real difference in yield, purity or re-
action conditions. White fuming (90% nitric acid) is easier
to use and to obtain.

A second 50-gram batch was produced in order to verify
the yield from the first run, but the heating time during
nitration was cut to 50 minutes. The quantity of recrystal-
lized BTX produced was 51.9 grams. The supernatant liquid
was cooled to encourage a second crop of crystals to ap-
pear. No secondary crop of pink crystals formed. The en-
hanced yield of the reaction, and thus the decrease in the
nitric acid present, probably reduces solubility of BTX
crystals in the supernatant liquor. Table 8 lists the
amount produced from the 50-gram reactions. Impact sensi-
tivity fell into the range established for BTX by this study

and can be found in Figure 9.




TABLE 8. YIELD OF FIFTY-GRAM REACTIONS

Yield (grams)

Reaction

Number Reaction Conditions BTX

1 Conditions of Improved 52.4
10-gram Reaction

2 Same as Reaction No. 1 51.9

However, heating during
nitration was reduced to

50 minutes.

Theoretical

83.64

83.64
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FIGURE 9
SENSITIVITY OF BTX-6 50-GRAM BATCH

SENSITIVITY
50 $ Height g
SAMPTLE log units cm log units
Type 12
HMX Std. 1.4756 29.9 0.083
BTX-6 1.6718 48.1 0.041



CHAPTER 8

ECONOMICS

The economics of the BTX reaction, while not overly
important because of the proposed use of this explosive in
nuclear weapons, will be examined. This examination will
serve to outline overall cost considerations and prove the
worth of changes in the reaction.

The economic evaluation will examine the reaction from
a bench-scale point of view in 10- and 50-gram batches and
will be extrapolated to a 50-pound batch; the results are
illustrated in Tables 9 and 10. It can be seen that, by
producing the picryl cloride from picric acid, substituting
isoproyl alcohol for ethanol, and sodium bicarbonate for
sodium acetate, materials costs are down even though more
materials are needed. These results are dramatic for the
50-pound production case. Improvement is also seen for the
small-scale batches. The enhanced yield of the reaction be-
cause of the material substitutions and different operating
conditions discussed earlier makes this reaction economical-
ly worthwhile.

Typical comparative costs of other explosives with
similar properties and applications are not easily made be-
cause of the proposed special use of the BTX explosive.
Costs of other explosives used in nuclear weapons range from

eleven dollars a pound to a high of forty-five dollars a
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TABLE 9.

Raw Materials

10-Gram Scale
in Dollars

Benzotriazole
Picryl Chloride
Sodium Acetate
Fuming Nitric Acid
Conc stO4

Acetone

Ethanol 100%

MATERIALS TOTAL

DOL1ARS/UNIT

TABLE 10.

Raw Materials

Benzotriazole
Picric Acid
Toluene

Thionyl Chloride
Dimethyl Formamide
Sodium Bicarbonate
Fuming Nitric Acid
Conc. sto4
Acetone
Isopropanol

MATERIALS TOTAL
DOLLARS/UNIT

0. 35
2.39
0.01
0.38
0.14
0.43
0.79

4.49

$ .45/gram

10-gram Scale

in Dollars

ECONOMICS OF BTX REACTION BEFORE IMPROVEMENTS

50-Gram Scale 50-1b Scale

in Dollars in Dollars
1.83 831.82
11.98 5445.46
0.05 22,73
1.90 35.66
0.70 22,07
1.04 156.59
3.42 2373.20
19.92 8887.53

$ .40/gram $177.75/1b

in Dollars

ECONOMICS OF BTX REACTION AFTER IMPROVEMENTS

50-gram Scale 50-1b Scale

in Dollars

0.35
1.36
0.05
0.14
0.001
0.01
0. 38
0.14
0.43
0.15

3.01
$ .30/gram

1.83
6.80
0.19
0.64
0.005
0.05
1.90
0.70
1.04
0.64

13.80
$ .28 gram

831.82
215.09
24,57
192.98
2.57
1.87
35.66
22.07
156.59
291.91

1775.13
$35.50/1b



pound. It must be kept in mind that these explosives are
much more expensive because of limited use in some cases and
small quantity production in others. Nuclear weapon explo-
sives also differ in the sensitivity and performance which
are desired and may be in a more costly class than military
or conventional explosives. A list of common explosives for
military and nuclear weapon use can be found in Table 11.
Each has a desirable application with the latter four more
pertinent to nuclear weapons application. As further study
and scale up of the BTX process is done, the expected price
per pound should decrease. The extent of this decrease can

not be determined, but will depend on innovation.

33



54

TABLE 11.

Explosive

TNT
Composition B
PETN

RDX

HMX

PBX 9501

TATB

COST OF COMMON EXPLOSIVES

Dollars/Pound*

0.65
3.50
2.08
6.00
9.72
11.00
45.00

*Prices based on a minimum production of 40,000 pound.



CHAPTER 9

RESULTS AND DISCUSSION

The réaction for produciné 5,7-dinitro-1-picrylbenzo-
triazole has been studied. The 10-gram scale reaction was
looked at first while the setup for a 50-grém scale run was
worked 6ut. The experience gained from the 1l0-gram batches
became invaluable because a run could be easily completed in
the laboratory. The information gained on these small runs
and applied directly to the scale up to 50 grams, proved
successful.

The study of reflux times proved that the times neces-
sary for these heatings could be substantially reduced.
Reduction in these times to one fifth during intermediate
production and one-half during nitration is economically
valuable and also aids in production of a better product.

Several other changes were made to the reaction, which
are significant to the increased yields obtained. The
changes listed here are summarized from an earlier chapter.

1. Substitution of isopropanol for ethanol in the in-

termediate (l-picrylbenzotriazole) produc%ion
stage.

2. Reduction of the reflux time to 1 to 1-1/2 hours

during the intermediate production stage.
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2, Substitution of sodium bicarbonate for sodium ace-

tate,

4, Addition of a small amount of H20 to aid with

solubility of the sodium bicarbonate.

5. Reduction of temperature during reflux (heating).

Temperature should be kept 5-10°C below reflux
in order to discourage decomposition during the
nitration process.

6. Heating time during nitration reduced to 1 hour.

These improvements were incorporated successfully into
the 10-gram scale reaction and produced BTX at more than
twice the quantity previously achieved. Sensitivity and
analytical techniques indicated that the BTX produced was of
good quality.

Two 50-gram batches were produced using the same im-
proved procedure developed for the l0-gram batches. 1In each
case, the quantity produced compared well with the 10-gram
batches.

For large-scale production, a batch process is more
reasonable because of the nature and characteristics of this
HE. A less sensitive explosive would be a more reasonable
candidate for a continuous or semi-continuous process.

The production of picryl chloride by chlorination of
picric acid was another step that might be profitable. This
process has been studied before for another application and

should work well in the BTX process.



This study reduced materials costs significantly.
While the number of raw materials needed for the improved
process increased, the total cost of these materials is less
than one-fifth the cost of the raw materials for the origi-
nal process study. Even on a small scale, a savings in raw
material costs is seen. These savings, while not as strik-
ing, represent a 56% savings on a 50-gram batch.

The original reaction to produce BTX resulted in a
primary crop of white BTX crystals at a melting point of
262°, A second crop of pink BTX crystals formed after 10
to 15 minutes from the supernatant of the white crystals.
The melting point of these pink crystals was 263°. Impact
sensitivity and elemental analyses indicated that these pink
crvstals were BTX. The enhanced yield of the improved reac-
tion reduced the solubility of the BTX crystals in the su-
pernatant liquor and thus, this second crop phenomenon was
not observed in the improved reaction, and thus was dropped
from further studies.

A great deal of sensitivity testing was done on BTX.
This testing will prove valuable as more development work is
done on this reaction. Performance properties should be
measured as more material is accumulated. These performance
tests require larger amounts of material than the sensivity
tests already done.

This reaction is now ready to be scaled up to larger
quantity batches. The work done on these small-scale batch-

es will be useful in this task. The economic improvements
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will no doubt carry on into large production. Interest and
applicability of BTX will dictate whether more development

on this explosive will be done.
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EXPLOSIVE PROCESSING SPECIFICATIONS
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STANDARD SPECIFICATICN STATEMENT FOR
EXPLOSIVE MANUFACTURING ZQUIPMENT QNo. 1)

7

"This equipment is to be used in the manufacture of high energy.
explosives, Safety aspects of design and construction are 2 price
consideration. It is the intent of this mecification to procure
equipment that is free of any voids, pockets, cracks, or metsl-to-
metal pinech point where minute explosive crystals could possibly
collect, or grow, and be subjected to mechanical pressures which
could initiate a detonation. The explecsive also tends to pre-
cipitate from a 'slurry and form a build-up on surfzces; hence
rough surfaces, ledges, etc.} which aid in the build-up of coating
§and make cleaning difficult) shall be avoided, While it is not

casible to cover in detail every design situztion which may arise,
the following examples should suffice to reflect the foregoing genexa)
Trequirements:

1, Llap joints with fillet welds are not permissible unless
the lap is short enough for the penetration of the
opposite fillet welds to fuse into one znother (so there
is no crevice between the lzpped surface of the parent
metals).

2. Butt welds on thin metzls shall be full penetration and
back welded., Butt weldec heavy stock shall be beveled,
or double beveled, and bzck welded. Fnough beveling shall
be provided so that welds from opposite side completely fuse
with no voids or cracks.

3. Where butt welds terminate at an edge, except where the
parent metal is too thin to allow it, the weld shall be
run accoss the edge to the other side.

4. Welds on “wetted" surfaces shall be ground smooth.”



d @’ are

EXPLOSIVE MANUFACTURING EQUIPMENT (No. 2)
(For A{r/Gas Moving Eouipment)

STAXDARD SPECTFICATION STATEMENT FOR

"This equipment is to be used in the mznufacture of high energy explosives.
Safety aspects of design and construction 2re a8 prime consideration. It is
the intent of this specification to procure equipment that {s free of any
voids, pockets, cracks, or metal-to-metel pinch point where minute explosive
crystals could possibly collect, or grow, and be subjected to mechanical
pressures vhich could initiate a detonation. While it is not feasidble to

cover in deteil every design situation vhich may arise, the following examples
should suffice to,reflect the foregoing general notes:

1. lap joints with fillet welds are not permissidble unless the lap is
short enough for the penetrazion of the opposite fillet welds to

fuse into one another (so there is no crevice between the lapped
surfzce of the parent metals).

Butt welds on thin metals shall be full penetration and back welded.
Butt welded heavy stock shall be beveled, or double beveled, and
beck welded. Enough beveling shall be provided so that velds from
opposite side completely fuse with no voids or cracks.

Where burr welds terminate a2t an edge, except where the pzrent metz)

is too thin to zllow it, the weld shall be run across the edge to
the other side,

Welds on surfaces exposed to gas streeam shall be ground smooth..

5. All welds shall be sound, continuous, and full penetration having no
pits, cracks, crevices, undercuts, blovholes, or voids of any sort,
Slag and spatter are absolutely prohibited. See attached sketch for
typical velded joint construction details.

Minute cracks and crevices normally present in standard equipment
construction 2re not 2cceptable.

7. No threads (pipe, screw, etc.) shzll be permitted exposed to the gas

stream. Bolt heads are acceptadble if self-locking nuts are used
outside the gas ‘strean.

8. Casket material, if used, shall be 1/B8" thick red rubber conforming
to ASTM D1330.

9. See HDC Sketch No. 1844 for some typieal weld jeint details.
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- Piping: Tezbrication, Erection and Tesuag | —Se2 ]
Jg=. . 1670 | Pareln
1st of 1) pages
A. SCOPZ
A-l This Piping Standard prescribes general recuiremerts for the Zzbrication
erection and testiag of piping gystems, detzils of wkich 2re specified
on EDC Piping Stardzrds and Piping Diagrams prepzred for the
paricular type of system under consideration. When sizinless steel
is izvolved, refer zlso to XDC Exfineering Swandzrd E-29, pages 101-102.
3. STANDARDS AND SFECITICATIONS
B-1 Unless otherwise noted, reference to an American Stzacdard, ASTM
Specificztion, or EDC Stzndard is to be the lztest revision of that
Standard or Specification 2s 2pproved by the boc:; concerned.
3-2 De:zils pot specified must comply with the 2ppliczble section of the
USA 3-3]1 Code {or Pressure Piping, 2s noted in the particuler EDC
Stzzdzrd under consideration.
c. PRISSUEES AND TEMPIRLTURES
c-1 Uanless otherwise specified, pressures referred to iz 211 Piping Stznderds
2nd Pipirg Diagrams 2re expressed in pouncs per sguare inch 2bove
ammespheric pressure, i.e., psig, and 21l temperatures ze expressed in
degrees Fanrezheit
D-1 A1} materials used shell comply with 211 of the reguiremexts of the specifi-
caticas called for on the zpplicable EDC Piping Smandard, drzwing, or
coztrace.
D-2 Coztactor shall secure the epproval of the designated EDC representative
before making any substitutions.
E. PIPE TERLADS

E-1

All threads on pipe, valves, {ittings, ete,, shzl) conform to American
Standard for Teper Pipe Threads (USA B2.l) Threads shzll be well-
formed, smooth, znd thoroughly clean.

HOLSTON DEFENSE CORPORATION




G AXpPlosives rrocess rLiglng

te=vil 1877 Type 304-1 Stzinless Steel E?;zgz 5 j
Peéso; R;:::::ible: Pege 1ot 7

1. Sce==

This EDC Zngineering Stenczrd shall be used fer 21l explosives process
stzinless steel piping 2t Plent 3 vhere the specifi{ed mzterizl is s3tisfactory
for corrosion resistance. It must be used In conjunctien with HDC Engineering
Stancéard 5-29, Pages 131-141, vhich prescribes general requirements for &l}
piping syste=s, and with KDL Ingineering Stanfzrd 3-29, Peges 101-1M2, wvhich
zpplies to all stainless steel piping. Pipe sizes larger thzn 12" require
specizl consideration.

2.

3.1 Ianside Suziace Pinish

3.1.1 All piping convering vater-explesives slurries shall be annezled
and pickled 2nd veld besd veduced to a2 seth surizce fialsh.

3.1:2 Piping vsed fer conveying acid-explosives slurries vhere corting
is prevalent, such 2s dilurien liguor (Chemiczl 522D) zné Chezicz) 522, shall be
fully 2anealed snd pickled; the wvelcd besd recuced to & smooth surfazce finish 2ad
have z roughness not to exceed 2 15 RMS-mu. in. surlizce 25 described in ANSI
Standard B46.1. The "Zlectro-Glo” electropolishing process z2pplied to mill-
£inished pipe is 2n accepizdle finish.

3.2 1 t.h:cugh 12", Schedule 58, wvelded sez2z, 2ustenitic st2inless steel
pipe vith plain ends - ASTY Designetion A-312, Grade T? 304l - only one bend or
tura is perzitted between flanges.

4, ETTINGS
4.1 Icside Suriace

4.1.1 A1l fiztings conveying wzter-explosives slurries shall de anncaled
and pickled.

4.1.2 Pirtings conveying 2cic-explosives slutries vhere cozting is
prevalent, such as é{lution liguor and Chemical 522, sh2ll be. annezled 2n¢ pickled
and have a Toughness not to exceed 15 R¥S-mu. {n. as deserided in ANSI Standard

BL6.1. The "Liectro-Glo" electropolishing process applied to mill-finished pipe
{s an acceptadle f£inish.

4.1.3 Screved pipe comnections are probidbited on all explosive process
lines.

4.2 1" through 3", shop-fabricated pipe turns shall be used vherever possible
instead of butt-welded purchased £ittings. These pipe turns shall be made

This docu=ent {5 the propersy of Holstop Defense Corposziuion end/or-the United States
Goverzmment and must pot be used except in comnection with HDC or the U. S. Goverz=ent
work. All rigkts of desipn or invezton are reserved.

HOLSTON DEFENSE CORPORATION

PWwAIMEISBIMNA STANRLIN
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G Exzlesives Process Piping [ z-2¢
Jole 1676 Tvoe 20L-1 Stzinless Steel Pege 505
Page 5 of 7
Tyoe Size
6.1.4 Plug, Streight-Way 1/2"-6%

150 1b ., type 316 ECL stzinless steel body end plug, flznged ends,

150 id , ANS]I Bl6.4, TFE Sleeve-lined top 2nd botcez ceps 304 steinless
steel, top &nd boitcs cep bolt 304 stzinless steel, top and detre= cep
rut 304 stainless steel, TrZ thrust wesher, adjusting screws end nut
303 steinless steel, TTI botten diepntegm, non-lubrica:zed vwizh device
to gTound plug to dody. ~»Specify cperzting wrench to de i{ncluded.

This velve is to be mocified vith 2 FVC adjusting plunger and weep noles
25 shown on deteil ic Ref. 50.5. Shell be Durizen Co., Durco Type FT
sleeveline valve.

5.1.5 Plug, Three-Wey 1/2"-6"

150 1b , type 316 ECL stazinless steel body end plug, Zlanged ends, 150
1b , ANSI B16.5, T sleeve-lined, 04 stzinless steel top cep and
scdiuster with 304 stainless steel bolts znd 303 stzinless steel muig,
ron-lubriceted with device to ground plug to body. *Specify operztiing
w=ench to be included. Shell be Durizon Co., Duzco Type TG sleeve-lined
velve, ecTangenent to be specified by Engineeting Process piping
specizlist.,

6.1.6 Fluvg, Three-Way 1/2v-6"

6.2

150 1b , type 316 stainless steel body end plug, flznged ends, 150 1b ,
ANSI 316.5, TrE, sleeve 22f disphrags, cover end thrust collar to be

304 steinless steel, type 304 sdjusting sctevs, non-ivtsicated wishy
device to ground plug to body., *Cpecify opezating vwrench to be izcluded,
Clesrznces between metrl-to-z=etzl contact polints te be relieved as__

shovn on deteil in Refecence 50.7. Shell be Xo=oX Ceop. Tufline Fig. .037.
(Specify plug ectrangement,)

Dizphzzga Valve, Tvo-Wey 1/2%-6"

150 1b , type 306 staizless steel polished body, handwheel-opezated,
non-rising stex with Tell-Tele trevel stop, position indicator and
travel stop bonnetr, flanged ends, 150 1b , ANSI B16.5; the follewing
digphreg=s shell be used &5 <indicated.

Dixvhresm No. Descrivsion Service
o-1 Teflon-Paced Neoprene Por sesvices contziaing acids
or solvents
¥cCannaplast Zthylene-?'o?ylene For processes not contaizning
74 Copolymer (wWnite) scids or solvents
H-2 Kel-F-Solid For spec’ltl products
Hggnnanplnlt Tripolyene (Black) For service {n weak aceric

acid containing explosives
*Gezr operators shall be used on 4" and 6" size valves.

This document {s the propersy ol Rolsion Lelense Corporzsion and/or the Uritad Stztes
Goverzment and must not be used except {n cornection with KEDC or the U, 8. Goveramesxt
work., Afl ngh.a of design or {nventiop are reserved.
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Ixzlosives Process Piping |B-2¢

Cemce=bter 1C7E Tvpe 304-1 Stzinliess Steel [Pepe 507

12.2

50.3

50.¢4

30.8
50.¢
5C.10
50,22
50.12

50.13

Fege 7 el )
EIDINA

All nev 2boveground exples ives precess pizing shall heve bonding lugs velded
to the $ipe 2s shown in Ref. 50.12. These 2ugs vill be veed for bonding 4f
ield test indicates 2 need.

e -
2n6 centinuity, The mexizms resistznce fre= the piping syste= to ground is
10 ch=s, )

Explosives process piving systems shzll be tested for electrical resiciance

RITIRTNCES
¥DISTAN B-29-4, 501, “Pipe Sends, FOC Shop Made."

TOCSTARN B-2%~A, 505, "Pipe Stud Ends, TOC Shep Made,” and 511, "ModifiZerticen
to Dureo Plug Valve, Type G4, Tip. GLid."

TDCETLN R-20-A, 512, "Durco, Fig. G-11, Sieeveline Plug Valve, Detsil of
Ssac

FOUETAN B-28-4, 51€, "Tufline Fig. 0f /. Cieeved Velve, Dezall of Metale-to~
< ezTzaces, Spacer, Veer Ecles.'

FOTSTAN B3-28-4, 521, “'Durco Type z.. Sleeveline Valve; Detail of PVC Adjusting
Piumger, Weep Foles."

FOCSTAN 3-28-A, 524, "Rillg-Melenna Szunders, Disphrags Velve, Detell of Veep
Foles and Bemnet Lubriczrion.”

e

TOCETAN B-25-4, 528, "Tufline Tig. 037, Three-Vay Plug Valve; Detzdl cf Metzl-
to-Metal Clurances.

EDCSTAN B-29%, 132, paragzaph T, "Welding."

DL Paint Standards, Section VIII.

TOCSTAN B-2¢, 136-138, paragreph J-2, "Evérostetic Test."

EDCSTAN 3-29, 140, parezgraph J-5, "Leak Test."

EDCSTAN B-31~C-B, 505, "Elecrrostaric Bonding for Process Piping."

RDCSTAN B-31-C-8, 515, "Grounding Cable.”

This document is the property of Holston Defense Corporation and/or the United States
Goveroment and must oot be used except in cozpection with HDC or the U, S. Goverame:
work. All rights of design or invention are reserved.

HOLSTON DEFENRSE CORPORATION
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G2 B-2¢4

w0
pN |

znuary 1873 Modificztion to Dureo Plug Volve, Tvoe G4. Fic G431 Daga 523

[Mez2] to met2) clezrance
between plug 2nd valve
body must be 1/16"
=imimum,

e —————

Vzlve Body

Instz]] 1/8" thick [174" Drill one weep hole in
Teflon spacer with | bottom of valve body.
weep hole.

Note: (1) These modifications, i.e. Tellon spacer, metzl clearance, 2nd weep bole, 2re

required before this valve is icsiolled

(2) This valve shall meet the electricz] ceztinuity test (described in Kdestzn B-29,
Par., 6.1.1, Pages 501-508) before being placed in service.

(3) All manual valve operators furnished by the valve vendor shzll be permapently
attached to the stem by a set serew or machine bolt.

(4) Valve materials sball be as described in Hdestan B-28, Pzges 501-508,
Par. 6.1.2.

(S5) This valve is referred to in Hdcstan B-29, Pages 501-508, Par, 6.1.2.1
and Ref. 5§0.2.1.

HOLSTON DEFENSE CORPORATION
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Sooes: J

= 1y \ odificaticn 0 Tulline Plug Vizlve, Tig. UET SR
f"l'.'ﬁ

= .
: )
- \ \ Relieve met2] clearznce

J o= - T &t these points between

l | / | plug 2nd vzlve body

L_¥ J 1/16" minimum.
N \\T\fé"’/////’//ﬁw \
Valve body ‘
1/4" Drill onc weep hole

in v2ive body bottom.

1/8" thick Teflon spacer
with weep holc

TUFLINE PLUG VALVE
FIG. 067

hozes: (1) Thnese modificesions, i.e. metzl-to-metel tleerances, Teflorn spacer, and

veep hole, are reguired before 'this velve is instelled 4n en Explosives
Process Piding Syste=.

(2) This velve shall meet the electrical comtimuizy test {descrided in
Récsten B-2G, Pages 501-508, Par. 6, 1.1) before beirg placed in service.

(3) AL} ==mwal velve operetors furnished by the velve verdor shell bde
per=eremtly etteched to the stem dDy & set screv or meshine bols.

() Velve zeteriels shall be as descrided in Fdcstan B-20, Pages 501-508,
Para. 6.1.3. —

(5) This valve is refexred to in Kdesten B-29, Pages 501-508, Para, 6.1.3,

and Ref{erence 50. 4.

HOLSTON DEFENSE CORPORATION

INOINEIIEING STANBALRD

69



70

R-2C- 2

Modification to Durco Sleeveline Plug Velve, Type FT T~
: ?i?! YN

Rotes:

3¢ J

Replace metz] adjusti=g

) > — pluzger with 2 PVC
Y, plenger,

1/4" Drill 2 weep boles, 180° 2paTt

DURCO SLEEVELINE PLUG VALVE

()

(2)
()
(L)
(5)

TYPE FT

Toese =xAificeticas, L.e. instellztion of 2 PVC aljusting plunger &xd
vesp holss, are recuired befcre this velve is instziled in en Ixplosives
Process Piring Systexn.

mig vzlive shell meet the electrical contimuity test {@escrived in
Ecestan B-29, Pages 501-508, Parz. 6.1.1) before being placed in service.
A1l zemuel velve operators furnished by the venior shell de per-
=zaszzly 25teched t0 4he stex by mezns ¢l 8 set screv Or machine volt.
Velve =2terials to be es desczided in Edcstea 3-2G, Pages 501-508,
Parz. 6.1.4.

Tass velve is refesred to in Hdcszp B-28, Pages 501-508, Para. 6.1.4,
2ad Ref. §0. 5.

HOLSTON DEFERSE CORPORATION
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-20.4 AOCHICSTION W TUIID T Witk Tites Teittii st R s e o Ty 3

'~ 'pL Fetiae SETT
*ore 52L& Typ | v 270

Jul

Pack the izsice of valve
bonnet with Petrolation -

Boaner
white vaseline, EDC Stwock
No. 564-6000-230 @ N \'\qa.;g::g\_,,_._‘_;__\

NS &
Izs22]] polvethyleze shields, \{ EE‘

EDC Stock No. 338-7500-005. <
Skz1] be placed over the outN_g
side of the vzlve bo=net

before fluid is circulzted
through the valve.

1/4" Drill 4 weep boles,
S0° 2pzre

Body

HILLS-McCANNA SAUNDERS VALVE
DIAPHRAGM TYPE

Notes: (1) These =ocifiegticns, i.e. veep holes, pecking bonmed wisy vaseline,
instelling polyetrylene shield y tTe reauired defore this valwve is
installeé 4in 2n Ixplosives Frocess Piping Syste=.

(2) A1) =2m2) velve orerzters furnished by the verdor shall be PerTanermtly
. elteched TO the sien by meens of & set screv.or machipe screw.
(3) Velve z2teriels shall be es descrided in Récszen 3-29, Pages 501-508,
Para. 6.2. -
(k) Tnis velve is referred to in Rdcsten 3-29, Pages 501-508, Para. 6. 2,
and Ref. 50.6.

HOLSTON DEFENSE CORPORATION
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. . - - £
Modification to Tefline Plug Valve, Fig, 037

Jrly 1M

¥etes: (1)
(2)

(3)
(&)
(5)
(6)

Plug

N

Velve botiem

TUFLINE VALVE

FIG 037
(TEREE-WAY) . -

Metel-to-metel cleerances 2 points "A" 4c de relieved 1/16" minte,
Matpli-to-matel clezrances 2t point "3" betveen bottes of Piug and
velve dottoz 1o be /LY minimz,

Toe modificesicns descridbed in notes (1) en2 (2) Zbove exe required
before tkis valve 4s installed in zn Zxplosives Process Pipisg Systes.
Tkis velve sbell meet the electriczl continuity test (descrided in
Edcstap B-29, Pages 501-508, Para. 6.1.1) before being placed in service.
Al velve zzieriels shell be &s described in Rdestan B-29, Pages 501-
S08, Parza. 6.1.6.

This valve is seferred to0 in Rdestan B-29, Pages 501-508, Para. 6.1.6,
and Ref. 50.7.
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These pud Danges are availadle {rom eutside suppliers or
be fabricated at ¥DC shops,
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"818, A181) and raiciess stael (ASTK ALR2, A2¢0). Thasp
Ganees match 180 D ANS stocare Dasges.,

8. 60ss saall be ASTN AL19S Grese BT,
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Parvise speciSed Comsercic serTations shall be approx-

ransly 33 serTRDORS per lnch with dapth appreximarely 0. 0DS™
0. 018%, Sprial serrisions shall be 20 W B0 serrations per.
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538"“ 811 Syle G, R=36%, faca 123 AARE, masl ASTN &
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boje 13 ciz lar pac Gaagu.
9. Ter C>easiot H soo page 312. When reausitoting
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& Variahle © e spociliod ia meeslie schecdus of vessel dremag.
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The materia) of cesstruction of the thetwowell must
be compatidle vitk the material of mnservetion of
the eeuipoent (tank, pipe or other unit) vith vhich
Lt L5 te be maud,
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B-51

G
Auust 1870 Scecification For: Exvlosives Slurrv Pums Pave 505

184

3.

PURPOSE

This standard describes the minimum requiresnents for a pump that is sefe for
pumping explosives slersy solutions. This type of pump is intended for new 2ad
replacemesnt explosives slurry instellations iz Explosives Production Deparmment,
Suildings "D through “"H" and B-Line a2pplications {rom ccude Chemical 522
receiving tanks through the fizal sludge and settling tznks,

INTRODUCTION

2.1 This specificetion covers centrifugal slurry pumps for vse in the traasfer
of explosives. All wetted parts shzll be sizinlecs sieel (See Paragraph
4.1 for cdescription. ) unless otherwise specifiec.

2.2 This specifica:ion differs {rox ordinary slurry pumps io that met2l-to-mestzl
pinch poists 2re eliminzied. In additicz, a2reas where solics may accumulate
(such as crevices) are to be 2voided. Pipe threzds, screw threads, or
belting may pot coxntaet the process fluid.

2.3 All informzatioz concerning operating dziz will be coxntzined in the individual
orders 2nd shzll censtitute a part of this specificatioz.

CONSTRUCTION

3.1 The pump sh2ll be of the horizontz) mounted type desigred with 2 single end
suction 2nd 2 single vertical dischzrge. The impeller sball bave clockwise
rotation when viewed {rom the coupling end. -

3.2 Al parts of the purp which come in contact with-the liquid must be free of
pits. e '

3.3 Beczuse the slurries tandled are explosives, 1/16" (. 062") clearance shall
be provided between moving metal parts such as the irapeller and casing.
There must be no scraping or contact of metzls while runzing and adjustmexnt
must be provided %o maintain the clearance. Crevices formed by two
ungasketed stationary parts must be at least 1/8" wide.

3.4 VWhere a shaft sleeve is used, the sleeve must extend through the stuffing
gland. Tbe impeller and shaft sleeve shall be 2 single unit, either cast
as a single unit or fzbricited by welding. The impeller and sleeve shall
be a one-piece balapced unit which threads onto the pump shaft and extends
through the packing gland so that there &re po separate nuts, keys, pins,
etc., exposed on the wetted end of the impeller. The impeller-sleeve

This document §s the property of Holston Defense Corporation end/or the United States

Government ang must not be used except in coanection with HDC or the U. S. Government

work. All rights of design or invention are reserved.

HOLSTON DEFENSE CORPORATION

IMOIMENILING STANDALRD
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77




LOS ALAMDS SCIENTIFIC LARCRATONY
UNIVERSITY DF CaLIFOsxia
LOS ALAMDSE, wES MEXICC EY04

OFFICE MEMORANDUM

TC : John Sanchez, WX-2 DATE: 7 August 19E}
FROM : M, L, Clency
SUBJECT : Impact Sensitivity
SYMBOL : WX-2
SINSITIVITY
. S50% Reight [
SAMPLE lpc ynics eo leg units
Teve 12
3TX 1.7010 50.2 0.045
Zvoe 128
X 1.55¢93 36.2 0.089

/2

¥. 1. Clancy

WXeZ-Feld



LOS ALAMDS SCIENTIFIC LABORATORY
UNIVERSITY OF CALIPORNIA
LOS ALAMOS, WEW NEXICO §754s

OFFICE MEMORANDUM

To : J. Sanchez, WX-2 DATE: 28 August 1981

FROM : M. J. Urizer
sveseey ; Impact Sensitivicey

SYMBOL : WX-2

SENSITIVITY
50% Hesieht [

SAMPLE log uzits _em loc units
Ivoe 12

BEMX Std. 1.5426 3.9 0.045

BIX - 1.7010 50.2 0.048 8/6/81
Ixoe 123

X sced, 1.5801 38.0 0.056

3TX-5-3 1.6468 4.3 0.047

BIX-8-1 1.5553 36.2 0.08% B8/6/81,

M. J. Urizar

WXe2-F=L3
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LOS ALAWDS SCIENTIFIC LASORATORY
UNIVERSITY OF CALIFODANIA
LOS ALAMOS, NEW MEXICO §7pas

OFFICE MEMORANDUM

TO :  John Senchez, WX-2 DATE: 2) October .1981
FROM : M. J. Urizasr
SURJECT : Impect Sensitivity

SYMBOL : WX-2

SERSITIVITY
50% Keight [
SAMPLE log units _em log vnits
Tvoe 12
B Std., 1.4756 29.9 0.083
BIX-6 1.6718 48.1 0.041

M. Jl. Urfz‘(

WXe2-Fadd




APPENDIX C

EXPERIMENTAL ANALYTICAL DATA

Elemental Analysis of BTX . .
NMR Monitor of BTX Reaction .

Pgs .
Pgs.

82-88
89-100
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ELEMENTAL ANALYSIS RAW DATA

Procram Code pp7. 2 >te E//4/2)
/
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!

j
&

7
.2 /B.Pe_pP 2 32°C
S2=5le Dried Dry Se=ple X

Properiies (hygroscopic, sensitivity)

128 3éem

DTV IRBATICH G NITROGEN

% K Ave.

DITTRCTATION OF CARBON AND HYTROCEN

W of S==ple (zg)

"t !%0
wt C02

£C Ave.

% Ave.
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DT CQVPLETTD BY

Q%-2-F-31
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Figure C-1. First Run NMR BTX
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Figure C-2. NMR. BTX Initial Run
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Figure C-3.

NMR Intermediate 45 min.
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Figure C-4. NMR Intermediate 60 min.
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Figure C-5.
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Figure C-6.

NMR Analysis BTX Runs.
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Figure C-7.

NMR Analysis BTX Run 4,
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Figure C-8.

NMR Analysis BTX Run 4 15 min.
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NMR Analysis BTX Run 4 30 min.
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Figure C-10. NMR Analysis BTX Run 4 45 min.




66

280¥ { 920-9L2—¥881:3014:10 ONILNINC LNIWNHIAOD '8'N 3%

Y5 6, gy 077 ) aaild

oty

&n 5 »o

Fiaure C-11.

NMR Analysis BTX Run 4 60 min.
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