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SCALE UP OF HIQlEXPlX131VE

5,7-DINITRO-1-PICKYIBENZOI’RIAZOIE

w
JohnA. Sanchez

ABSTRACI’

Improvementswere made to the reaction that produces

5,7- dinitro-1-picrylbenzotriazole(BTX). The reactionwas

first improved on a ten-gram scale that increased the yield

nearly threefold. The reactionwas then scaled up to a

fifty-gram scale in which all the improvementsof the ten-

gram research proved beneficial. The improvementto the re-

action.involved reducing reflux and heating time, substitu-

tion of isopropanolfor ethanol and sodium bicarbonate for

sodium acetate, productionof picryl chloride from picric

acid, introductionof water to aid in volubility 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 economicallyefficient and less time con-

suming with more readily available startingmaterials. The

process is now ready for further work as the need for this

special .purpose-explosivearises.

vii



Several chapters of this study are devoted to describ-

ing high-explosivesresearch. The description includes ini-

tial preparation,sensitivity testing, scale up, sensitivity

and performanceproperties 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 tremendousheat and pressure through

a rapid, self-sustainingexothermic 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 deflagratingexplosives that function through

burning processes characterizedby 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 (shatteringaction) and extremely rapid rates of

reaction,often characterizedby detonation waves that fre-

quently obtain a velocity in excess of 6100 m/s.

Low explosives are characterizedby 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
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since the introductionof modern rocket technologywith its

ever increasingneed for specializedpropellants.

High or detonatingexplosives can be furtherdivided

into primary (initiating)and secondary (noninitiating)ex-

plosives. Initiatingor primary explosives can be detonated

readily by heat, impact, or friction. They are generally

used for the manufacture of initiatingdevices such as

blasting caps, electric caps, percussioncaps, and delay

initiatingdevices. Included in the list of initiatingor

primary explosives are mercury fulminate,silver fulminate,

and fulminate-chloratemixtures, lead azide, silver azide

diazodinitrophenol,and lead styphnate.

Secondary explosives include a number of organic or

inorganiccompounds that have been combined to produce de-

sired propertiesof sensitivity,brisance, detonationveloc-

ity and stability. Common examples of this type of explo-

sive are PETN, RDX, HMX, TNT, Tetryl, CompositionB, and

TATB. Secondaryexplosives are the type of explosive that

will be discussed in this paper.

The safety standardswhich 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
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highly knowledgeableand experiencedpeople review periodi-

cally all aspects of high explosiveswork 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 explosiveswork in general and

the second part which includes the experimentalwork per-

formed in scaling up 5,.7-dinitro-l-picrylbenzotriazole(BTX).

The familiarizationwith the high explosives research

laboratoryoperations, safety and equipnent requirementsare

described in Chapter 2. Included are the layout of the lab-

oratory and the protective clothing needed by the research-

ers. The activities involvedwith the initial preparation

of high explosives in the laboratoryare presented in Chap-

ter 3. A detailed test sequence which must be followed in

order to ensure a safe and informativeinvestigationof the

high explosives sensitivityproperties is also described.

In the course of studying an explosive, the need

arises to produce larger quantities of explosive, which are

required for gathering performancedata 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-explosiveare examin-

ed. Some of the special equipment specificationsare des-

cribed.

3



Performance properties like detonation velocity and

pressure are important in any high explosive. The matching

up of these propertieswith needed application for the high

explosive is vital particularlyin nuclear weapons applica-

tions. Chapter 5 describes these properties and includes a

table of these parameters for some common explosives.

The scale up of ?3TXis importantbecause of its sta-

bility at high temperaturesand its moderate sensitivity.

These propertiesmake it useful in certain nuclear weapons

applications. In order to learn more about these properties

and performancepropertiesmore material is needed. The BTX

production reaction, prior to this study, was a cumbersome,

time consuming process resulting in very poor yield. As a

consequenceof this study, the time has been greatly reduced,

the yield is much more reasonableand the reaction is econom-

ically efficient by use of more readily available starting

materials. The experimentalwork 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-gramquan-

tities while making improvementsto 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 advantagesof 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.

4



CHAPTER 2

INTRODUCTIONTO OPERATIONS IN A

HIGH EXPLOSIVES LABORATORY

The ability to produce, evaluate and handle explosives

requires specializedfacilities,specificmaterial handling

procedures and a rigid, carefully constructedset of safety

rules. These procedures,while cumbersome at times, are an

absolute necessity and are outlined in this chapter. To

characterizean explosive, the sensitivityof 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 developmentof the explosive and on into production.

LaboratoryRequirements

Operations involvinghigh 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. In 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 laboratoryenvironment. Some of the

special added equipment that is necessary for safety in an

explosive research area are heat-sensitiveautomatic sprin-

kler systems, emergency showers and conductive concrete



floors. The walls are made of 30.5-cm thick reinforcedcon-

crete. Standard forced-drafthoods modified with sliding

shields of ?!5.4-mm-thickbulletproofglass, stainless-steel-

topped work tables, and laboratory sinks and floor drains

are necessary in these laboratories. The floor drains and

sink drains run into a sump outside the building for the

collection of waste solids~ particularlyexplosives. A cab-

inet warmed by steam pipes is located below the forced-draft

hood. An explosion-proofrefrigeratoris 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 708 volt EP three-phaseelectrical 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 individualroom 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 responsibilityof the individual

worker in his laboratory to determine.when a hazard exists

and take appropriateactions.

6



In working with explosives, the problem of accumula-

tion of explosivematerials 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. In 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 experimentalexplosives,particularlywhen 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 recommendedprocedure for drying all but the

most hydroscopicmaterials 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 temperaturerequired

for drying small samples. Larger samples are usually dried

more efficiently in forced-draftovens.
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Research samples (1 gram or less) may be dried in des-

iccators,vacuum ovens equipped with dual thermostaticcon-

trols, or in the steam-heatedcabinet under the hoods in the

laboratory (LASL SOP 1961). Only one sample at a

should be dried in a desiccator;several separate

may be dried in an oven at one time. It is safer

time

samples

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).

LaboratoryOperations

In general, the same basic safety practices hold true

in an explosives chemical laboratoryas in any chemical lab-

oratory. Careful planning of experimentsand of the action

to be taken in a possible emergency will do much towardmin-

imizing the consequencesof unexpectedhazards.

The general laboratory rules regarding cleanliness,

orderliness,storage identification,movement of material,

and equipment are necessary in any successful laboratory.

The restrictionon unattendedor overnight experiments is of

particular importance.

Some of the special rules regardingoperation in-

volving high explosives are worth noting in detail (LASL SOP

1961).

1. All operations involvingexplosives should be done

on as small a scale as possible, consistentwith

good technique,while keeping in mind the intent

of the experiment.



2.

3.

4.

5.

6.

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 reactionvessel 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 requirementsof 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 unexpecteddetonation of a sample. Note

that even a single layer of cloth, such as would

9



be provided by a laboratorycoat or cotton work

gloves, can significantlyretard glass or plastic

fragments from the explosion of a small quantity

of explosive.

7. Any experiment involvinga predictablyhigh proba-

bility of an unwanted explosion or detonation of

the sample should be discussed extensivelywith

experiencedexplosives personnel and the appro-

priate safety personnel.

8. Only taped, coated, or plastic desiccatorsare to

be used for explosives.

9. Many nitro compounds represent a significant

health hazard. In working with new or experimen-

tal materials, care should be exercised at all

times to avoid inhalingor ingesting the material,

or allowing it to come in contact with the skin.

The above-numberedrules are important in laboratoryopera-

tions involvinghigh explosives.

ProtectiveClothing During LaboratoryOperations

A variety of industrialsafety equi~ent and clothing,

such as safety glasses? face shields, conductive-solesafety

shoes~ gas masks, respirators,glovesf and aprons are avail-

able for use in a chemical research laboratory. The wearing

of special protective equipment or clothing is required inI

many of the operations involvinghigh explosives.

The minimum requirementsfor high-explosiveoperations

carried out in a laboratory are listed below.

10



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

sonnel.

2. Safety glasses must be worn by anyone entering the

laboratorywhile an operation involvingexplosives

is in progress.

3. Conductive-solesafety shoes must be worn by any-

one working with explosives, flammable solvents or

gases. Other safety equipment and special cloth-

ing should be considereddepending on the explo-

sive involved and the operation in progress.

11



CHAPTER 3

PREPARATION

The purpose

sequence of steps

AND INITIAL TESTING OF NEW EXPLOSIVES

of this chapter is to define the general

to be followed in the preparationand ini-

tial testing of new explosives. The term “new explosive” as

used is to be interpretedto include any explosive whose

sensitivityand thermal stability has not been measured and

cannot be predictedwith confidenceon the basis of past

work, and it further includesexplosive or potentiallyex-

plosive mixtures in addition to individualorganic or inor-

ganic compounds.

To attempt to specify the apparatus or procedure to be

used in the preparationof a new explosive would not be

wise. However, to control permissiblequantities,define

test procedures and to specify protectivemeasures is pru-

dent. The flame test and the preliminary impact test are

designed to give an early indicationof the hazards associ-

ated with the material.

Initial Preparation

The initial preparationmust be scaled to give a theo-

retical yield of no more than 500 mg (LASL SOP 1961). If

insufficientmaterial is obtained for the completion of the

flame test and the preliminary impact test, the preparation

can be scaled up to a theoreticalyield of 1 gram.

12



Flame Test

In this test the behavior of the explosivematerial 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 reasonablyenergetic explosive. Materials

that appear to explode during the test, particularlywithout

melting or burning, are to be regarded as fairly sensitive.

Larger quantities of these material may be isolatedonly

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, behin’da
8

safety shield if possible. Shock sensitivitymay be quite

high. In the absence of an audible reaction, the residue is

examined for charring or other evidence of reaction. A sec-

ond sharp blow on the consolidatedresidue of a solid sample

will often result in a positive reaction.

The behavior of the highly shock-sensitivematerial

discussed above indicates an explosive material in the

13



initiatingexplosive 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 resultsmust be considered be-fore

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. Otherwise, dif-

ferential thermal analysismust be obtained.

It is recommendedthat the flame test and the preli-

minary impact test be repeated whenever a subsequentopera-

tion (such as recrystallization)has significantlyaltered

the purity or nature of the product (LASL SOP 1961).

Other properties,such as melting point, IR spectrum,

refractive index, and behavior in appropriatechemical tests

also may be determined at this stage by the originator of

the sample.

Elemental Analysis

Routine micro-elementalanalyses on new explosive com-

pounds are generally done very early in their development

when sensitivityand stabilitydata are still preliminary.

If the analysis involves transferringthe sample to another

person, all informationlearned about the compound from the

preliminary tests and any special instructionsregarding

14



handling and storage must be attached. The quantity of the

sample should not be more than 50 mg.

Pre].iminarySpark-SensitivityTest

After the compound has been purified and a correct

elemental analysis has been obtained, a 100-mg sample is

submitted for a preliminaryspark-sensitivitytest. This

test will determine whether or not the material is danger-

ously sensitive to electrostaticdischarges.

DifferentialThermal Analysis (DTA)

This test determines certain thermal propertiesof 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 ?50°C temperatureto 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 importantparameter for scaling up to large

size batches. A DTA curve for 13TXis shown in Figure 1.

Phase changes can be seen on the chart as well as

decompositionand violent reaction of the explosives.

Observance of the permissiblequantities of explosive

produced and serious observation of the preliminary safety

characterizationresults will ensure a safe investigationof

15
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a new explosive. An early indicationof the hazards associ-

ated with the material are necessary if one wishes to scale

up to larger quantity production.

17



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 authorizationmust be obtained from experi-

enced, knowledgeableexplosives and safety personnel.

First Scale Up

l’hematerial may be scaled up to three grams or less

for additional study after it has gone through the tests

described above. Special attentionmust be given to materi-

als that show sensitivity to the flame test, preliminary im-

pact test, or preliminaryspark sensitivity test when scal-

ing to the larger quantity. Any question about sensitivity

of the material must be considered before proceedingwith

the scale up to three grams. Once enough material has bee~l

prepared from the scale up, it should be submitted for com-

plete impact and spark sensitivity tests.

Drop-weiqht Impact Test

A. Apparatus

From a safety point of view, the sensitivityof an

explosive is probably the most importantproperty



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 sensitivityof

a new explosive at some stage early in its devel-

opment. The ERL machine, named for the Explosives

Research Laboratoryof the National Defense Re-

search Committee, is shown schematicallyin 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 steel, and can be positioned at

any desired height above the test sample to a max-

imum of 320 cm. An electromagnetretains 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 restrainton a 25-mm-square

piece of 5/0 grade flint sandpaper. The sandpaper

in turn rests without restrainton an anvil 31-mm

diameter by 31-mm long.

B. 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

transferredto a noisemeter that assigns a number

between O 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-fivedrop 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 sensitivitiesis given in Table 1 (Sensitive-

ness 1966).
●

Spark-SensitivityTest

The test used to obtain a more complete measure of the

sensitivityof an explosive to electrostaticdischarges is

the spark-sensitivitytest. In 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 initiationof

a sample in 50% of the trials is estimated by an up-and-down

procedure. The sample size required to obtain a measure of

electrostaticsensitivity is one gram. Table 2 shows the

spark sensitivityvalue in joules of some common explosives.

Further Scale Up

A reaction to make an explosivemay be scaled up to

yield 10 grams of material if it has met the followingcon-

ditions (LASL SOP 1961):

1: Fifty per cent points greater than 20 centimeters

on Type 12 impactmachine.
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TABLE1. IMPACT SENSITIVITYOF COMMON EXPLOSIVES

50% Points of RepresentativeExplosives*

Lead Azide

PETN

RDX

HMx

Tetryl

TNT

DATB

9 cm

11 cm

23 cm

27 cm

47 cm

160 cm

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-scaleoperations not involving harsh

treatment.

80-100 cm Moderately insensitive.

160-320 cm Insensitive.

320 cm Very insensitive.
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TABLE 2. SPARK SENSITIVITY VALUES

Sample Joules

PETN 0.19

RDx 0.21

HMX O.23

TNT O.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 sensitivitytest.

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 necessarymaterial to

fully evaluate the sensitivityof the explosivematerial and

the general nature of the chemical reaction. Some of the

performancepropertiesof the explosive can also be evalu-

ated. These performanceproperties along with the sensitiv-

ity and safety of the production reaction will dictate

whether additionaldevelopmentwork is warranted. If fur-

ther work is to be done, it must be outlined in advance and

considered carefully. Authorizationto scale up to larger

quantity productionmust be obtained in writing after a de-

tailed descriptionof the proposed scale-up study has been

presented.
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CHAPTER 5

PLANT DESIGN AND MANUFACTURE

Safety aspects of design, constructionand operation

of a high-explosivesplant are a prime consideration in any

faci”lity.Basically,HE plants are designed with many of

the same componentsof other manufacturingplants. Unit op-

erations take place in nearly the same fashion.

The actual physical layout of an HE plant is governed

by AMCR-385-1OOof the Ordnance Safety Manual. The compen-

dium of data lists safe distance requirementsfor different

work areas by the type of activity going on there. Also

discussed are the basic constructionrequirementsin regard

to electrical wiring, light protection, utilities construc-

tion, fire protection, and several other aspects of physical

layout and constructionspecifications. Another aspect dis-

cussed in this manual is the safe transportationand storage

of HE, which relates directly to any HE manufacturing faci-

lity.

As mentioned, this AMCR (ArmyMaterial Command Regula-

tion) generally governs the above-mentionedtopics. How-

ever, the operators of most facilitieshave established

their own set of regulationsfor their particular plant. It

is rare to find.-these-plantregulationsless.stringent than

the AMCR regulations.
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The operations of these HE facilities in terms of syn-

thesis,mixing, preparationand 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-plantstudies of the particularHE molding

powder being made. A direct example of this is the produc-

tion of an insensitiveexplosive 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 protectionof 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 OccupationalHealth and Safety Administration

(OSHA)Rules. Training of an employee to work with explo-

sives, on the other hand, is usually handed down from more

experiencedworkers 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/plantdesign is based primarily on the mate-

rial being produced. Some basic guidelines are common to

most, if not all, HE productionoperations. Many of these

requirementsentail smooth surfaces? specificallyshaped
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welds, absence of cracks and crevices in equipment, no ex-

posed threads, known gasket material, use of noncorrosive

stainless steel, use of specificallydesigned plug valves

free of any metal-to-metalpinch points, use of gravity feed

where possible, and centrifugalpumps speciallydesigned

where gravity feed is not possible. These guidelinesare

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 impOrtantperformancepara-

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

initiatesother 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 1981). 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.
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TABLE 3. DETONATION VELOCITY OF SELECTED HEs

Explosive

Nitromethane
Liquid

Amatex 20
20/20/40 RDX/TNT/AN

Baratol 76
24/76 TNT/Ba(N03)2

Composition A
92/8 RDX/Wax

Composition B

36/63/1 TNT/RDx/Wax

Cyclotol
77/23 RDX/TNT

DESTEX
7S/19/5/1 TNT/AL/Wax/-
Carbon Black

OCTOL
77/23 HMX/TNT

PBX 9404
94/3/3 HMX/NC/CEF

PBX 9501
95/2.5/1.25/1.25
HMX/Estane/BDNPA/BDNPF

X-0219
90/10 TATB/Kel-F 800

X-0290
95/5 TATB/Kel-F 800

XTX-8003
80/20 PETN/Silicone
Rubber

Density

_@!3

1.128

1.613

2.619

1.687

1.700

1.740

1.696

1.814

1.846

1.832

1.915

1.895

1.530

Detonation Velocity

(mm/ps)

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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TABLE 4. DETONATION PRESSURE OF SELECTED HE

Detonation
Plate Density Pressure

Hxplosive* Material
Composition Dural

d Gpa
1.%3 29.35

Composition B Brass 1.714 28.54

Cyclotol Dural 1.742 31.24

C’yclotol Plexiglas 1.200 12.36

Octol Dural 1.809 33.84

TWX Q404 Dural 1.827 35.27

RDX

TNT

Dural 1.768 33.16

Dural 1.635 17.89-19.35

*compositionof explosives found in Table 3 Detonation of

Velocity of Selected HEs.

30



These sensitivity tests characterizethe HE suffi-

ciently to indicate its usefulnessand safety.

\
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CHAPTER 7

EXPERIMENTALWORK ON BTX

The Reaction

Because 5-7-dinitro-l-picrylbenzotriazole(BTX) is

stable at high temperatures,great interesthas been ex-

pressed in its development. The reaction is a two-step

process in which the intermediatel-picrylbenzotriazoleis

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:

N02

2

A parametric study of time/reactants\temperaturewould be

needed to scale this reaction to larger quantity produc-

tion. The 10 gram maximum productionscale (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 preparationwill be made to apply optimization
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FIGURE4

I
DESCRIPTIONFOR PREPARATIONOF BTX 1O-GW SCALE

Benzotriazole(4;56grams,0.04 mole), picryl chloride

(9.9grams,0.04mole),so6iumacetate(3.2grams,0.04mole),

and absoluteethanol(200ml) are heatedunderrefluxfor five

hours. The mixtureis cooled in an icebath to IO°C,then

solidpro6uctis collectedby filtration,wzshedrepeatedly

with water,and air dried to yield5-8 gramsof the intermedi-

ate l-picrylbenzotriazole,mp 212°C.

Fumingnitricacid (90%HN03) (60ml) is addedto con-

centratedsulfuricacid (40ml) with icecooling. l-Picryl-

benzotriazole(5 grams)is addedto themixed acidsat

5-10°C,and the resultingmixtureis heatedunderrefluxfor

2 hours. The solutionis cooledto roomtemperatureand poured

over ice (0.5kg). The solidis collectedby filtr~tion,

washedrepeatedlywith water,air dried,and recrystallized

from acetone-ethanol.The yield is 4-7 gramsof pureBTX,

mp 263°c.
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results of the 10-gram scale and to examine their effective-

ness. The 10-gram scale reactionwill be used for study be-

cause it is the largest scale explosive reaction that can be

made without written authorization. This authorizationcan

be obtained by writing an AbbreviatedExperimentalStandard

Operating Procedure (AESOP),which must be approved by

knowledgeablesafety personnel. This AESOP will be written

in the course of the study.

Small-ScaleStudy

BTX was prepared on a small scale as the starting

point for study of the production reaction; the reactionwas

based on 0.04 mole quantities. The first preparationwas

done by a procedure outlined in the original synthesis by

M. D. Coburn, Los Alamos ScientificLaboratory (1971). The

product was tested according to the sensitivitytests out-

lined above. The flame test and preliminary impact test in-

dicated an explosive of moderate sensitivity. The drop-

weight impact sensitivitytest 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 immediatelynoted: The reflux times were excessive ar,d

a second crop of BTX crystals precipitatedfrom 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.
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FIGURE 5

BTX-1 DROP-WEIGHT IMPACT SENSITIVITY

Sensitivity

50% Heiqht a

SAMPLE log units cm log units

Type 12

BTX- 1

BTX - 1

Type 12B

1.7010

1.5593

50.2 0.049

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 preparationdescription,

Figure 4) was reduced to one hour from the prescribed five

hours. The resulting intermediatewas 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-picrylbenzotriazolemeasured previously.

The reflux time of the reactionof l-picrylbenzotri-

azol.eand 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 recrystallizationwas 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 sensitivitywere 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 startingmaterial in

Figure 4) from picric acid would be cost-effectiveand
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FIGURE6.

Psge 1
July 15, 19B1

5,7-DINITRO-1-?ICRYLBENZOTRXAZOLE(BTX)

I. PURPOSEOF SXPERIKENT

The proce~ure for the prepi?ration of ETX, a thermally
stableexplosive,is beingstuSiedfor the purposeof sccling
up “tolzrger qu~ntities. The timeand tefiperatureparaeters
for the preparation will be lookedat specificallyfor the
scaling study.

II. OPERATINGPROCEDURE

Benzotriazole(23.0g., 0.2moles),picrylchloride
(4g.6gg, 0.2 moles),sodiumacetate (16.G S, 0.2 moles), and
zbsolute ethanol (0.S to 1.0 liter) are heated un6er reflex for
1 to 5 hours. The mixture is coole6in an ice bath to IO°C-
250C. The solidproductis thencollectedby filtration,
wzshet5 repeatedlywith water,zn6 air 6ried to yie1640-44g of
the intezmetiiatel-picrylbenzotriazole,m.p. 2120c.

F=.ing nitricacid (90%HN03) (200ml) is ad~ed to con-
centrate~sulfuricacid (300ml) with ice cooling. l-2icx7l-
benzotriazole(40 g) is a6ded to themixed aci6sat 5-10oc,
and the resultingmixture is heatedunderrefluxfor 0.75 to 2
hours. The solutionis cooledto room temperatureand poured
over ice (2-3kg). The solid is collectedby filtration,
washed repeatedlywith water,air dried,an6 recrystallized
froz acetone-ethanol.The yield is 35-38g of pureBTX,m.p.
2630c.

1s1. SENSITI~TY OF BTX

A) Imcact

Type 12 - 3S cm
Type 12B - 33 cm

B. -

0.48 joules,3-nil?’oil.

Iv. REACTIONS

H Px “Px
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FIGUREG. (Continued)

h%-2 AEsoP-170
Page 2
July 15, 1981

v. SFJV71’YREQUIEWENTS

The reactionwill be zttende~at .s11timesby a WX-2 staff
men,berin or~er to ensure sefety of ~11 parameters being
stu~ied.

Distribution:
E. L. Flaugh,WX-2
T. E. Larson,WX-2
R. W. Drake, WX-DO, MS 946
L. A. Blackwell. H-3,MS 403
K. Y. Lee, WX-2
H. E. Cady,WX-2
M. J. Urizar
J. A. Sanchez
W-2 File
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TABLE 5. YIELD AND REFLUX TIMES STUDIES OF 1O-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

1 h Intermediate 5.57

48 min BTX/Mixed

Acids

1 h Intermediate 5.63

48 min BTX/Mixed

Acids

4.20

4.31
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eliminate the need to obtain a source for picryl chloride.

This improvementwill be incorporatedinto the study of this

reaction. Also, the substitutionof isoproponalfor ethanol

will be examined.

Scale-Up Improvements

Improvementsto make the BTX reaction easier to handle

and more

1.

2.

3.

4.

5.

6.

7.

cost efficient are listed below.

Substitutionof isopropanolfor ethanol.

Reduction of the reflux times.

Substitutionof sodium bicarbonatefor sodium ace-

tate.

Introductionof a small amount of water in inter-

mediate production.

Preparationof picryl chloride from picric acid.

Maintainanceof heating during nitration below re-

flux temperature.

Analysis of the second crop of BTX crystals that

precipitatewith their characteristicpink color.

These improvementswill be tried on a 10-gram scale

until a satisfactoryproduct is produced. Taking these im-

provements one at a time the benefit derived wil’1be dis-

cussed.

1. The substitutionof isopropanolfor ethanol will

alleviate the licensing regulationsnecessarywith

the use of 100% ethanol, of particular concern

during manufacture.
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2.

3.

4.

5.

6.

7.

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 decompositionhas been seen using NMR

analysis of longtime heating.

The introductionof a small amount of water in the

intermediateproductionwill aid in the volubility

of sodium bicarbonate.

Substitutionof 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 preparationof 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 formationof 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 additionalcontaminants

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. If 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 substitutionof isopropanolfor ethanol, the reduction

of the reflux times to the times indicatedby previous runs,

the substitutionof sodium bicarbonate for sodium acetate,

the introductionof a small amount of water in the interme-

diate production,and keeping the temperaturebelow reflux

during nitration were tried on a 10-gram-scalereaction.

The reflux times will also be studied by taking samples at

specific time intervals to monitor conversionversus 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-

bled. (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 khe intermedi-

ate production part of the reaction samples were taken at 45

minutes, ti5minutes, 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-picrylbenzotriazoleof

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 intervalsduring the

conversion of l-picrylhenzotriazoleto 5,7-dinitropicryl-

benzotriazole. The four samples taken at 15-minutes,
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TABLE6. RSACTIONCONDITIONSANDYIELD

Yield(grams)

Reaction Reaction l-picrybenzo Theoretical

Number Conditiens, triazole BTX BTx

1 5 HoursIntermediateReflux 5.93 4.57 16.73
2 HoursBTX/MixedAcids

2 1 HourIntermediateReflux
48MinutesB’I%/MixedAcids
Reflux

1 HourIntermediateReflux
48MinutesBTX/MixedAcids
Reflux

5.57

5.63

4.20 16.73

4.31 16.73

10.7 16.7312.74 MaterialHandling,
EconomicChanges*

●Changesmadewere:

1. Substitutionof isopropanolforethanolin intermediate

productionstzge.

2. Reductionof refluxtimeto1-1/2hoursduring

intermediateproduction.

3. Substitutionof sodiumbicarbonateforsodiumacetate.with

SmallamountB20addedto aidvolubility.

4. Reductionof refluxtimein the productionof BTXin the

second stageof reaction.

5. Keepingtemperaturebelowrefluxduringnitration.
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?fi-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 05-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 grams of recrystallized13TX. Impact sensitivi-

ty agreed well with the other BTX samples tested

(Figure !3). Table 7 lists the 10-gram runs and quantities

of material produced.

Fifty-Gram Scale Reaction

A13SOP-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 (lO-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

reactionwas somewhat surprisingbecause 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 white fuming nitric acid. Red fuming

nitric acid was used interchangeablywith white fuming (90%
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FIGURE 8.

ETX-5 IMPACT SZYSITIVITY 1

OFFICE MEMORANDUM
ro : JohnSsnchez,WX-2
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TABLE 7. REACTION CONDITIONS AND YIELD

Yield
Reaction 1-picrybenzo

Reaction No. Conditions triazo BTX

1 5 h IntermediateReflux 5.93 4.57
2 h BTX/Mixed Acids

2 1 h IntermediateReflux 5.57 4.20
48 min BTX/Mixed Acids
Reflux

3 1 h IntermediateReflux 5.63 4.31
48 min BTX/Mixed Acids
Reflux

4 Material Handling, 12.7 10.7
Economic Changes*

5 Same as Reaction No. 4 --- 10.4

*changesmade were:

1. Substitutionof isopropanolfor”ethanol in inter-

mediate production stage.

2. Reduction of reflux time during intermediatepro-

duction to 1-1/2 hour.

3. Substitutionof sodium bicarbonate for sodium ace-

tate with small amount of H20 added to aid volu-

bility.

4. Reduction of reflux time in the production of BTX

in the stage of reaction.

5. Keeping temperaturebelow 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 supernatantliquid

was cooled to encourage a second crop of crystals to ap-

pear. No secondarycrop of pink crystals formed. The en-

hanced yield of the reaction,and thus the decrease in the

nitric acid present, probably reduces sol.ubilityof BTX

crystals in the supernatantliquor. 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.
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Reaction

Number

1

TABLE 8. YIELD OF FIFTY-GRAMREACTIONS

Reaction Conditions

Conditions of Improved

10-gr”amReaction

Same as Reaction No. 1

However, heating during

nitration was reduced to

50 minutes.

Yield (grams)

BTX Theoretical

5~e4 83.64

51.9 83.64
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FIGURE 9

SENSITIVITYOF BTX-6 50-GRAM BA~H

SAMPLE

Type 12

HMX Std.

BTX-6

SENSITIVITY

50 % Heiqht c

loq units cm log units

1.4756 29.9

1.6718 48.1

0.083

0.041
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CHAPTER 8

1320NOMICS

The economics of the BTX reaction,while not overly

importantbecause of the proposed use of this explosive in

nuclear weapons, will be examined. This examinationwill

serve to outline overall cost considerationsand prove the

worth of changes in the reaction.

The economic evaluationwill examine the reaction from

a bench-scalepoint of view in 10- and 50-gram batches and

will be extrapolated to a 50-pound batch; the results are

illustratedin 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 substitutionsand different operating

conditions discussed earlier makes this reaction economical-

ly worthwhile.

Typical comparativecosts of other explosives with

similar properties and applicationsare 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. ECONOMICS OF BTX REACTION BEFORE IMPROVEMENTS

Raw Materials

Benzotriazole

Picryl Chloride

Sodium Acetate

Fuming Nitric Acid

Cone ‘2s04
Acetone

Ethanol 100%

10-Gram Scale

in Dollars

0.35

2.39

0.O1

0.38

0.14

0.43

0.79

50-Gram Scale

in Dollars

1.83

11.98

0.05

1.90

0.70

1.04

3.42

50-lb Scale

in Dollars

831.82

5445.46

22.73

35.66

22.07

156.59

2373.20

MATERIALS TOTAL 4.49 19.92 8887.53

DOLIARS/UNIT $ .45/gram $ .40/gram $177.75/lb

TABLE 10. ECONOMICSOF BTX REACTION AFTER IMPROVEMENTS

Raw Materials

Benzotriazole

Picric Acid

Toluene

Thionyl Chloride

Dimethyl Formamide

Sodium Bicarbonate

Fuming Nitric Acid

Cone” ‘2s04
Acetone

Isopropanol

MATERIALS TOTAL
DOLLARS/UNIT

10-gram 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

50-gram Scale 50-lb Scale

in Dollars in Dollars

1.83 831.82

6.80 215.09

0.19 24.57

0.64 192.98

0.005 2.57
0.05 1.87

1.90 35.66

0.70 22.07

1.04 156.59

0.64 291.91

13.80 1775.13
$ .28 gram $35.50/lb
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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 sensitivityand performancewhich

are desired and may be in a more costly class than military

or conventionalexplosives. A list of common explosives for

military and nuclear weapon use can be found in Table 11.

Each has a desirable applicationwith 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.
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Explosive

TABLE 11. COST OF COMMON EXPLOSIVES

TNT

Composition B

PETN

RDX

HMx

PBX 9501

TATB

Dollars/Pound*

0.65

3.50

2.08

6.00

9.72

11.00

45.00

*prices baSed on a minimum production of Qotooo pound.
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CHAPTER 9

RESULTS AND DISCUSSION

The reaction for producing 5,7-dinitro-l-picrylbenzo-

triazole has been studied. The 10-gram scale reactionwas

looked at first while the setup for a 50-gram scale run was

worked out. The experience gained from the 10-gram batches

became invaluablebecause a run could be easily completed in

the laboratory. The informationgained 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 substantiallyreduced.

Reduction in these times to one fifth during intermediate

production and one-half during nitration is economically

valuable and also aids in productionof a better product.

Several other changes were made to the reaction,which

are significant to the increasedyields obtained. The

changes listed here are summarized from an earlier chapter.

1. Substitutionof isopropanolfor ethanol in the in-
)

termediate (1-picrylbenzotriazole)produc ion
1

stage.

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

during the intermediateproduction stage.
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2.

4.

5.

6.

Substitutionof sodium bicarbonate for sodium ace-

tate.

Addition of a small amount of H20 to aid with

volubilityof the sodium bicarbonate.

Reduction of temperatureduring reflux (heating).

Temperature should be kept 5-10°C below reflux

in order to discourage decompositionduring the

nitration process.

Heating time during nitration reduced to 1 hour.

These improvements were incorporated successfully into

the lfi-gramscale reaction and produced BTX at more than

twice the quantity previously achieved. Sensitivityand

analytical techniques indicated that the BTX produced was of

good quality.

TWO so-gram batches were produced using the same im-

proved procedure developed for the 10-gram batches. In each

case, the quantity produced compared well with the 10-gram

hatches.

For large-scaleproduction,a batch process is more

reasonablebecause of the nature and characteristicsof this

HE. A less sensitive explosive would be a more reasonable

candidate for a continuous or semi-continuousprocess.

The production of picryl chloride by chlorinationof

picric acid was another step that might be profitable. This

process has been studied before for another applicationand

should work well in the BTX process.
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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. Tven on a small scalet 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

primarv crop of white BTX crystals at a melting point of

26?0. 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°0 Impact

sensitivityand elemental analyses indicated that these pink

crvstals were BTX. The enhanced yield of the improved reac-

tion reduced the volubilityof the BTX crystals in the su-

pernatant liquor and thus, this second crop phenomenonwas

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 developmentwork 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

applicabilityof BTX will dictate whether more development

on this explosive will be done.
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APPENDIX A

EXPLOSIVE PROCESSING SPECIFICATIONS
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“Thisequipmentis to be usedi~ +e ==mfactuzeOf*highenergy.
cxp1,0sives. S={etyzspects of desl.gnznd conscructlonare z prim
consideration. It is the intent of this.?ecfiicationto procrrc
equipnent that is free of any wids, pockets, cracks, or metsl.to.
metal pinch paint ~>nereminute explosive crystals could possibly
collect, or grow, and be su?)jecredzo mechanical press=reswhich
could initiate a detonation. The cx?lcsive qlso tends to pre-
cipitate from a ‘slurryand form a build-up on surfaces;hence
rough surfaces, ledges, etc.$ which cid in the build-up of coating

$
znd make cleming difficult) shzll be moided. While it is not
easiblc to cover in detail every desi~m situztionl~hichray arise,

the following exmples should su~fice to reflec’tthe foregoing genezal
xequiremnts:

1. Lap joints with fillet welds axe not permissibleunless
the lzp is shorr enough for the penetrationof the
opposite fillet welds to fuse into one snother (so there
is no czevice bemeen the Izp?ed surface of the parent
metals).

2. Butrweldson thin metzls sF=ll be full penetration and
back welded. Butt weltieiheavy stock shall be beveled?
or double beveled, and bzck ~elded. Enough beveling snail
be provided so that welds froa opposite side completelyfuse
with no voids or cracks.

3. Whexebutt welds terminzre at an edge, except Where the
pazent metal is too thin to allow it, the weld shall be
run aczoss the edge to the other side.

4. Welds on “wetted” surfaces shall be ground smooth.”
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STADARD S??XEICATIOS S7ATZ?5N FOR
EXPLOSIVEMNUFACTURIM EQUIZ?ENT(No. 2)

(For Air/Gas Moving Eouipaent)

‘Yhis ●qui~ent is to be used in the rn.znufzctureof high ●nergy ●xplosives.
Safety aspects of design and construccioaare a primeconsideration.It iS

the intent of this specificationto procure●quipmentthat is free of any
voids, pockets,cracks, or metal-to-metalpinch pointwhere minuteexplosive
cryscals could possiblycollec”t,or grow, and be subjectedto mechanical
pressuresvhich could initiatea detonation. While it is not feasibleto
cover in ciettzil ●very desisnsituationwhichmay arise, the following ●xamples
shouldbuffice to~reflectche foregoinggeneralnotes:

1.

2.

3.

4.

5.

6.

7.

8.

9.

Lap jointstith filletwelds are not pensissibleunless the lap is
short enough fo: the pen-etration of the opposite filletwelds to
fuse into one another (so thereis no crevicebetween the lapped
su:fzceof the ps:entmetals).

Butt welds on thinmetals shallbe full penetrationand back welded.
Butt ue16ed hecvy stock ahallbe beveled,or doublebeveled,and
back welded. Enoughbevelingshallbe providedso thatwelds from
oppositeside corspletelyfusevith no voids or cracks.

where butt velds teminate at an ●dge, except wherethe Parent metal
is coo thin to Z11OW it, the weld shall be nan across the ●dge to
the other side.

welds on surfacesexposed to gas streamshallbe ground SmOOth..

All welds shall be sound,continuous, and full penetrationhaving~
pits, cracks, crevices,undercuts,bl-~oles, or voids of any sort.
Slag ●nd spatterare absolutelyprohibited. See attached●ketch for
typicalwelded joint constructiondetails.

Minute“cracksand crevicesnormallypresent in standard ●quipment
const~ction aze not acceptable.

NO threads (pipe,screv,●tc.) sh=llbe permittedexposed to the gas
stream. Bolt heads are acceptableif aelf-lockingnuts are used
oucside the gas stream.

Gasket material, if used, shall be 1/8” thickred nzbber conforming
to ASTHD1330.

SeeXDC Sketch No. IW for some typicalweld jointdetails.
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*
Piping:~zbncztioa,ErectionandTensg

I
3-2’S
P2re131

IS~Of 11pages

.n.

3.

c.

D.

z.

SCOPE

A-1 TM Piping S’atzrf! ;rescribes gese=l req~i~e=m= for ‘&e :zbricztion
erectioa2~dtestiagofpi?iagEyste=s,oe=i!sof w“zich are specified.
on EDC ?ipkgS-aE%rds m! PiphxDi2~i=s prepz~ed foz *e
pz:ticulzr type of system unde~ coEsi6erztioa. Whea s’~izless steel
is imolvec, r~fer also to DC P=giiee=2ig SadZrd B-2% p2ges 101-Ioz.

~T>_\~.<p&~S~hm SF~Cr~~CA~]ONS

s-l Ualessothenviseaoted, referencetoanA=rf= St=AZrd,ASTN
Speclfjcztion,ozEDC~adad is to be the ktest revisioa of thzt
Saxvizrd or $ecificztion 2s approveti by the hoc:; coace-med.

S-2 De-=!is aot s?ecifiet axst co=?]? wi’A tbe 2#czble sectioa of ‘Ae
USA3-31 Cooe for PressL-e Pi?tiE,2s aoteci is the p=ticuk EDC
2z=2?6 uxier ccxi6er2tioZ

==’‘=E.ES AN) TZ3fPZP.kTY?.ES.------

c-l ~~E~s o*&efi.~espec:ffe~,pressti:esrefexreotib 21.1Piping S2&23i5
ZXJ6?ipisg” Di27=s zree~ressedinPO=6S per sqiazre inchzbove
a~csphe:icp~essure, L e.,. psig, ad zll t=riper=ures =-e expressed in
de~ees F2hre*eiL

MA.TZI?MLS

D-1 AU =terizlsusedsh-zllcc=plyuit!I z!I o! the requi:cse=% of ●&e speci5-
catio= called for m the applkzble F=C Piping Sandard; drzwfag, or
carltrzc.

D-2 COZ=2C?JXshall secure tie approvalof the desiG2ted EDC kepresexative
before rmking zny substfmtioas.

PI?5 TH?rADS

E-1 Alltbre2ds02pipe, valves, fittings, etc., sldl conform to Anerirxm
Srandard for ~per Pipe T&ezcis (USA B2. 1) Tmeacs shill be well-
fo=ed, smooth, =d thoroughly clesn.

HOLSTONDEFENSE CORPORATION 4
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-— - -- .
C. J. Fouler I

1s0 ?SIG a:

3. -VT?

3.1 Iasi6e

3.1.1
and pickled a.n~

3.1:2

4.1.1 All flttfsgs conveykg vzte=-explosivesslu=ies shall be annealed
and p:ckled.

4.1.2 ?LtzL~gs conveying zcls!-explosivessltxzies~+ere cozting is
p?tva~eriL, such as dilution li~wr aod Ch=ical 522, shzll be.annealed znd pickled
●nd hzve ● roughness not to ●xceed 15 R!!S-ZU.fn. ●s desc:ibed in ti*SlStzn6ard
%6.1. The “Eiectro-Glo”electropolishlrrgprocess ap?lied to ~111-f~nishedpipe
1s an acceptable f%nisb.

4.1.3 Sczeved pipe csnmctions are prohibited on all.explosive process
lines.

4.2 lm through 3“, shop-fabricates!pipe terns shall be used vherever possible
instead of butt-welded purchased f.ltxlngs.These pipe turns shsll be made

llds do=ent isthepmpe:~. ofl+olsmn Dde~se Co?o.-.tion zno:thehe LMted S”=tes
GtNe?aent and raust notbe used except fa cc-~ectioa w4tb IiDC or tbe D. S. Gove~~ent
work. All rigkts of desl~ or lme=~on are zesemed.

.*
HO15TONDEFENSE CORPORATION 1—.

.“-o ”e. .8”m ●*a Wnban
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6.1.4

5.1.5

6.1.6

6.2

Tve Size

?Iug, Stx.eig!lr-k’zy 1J2**-61!
,

150 lb .,type 316 XCL st.?inlesss:eel bo6y end p~ug, flangedends,
150 ib , AKSI B16.L, i?~ Sleeve-linedCOP and bet:= c.sps304 st~i:lesr
steel, top ~nd bo;t= cap bolt 304 s:~inlesssteel, top and bctte- CC?

mt 304 s:zinless s:eei, 17Z t“n=sc=shes, ?-djus.:iagsczevs&nd nut
333 steinleos steel, ‘i?Eba::ca di~?k:z~-,non-lub:ica:edvi:h device
to ~o>nti plug to body. %pecify cpe:ec:ng=ench to be isclw!ed,
~~~5 ~alve is t. b, =ocif~t~ L-f.:h ~ NC adju”sti~g pksger a~d weep nole:
es sho=n on detsil i= Rec. 50.5. Shell””oeDur~zonCo.,B~rcoTypen
sleevelinevalve.

Plxg,Tlmee-uey 1/2’’-6”

150 lb , type316ZCL staialess steel body End plug, flangedends, liSO
lb , AMI B16.5, ~Z sleeve-lined,X4 stzinlesesteel :op cap end
ac?fus:ervith 304 stzialess.steel bolts zti 303 stziziess steel nc:s,
r.on-lzbric~ted =Iih de~ice zo gzczrd ?Iug to bo2y. %?ecify opeze:;ng
%~encisto be inckxied. S.hll be Lkz% on Co., Du=co ~~e ?G sleeve-lined

.Zie~ by ~~gi~ee:ing?SOCtSS Pi?<=valve, ~=ar.geaeat to be s?ec.-
spec~~list.

Flug, Thzee-h’ay 1/2’’.6”

L50 lb , type 316 stainlesc steel b~y and plug, flsngede-ds, 150 lb ,
~xSI 316.5, ~-, sleeve J3-titiiapl+a~,cove: End :3.::s:C0116:to be
304 staialess steel, type 304 rx!jus:i~.gsc:evs,aorviv”=kated s“i:”k
device to ~v~nd plug co boc!y. +Specify ope:~t:ag\=encb to be $=cLuded.
Cle&=ances beween ‘=etzl-to--=tzlco:t.ectpoic:e tc be :elieved~~_
sha= oa detail in Refezence 30.7.

.--.-.-—.
Shall-b%xo=cxCC=P.fi:i:~tzi~.-ios~.

(Specify plug r-r=aageneat.)

Dizph=zP Valve, Tvo-lJEy 1/2’’-6”

Z-tes$ ~teel po~ished body, Fmdwheel-ope:s.ted,150 lb , type 306 ste...-
non-ris<ng srea vith Tell-Tale t:evel stop, poc!it%oniadicato:ant!
travel stop bonnet, flexge< ●tis, 150 lb , ANSI 316.5; the :ollovi:~
dhp$=~g=s shail be used as :r.dicated.

DtiuhzEr= No. Descr%~:ion Se=ice

0-1 Teflon.paced Neoprene For se=vicescoctaiairu acids
or solvents

l$;~anndplaat Ethylene:=o?ylene For p=oces8es not contai=hg
COPOIJ=: (Rhi:e) ●cIds or solventa

M-2 Xel-F-Solid Fo: specitl products

l’f~ImaplastA Tripolyene (Black) For se-ce in weak ●cetic
acid eo~:aid~ CXp10SiV88

%ec: operators shall be uoed on 4“ ard 6’1size valves.

TIJs dcxx==entfstbeprvpew oinolstsmueleme Corporaaots and/or the Uzltecl States
Gove==~atlxl.rzuut notbe”uaedexceptinco-ct!on~th HDCortbe U. S. @ve~erA
work. A12rigMofdesl~ or invention&-ezese~ed.

I+CX5TONDEFENSE COZF’OFATtON
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2.

:.:

2.2

D.

c.1

c).2

0.5

9. L’

c. 5

0.6

n. 7

ID.8

iO.?

ic.10

iU.11

i0.12

;0.13

Thisdoctment istbep.ropeny of Holston Defesse Corporation and/or the United States
Gove=-meat ad mustmotbe used exceptin co~ec~oa with HDCor the U. S. CioveP_ae:t
work. Al] rightsofdeai~ orjnventionarereserved.

liOMTOt4 DEFENSE CORKXUTION 1
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i

Note: (1)

(2)

(3)

(4)

(s)

These aodificztions, i.e. Tenoz sp=e:, rae*~l clearssnce, and weep bole, are
requiredbeforethisval$eisi~-alle~
fiisvalveshallmeet the electrical Cc=*&tit)”test (described in Nics= B-29,
Par. 6.1. L, Pages 501-508) before beingplaced in sewjce.
Al] man=] valve opemtors furnishedbytbevalvevendorsld.1bepersaaently
attachedtothesun by a set screw or machine bolt.
Valve materials stall be 2s describer! in HdCS-S B-29, Pzges 501-50S,
Par. 6.1.2.
This valve is referred to in Hdcstan B-29; Pages 501-508, Pas. 6.1.2.1
and Ref. 50.2.1.

HOKTON DEFENSE CORPORATION
tNOIMf?r!” ~ tTAbf BAIS
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ml

metal Clezrace
points be-ten
\“Z)Ve body X0

itiaua.

1/
in

J r

Xozes :

U“;lh

(1)

(2)

(3)

(&)

(5)

\\.eep hole J

TUFLINE PLUG VALVE
FIG. 067

Px)cess Pi?iag Syste=.
This velw shall Z=Ct tbe electrical conthul:y test {6esc:ibeCin
IMcs%en 23-29,Pages501-506,Fkr. 6.1. 1) before beirg placed in scmice.
U -—real tive operc%ors fwnished by ‘the v=lw ven50r shell be
pe~=nently at.%=hek to %he s%ea by r. se: screv o= ~-h:ne bolt.
Yalvc ~te~k-. shalJ be as described in idcstan S-*, 7kEcs S01-50S.

HOL570N DEFENSE COUPORATION

501-508, Pam, 6.1.3,

9a“.IUtIItM ● $1A M●A aD
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&/.1

-. -—E.— + ,-. . -

F@2ce aetzl zdjus-~

pkger u~th z PVC
p!u2ger:

\~\
~1/4”’ Drill 2 weepkales, 180° zpzrt.

DURCOSLEEVELINEPLUGVALVE.-
TYPE FT

(5) ;~~;~~~js refe~-ed to in Hdcsan 3-29. Pzges 501-508, Pzrz. 6.1.4,
arid Ref. 50.5.

fM@\9C:t SlUC “ .90 Atb
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Pzcli the !-3!0e of \“21ve

4 weep holes,

HILLWvlcCANNA SAUNDERSVALVE
DIAPHRAGM TYPE

HOLSiON DEFENSEC~m
QMSIM18*IU,I?AW9AC8t
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F&es: (1)
(2)

(3)
(k)

(5)

(6)

TUFLINE VALVE
FIG 037

(THREE-WAY) . .

508. Ps=. 6.1.6.
TM valve h =e:e=ed %0 in Kdcstsn s-29, Pages 501-508,Pa=.6.1.6,
and Ref. 50. ?.
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1. P:V?POSE

nis sr=kar~ oescri$es th mkimm rwi=mmts for a pump that is ss.fe for
pun-ip!ngexplosives s!c::y 501utionS.Thist!~eofpu=pisiate>dedfor new tad
replace..eztexplosh-esslurr~”ins=llztjoasi.=Ex?losi~”es?roduc:ionDepartment,
Zuilc!ings“’D’”through ““H”anti B-LineWwlica:kmsfrm c:ude Chemical 522
recei~”ing ‘*s th:osgh the f:zal sludge and sett!ing Mi!s.

2.1 This specific=tioa covers cenirifu@ slurm Pur.ps for ~se in the t=a3sftr
of ex~losh-es. .411we~ed parts sM1 be s~inless steEl (See Paragraph
4.1 for clesc=iption. ) unless otherwise specified.

2.2 Thiss?ecificztioadiffersfrc=ordinzry-. .clfirr),pc~~sinthatmetal-to-mea
pinchpohtsareelhniaaied.Inaciiitioz,zreaswbe~eSOMS may accunulzte
(suchas cre\-ices)zretobezvo~ded.Pipethrezds,screwthreads,or
bcl”bg=ay aotcozacttheprocessfluh!.

2,3 All hfo.rrn2tioz concemiag operating fi== v.ill be co=-dned fn the indivjdua]
orriers zno shll ccas-itu’- a p2rt of this specification.

3. cOXS’iRUCTION

3.1

3.2

3.3

3.4

The ~uxnp shall be of the horizontal mocnted type designed with a single end
suction and a single vertical discharge. The impeller shall have cloclmvise
rotation when viewed from the cocpling end. e..

All parts of Zbepump which come in comact w5t$.’theUqifd must be free of
pits. - . .

Be-usetheslurriesksndledzreexplosives,1/16”“(.062”)clezranceshall
beprovjdedbetweenmovingmetalp2rtssuchastheimpellerand casing.
There must be no scrzping or contact of me’als while ruxg and adjustment
must be provided ●4 maintaio the clearance. Crevices fomed %Ytwo
uagasketed stationary pa- muN be at least 1/8” tide.

Where a shaft sleeve is used, the sleeve must extend through the stuffing
gland. Tbe impeller and shaft sleeve shall be a single unitj either cast-
as a single unit or fzb:icated by welding. The impeller and kleeve, cball
be a one-piece balaxed unit uhfch *hreads orm the pump shaft and extends
througb the packing gland so that there are ~ separate nuts, keys, pins,
etc. , exposedon Ue wetted end of the impeller. Tbe impeller-sleeve

This doc=ent is the p~e~ of Holston Defense CorponLtion aad/or the Unit+sd 3M,M
Government aql xnust not be used except h coxinection vdth XDC or tbe U. S. mve~nt
work. All tigbts of design or invention ue resewed.

l+O15TOt4 DEFENSE CORPOUTION
8MOIWII:IM0 I! AMDAt D
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TO : John Sanchez, hT-2

LOS ALAw.OSSC!F.MT~rlCLbEC~A70H
Wlvr.ns!?w0s cAL!reulA

LOS ALA”=. wC- MSXICC t?-

OFFICE Memorandum
DATt: 7 August 19&l

rRoM : ?l. L. Cpwy

SUSJZC?: kIpact Sensit$ViZy

STX 1.7010 50.2 0. W5

TVDC12B

m 1.559 36.2 0.089

L%-:-T43
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TO : J. Sanchez, L.-2

Fmou : M J. Uxizer

SUEJECY: ImpaCt Sensitivity

LOS ALAMOSSCIENTlrIC LAeOmATORV
UWIVCWI* or c&&lvms,&

L05 ALAMCS. wC- UX,co ,$M

OFFICE MEMORANDUM

SYMBOL : W-2

SA?!PLE

Twe 12

m std.

BTX-

T~ae 12B

E?x Stf!.

MX-S-3

ETX-S-1

OAVE:28 August1981

S~”SITIVIn
507. Reieht c

10E U:<ts m. —Ioc units——

1.5426 34.9 0.045

1.7010 50.2 o.o&9 81618a

1.5801 38.0 0.0S6

1.6468 &4.3 o.o&7

1.55.53 36.2 0.089 8/6/81.

a

M’/’. .
9 #f&-

M. J. Urizfz
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OFFICE MEMORANDUM
to John Smchez, RX-2

raw : M. J. Wlzsr

SUEJECT: U8ptct SensitiviQ

SYMBOL : VX-2

ShX9LE

TvDe12

M SCSI.

BiX-6

DATE: 21 Octobe:.1981

n“snivi’m
56X liei~ht c

loe units m 10= C?lirs——

1.4756 29.9 0.OE3

1.6718 48.1 0.041

W-2-F-43
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APPENDIX C

EXPERIMENTALANALYTICALDATA

Elemental Analysis of BTX . . . . . Pgs. 82-88

NMR Monitor of BTX Reaction . . . . Pgs. 89-100
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ELEMENTAL ANALYSIS RAW DATA

WC (u)

wt.I$o

w C02

$C An.

$2 AYS.

●
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d q 25,30

3q\ 1s
I *CY



T,

I
\ ...

~’””’

/

I
,

,

i
I

q:l

4-ry
--- . .,

;. 2.?4

r’
$; -

G’$iL#
!F;
2i:~,F;
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l...,.,

~’”
STOP

HEIGHT:!
HEIGHT TYPE NVHT HEIGHT::

3!;5 45485 PB 8.246 lbCf.6@b

TOTAL HGHT= 454fj5
I!UL FRCTOK=1.N@bE+t@

[m’
r.

c— 3.$3

7

:,.1?
&

$1
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i

T074L HSHT= 12274
EUL FACTOR= ; .GMIE+5@

N
- . .. . ‘4.16

:1,.

3$4
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i

I

1

TOT&LINHT= 2CZ24
RIJL FACTOR= 1.13fM3E+86
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Figure C-L First Run NMR BTX



.

-.—
;...-:---

-
.-

-
-

—
.—

.
.

-
.

.
.

.
.

..
.

.
-

----
.

.
.

.
.

.
.

.
.

.. .
.

.
.

----
.

~
=

:=
=

:=
--=

=
=

:-
--=

-
:

.
-----------

-
.,.-.,..-

:
----

-
-

.
-

.
-,.-

..-
-.

.
-

-
-

.“
:

-.
-.7

-.-.:
:

=
7

”::
-

7
7
-
.:

Y
-

-
:
.

-
-
-
-
-
-
-
-
-

-------,..”-
;

==:=.
1

---

~—
-”””—

–-
5::

“=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

....
..

...—
—

—
=

=
-----------

2
2
z::2

-
~=========z----

-
:

=x
r:=

-
-

..--.=
a

.
------

~
----------

-.”
-----

.
-----

*

--------

\
%

.
.

..
Q

.
,

-
.

...
.

-—
-—

—
--.—

-
..-—

,—
-—

—
.

-
--

..<

I
.

.
,---—

—
d----

—
..-..–-

----
—

–.–.—
-

-.—
-.

.

-
-

-

.
.

-

—
.

.
.

-- .
.

..
.

...q.

.-
--

..-
.

~

-
-

..—
-.—

.—
-

.
-

-
.

—
---

.....
.-

—
.—

—

‘“=---”--7
-

.----
..----

—
—

--
—

.

-7 -.—
-----.?.
-.

—
:*.

.
..

i
.,-?

!+.!u
--.

.

-
..

●

oL
1

?.?IA

*
-

..
....

.....
.—

....
-.

—
-.—

.
—

—

90



<J

----.---...~
.

‘+7.

91



----
-‘---7

Y
>.

1
I

.I

.

r.

92



, I.,

..
\. .

r ..- .,. . , . . - . 1 .#

.
~:

f
i

i
!

i.,
./”

)

... ..

— ....

) u IL A N i

.s I

/

\u{l[\].

Figure C-5. NM? Intermediate1 hr. 5 min.
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Figure C-7. NMR Analysis BTX Run 4.
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Flaure C-n. NMR Analysis BTX Run 4 60 min.
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