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FOREWORD

This investigation dealt with the development of a pro-

cedure for the hazards classification of in-process explosive
and propellant materials.

D. R. Morita was the IITRI project engineer during the
initial, analytical phase of the study and was the primary
contributor to the first part of this report. D. Kalkbrenner,
aided by J. Mavec, was responsible for the experimental por-
tion of this work. In addition to the authors, other IITRI
personnel who contributed to this program were R. Pape,

A. Goldsmith, J. Daley and M. Amor.

NTIS CERCR Y
nee STy B
UNANNRA, 4
[ Y14 Ty

e i

L4 O

RRETY .

- e
- e Tress

=
T, Aies®e & of 2 "’:_1

5




e Tr—

-

TABLE OF CONTENTS

SUMMARY

INTRODUCTION

A SURVEY AND REVIEW OF CURRENT HAZARDS
CLASSIFICATION PROCEDURE

Hazard Classes
Hazard Classification Procedure
Quantity-Distance Requirements

DEVELOPMENT OF CRITERIA FOR EVALUATING
THE SENSITIVITY OF IN-PROCESS MATERTALS

Survey of Accident Reports

Analysis of Accident Causes
Analysis of Accident Consequences
Development of Sensitivity Criteria

DEVELOPMENT OF PRELIMINARY HAZARD
CLASSIFICATION PROCEDURES

Preliminary Procedures for In-Process Hazard
Classification

Testing

Interpretation of Results

EVALUATION OF SELECTED SMALL-SCALE TESTS

Selection of Small-Scale Tests to be
Evaluated

Selection of Materials used in the Evaluaticn

Discussion of Detailed Evaluation of the
Selected Tests

Transition Tests

Impact Test

Friction Test

Dust Test

Dust Explosibility Test
Electrical Properties Tests
Electrostatic Discharge Test
Thermal Test

CONCLUSIONS AND RECOMMENDATIONS

54

54
54
59

75

75
76

76

17

94
104
109
116
121
132
138

149

R TERO—




TABLE OF CONTENTS (concl)

REFERENCES 151 3

Appendix A, Summaries of Selec:ed Accident Reports 157 4

Appendix B. ®valuation of Small-Scale Tests 179 1
3 DISTRIBUTION LIST 217 b
1 |
- i
1 y
1

0 it T——




LR e

|
E
|
E
b
:
:
:

LS 7 A Al et 0 5 O -

Table

10
11

12
13
14

15
16
17
18

LIST OF TABLES

DoD hazard classes and typical items
assigned to each class

CPIA/194 hazard groups for liquid propellants
(Ref 2)

NATO-UN hazards classes

Correlation between DoD, NATO-UN, and
CPIA hazard classification schemes

Criteria for assignment of articles
and materials to the proper NATO-UN
hazard division

Minimum UN-NATO distance criteria

Pressures at the class 2 quantity-distance
requirement for various TNT equivalencies

Automobile window damage during Eskimo II
tests (Ref 23)

Probable causative stimuli for accidents
occurring in specific process operations

Accident effects analysis

Impact sensitivity means and s+andard
deviations for various sample populations

Friction sensitivity means and standard
deviations for various sampie populations

ESD sensitivity means and standard deviations
for various sample populations

Thermal sensitivity means and standard
deviations for various sample populations

Imy:act sensitivity criteria
Friction sensitivity criteria
Hazards classification sensitivity criteria

Descriptions of potential hazard classification
tests

Standards for classifving materials
Hazards classification sensitivity criceria
Tube characterisiics

Critical diameter test results

Page

10
18

21
30

32
37

39
40

41

50
51

-
S

57
62
67
17
83

-




e il . T —— L e R R A e SRR N
< T — — «
4 4
y &
] £
|3
?
LIST OF TABLES (cont) ;
Z
F
Table Page %
23 Velocity calculations for critical s,
: diameter tests 88 ,
4 24  Critical height test data 92 E
25 RDX impact test data 100 %
26  Fropellant impact test data 101 i
27  Friction test data 108 {
28  Ignition and explosion data for f
explosives and related compounds 119 j
3
29  Conductivity of pPropellant materials 127 ;
30 Measured capacitance versus frequency 130 ;
31 Computed dielectric constants 130 ¢
32 ESD test data for black powder 14¢ a
33 Statistical surmary of ESD test data ‘
for black powder 140 : ‘
34 Thermogram dara analysis for determining . |
activation energy of M30 pellecs 146 e~
A-1 Sumnmary of selected accidents which 4
occurred during Pressing operations 158
A-2 Summary of selected accidents which
occurred during mixing operations 163
A-3 Summary of selected accidents which
cccurred during casting operations 165 E
A-4 Summary of sclected accidents which
ociurred In a reactor 167
A-5 summary o! selected dccidents which
oceurred during conveving operations 168
A-6 Summary of selccted accidents which
oceurred during drving operations 169 B
A-7 Summary of selected accldents which
occurred during 11l ing operations 171
A-8  Summarv or selected scefdents which
occurred during screening onerat fong 173
A=9 Sumrary of selected aceldents which
occurred duriny aachining operations P
i
*




ikt pm s ok S

i S

Wi b iin (e cniey

—

Table

A-10

A-11

LIST OF TABLES (concl)

Summary of selected accidents which
occurred during meintenance operations

Summary of selected accidents which
occurred during storage

Comparison of {mpact apparatus and
test results

Page

177
178

188




10

n

12
13

LIST OF FIGURES

Current bulk composicion test
interpretation scheme (1967
revision of TB700-2, Ref 7)

Inhabited building quantity-distance
requirements for DoD hazard classes

Inhabited building quantity-distance
requirements for liquid propellants
based on CPIA hazard classifications

Power curve fit for group IV and clasgs 7
quantity-distance requirements

Distance at which structural darage
occurred for the accidents on which the
American table of distances was based

Fragment distance of the accidents
which were used as a basis for the
American table of distances

Maximum fragment distances for accidental
high explosive surface bursts (Ref 2)

Relationship between class 7 and group IV
quantity-distance requirements, free field
blast overpressure and maximum fragment
distances for accidental high explosive
surface bursts

Distance at which giass fragmentation
occurred in the accidents used as a basis
for the American tsble of distances

Probable causative stimuli for accidants

occurring in specific process operations
(all materials)

Probable causative stimuli for acci{dents
occurring in specific procese operations
for two types of materials

Accident effects analysis

Impact sensitivities for population 1A
and population 3 materials

Impact sensitivities for population 1B
maievials

14

16

19

23

25

26

217

28

35
37

43

44




-

LIST OF FIGURES (cont)
Figure Page

E 15 Friction sensitivities for population 1A

and population 3 materials 45
b 16 Friction senritivity of population 1B
: materials 46
E
: 17 Sensitivity to electrostatic discharge
i (ESD) for population lA, 2 and 3 materials 47
l 18 Sensitivity to heat for population lA
: and population 3 materials 48
E 19 Hazard classification test flow diagram 56
' 20 Preliminary hazard classification worksheet 64
! 21 Sample classification problem 70
i 22 Relationship between the example threat

distances and the current DoD quantity-

distance vequirements 74

23a Critical diameter test apparatus velocity

i from resistance probe . 79
? 23b Critical diameter test apparatus velocity
’ from ion probes 79
k 24 Critical height test apparatus 81
! 25a Continuous prcbe data for M30, 4.9 em I. D. 85
f 25b Continuous probe data for M, 3.5 cm I. D. 85
i 25c Continuous probe data for M26, 1.99 em I. D. 86
£
; 25d Continuous probe data for M1, 4.92 cm I. D. 86
k 25e Tonization probe data for M26, 0.851 em I. D. 87
E 25f Torization proba data for M1, 2.57 em I. D. 87

26 Detonatior velocity versus charge diameter
for unconfined charges (from Ref 40) 89

27 Reaction front velocity versus pips i{nside
diameter (from continuous resistance probe
data) 91

ARt L e o by

: 28 Impact test machine (inciuding friction test
t adapter) 96

29 Impact test dats of force versus time (no
explosive in cup) 97




LIST OF FIGURES (cont)

Figure Page
30 Analysis of impact sensitivity test data
from force versus time measurements 97
51 Friction test machine 106
32 Dust test apparatus 111
33 Schematic diagram of Sinclair-Phoen.ix
forward light scattering photometer 112
34  Schematic diagram of dustability test cirves 114
35 Hartmann dust explosibility test apparatus 117
1 . 36 Test configuration for electrical properties 125
] 37 Typical electrostatic discharge test 134
38 Schematic circuit diagram for electrostatic
discharge test 135
i 39 Determination of 50 percent probability
of ignition energy level, for ESD 139
‘ 40 Determination of 50 percent ignition
energy from experimental data (example) 141
41 Typical electrostatic 50 percent fire curve
for "Z" propellant (from Ref 53) 142
42  FExample thermogram 144
43 Determination of slope n for data in table 34 147
B-1 ABL friction tester 180
B-2 Friction testers 181
B-3 Brown's suggested test for viscous friction 184
B-4 Laboratory impact tests 186
B-5 Different impact testing machines 189

B-6 Comparison of impact sensitivity test
results from different impact machines

and material forms 191

B-7 O0D4481]1 adiabatic compression test (Ref B-1) 192

) B-8 Dusting tests 194
B-9 Weight method 195

! B-10 Laser method 195




o ]

™~

T T [T

jo-

Figure
B-11
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19

LIST OF FIGURES (concl)

Transition tests (Ref B-9)

Typilcal electrostatic discharge test
Impingement tests

Electrostatic discharge test
Conductivity test

Permittivity test

Breakdown strength test

Flyer plate test (Ref B-13)

SUSAN projectile (Ref B-14)

ST L SO




SUMMARY

There are many deficiencies in the current hazards clas-
sification schemes. Sore of these are related to the clas-
sification procedures, some to the implementation of the
procedures, and some ts the final usage of the assigned clas-
sifications (quantity-distance). The most significant of
these deficiencies are the following:

1)

2)

3)

4)

The DOD hazard classification system nominally
offers seven classes to which a material can
be assigned. However, most materials of the
type found in a manufacturing process are as-
signed to either Class 2 or Class 7. These
two classes do not cover the range of hazards
associated with in-process materials.

Class 2 is supposed to include materials
which are only a fire hazard. 1In actuality,
however, Class 2 materials can experience

low to medium velocity detonations and ex-
plosions as well as fires. The hazards as-
sociated with such detonations and explosions
(fragments, hlast overpressure) are not cov-
ered in any of the quantity-distance require-
ments associated with Ciass 2. Even the
ability to protect against fire hazards is
sonewhat marginal since asymuetric burning

is not considered.

Class 7 is supposed to cover mass detonable
materials. The assignment to Class 7 however,
is based only on tests of small gquantities of
material. Therefore it is possible, in some
cases where there are large critical diameters
or heights, that mass detonable materials are
put into Class 2 erroneously. The quantity-
distance requirements for Class 7 are Inade-
quate. They provide only for minimizing
structural damage and do not conside: human
casualties which could occur due to impulse,
fragments or glass breakage.

The Class 7 distances were based on the dis~
tances specified in the old American Table
of Distances. This table was prepared from
data on 117 accidents from around the turn
of the century. Most of the materials in-
volved 1In the accidents, especially at the
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higher quantity levels, had TNT equivalencies
less than one. A prime example is black pow-
der with a TNT equivalency of about 30 percent.
Thus, che pressures that are experienced at a
given distance were generally less than would
occur with today's materials, which may have
TNT equivalencies in excess of one. In addi-
tion, it was apparent that the decision not to
include fragment and glass brea’ ipe hazards
was made at this time, as none o the data on
these hazards were utilized.

During this program, the most probable auses of an ac-
cident were identified in an accident analys._s;. The causes
varied with the process operation and material type. However,
friction, impact, electrostatic discharge and heating were
the most commonly identified causative stimuli.

A comparison was made of the ignition sensitivities of
materials involved in accidents with those of other materials
not involved in accidents. Statistically significant differ-
ences in sensitivity for the two groups of materials were
identified for friction, impact, and electrostatic discharge
stimuli. These differences formed the basis for deriving
sensitivity criteria for the different stimuli. No differen-
ces were found for ignition due to heating, impingement or
adiabatic compression.

A preliminary hazards classification procedure was dev-
eloped. It combines material properties with sensitivity
and effects testing. A conversion to the UN hazards ciasses
was made, and the concept of a threat equivalency is introduced.

Tests which could be applicable in hazards classification
procedures for in-process materials we e surveyed, and the
most promising candidates were selected for experimental e-
valuation. Four representative in-process propellant and
explosive materials were chosen for the program, and eight
detailed evaluations were completed. These were:

e Transition to detonation

e Impact sensitivity

e Friction sensitivity

e Dusting propensity

e Dust explosibility

® Electrical properties measurement

e Electrrstatic discharge, and

e Thermal onsitivity

!
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INTRQDUCTION

The United States Army Materiel Command is assuming
authority and control over all government-owned ammunition
plants. As such, the U. S. Army has the responsibility for
ensuring the safety of the plants. One vital aspect of the
safety assurance program is the specification of proper sepa-
ration distances within each plant. Thus quantity-distance
requirements and hazards classification are important. Un-
fortunately, the current hazards classification document,
TB700-2, (Ref 1) specifically excludes all in-process mater-
ials. Therefore this study was aimed at the development of
a hazards classification procedure for in-process materials.

There is an intimate relationship between hazards clas-
sification and quantity-distance (QD) requirements. The term
"quantity-distance" is used to designate the relationship be-
tween quantities of explosive materials and the distance be-
tween them, or the distance between an explosive and a vulner-
able installation such as an inhabited building, a traffic
route, aircraft, etc. Minimum separation distauces are rre-
scribed to reduce risks to acceptable levels.

Hazards classification is the assignment of a material
or end item (in this case only in-process materials) to a
particular hazard class which best describes the threat pre-
sented by the material. This requires the use of a hazards
clessification procedure which provides the guidelines and
criteria on which the choice of the hazards class is based.
The assigned hazards class of the material is then used as
the basis for selecting the proper quantity-distance rela-
tionship. Thus, if the hazards classification procedure er-
roneously assigns a material to the wrong class, either
safety is compromised or cxcessive safety requirements are im=-
posed. Both possibilities are expensive.

This study dealt with the hazards classification problem
in the following ways:

® By considering the shor!comings of existing
classification procedures

® By considering how the threats imposed by
in-process materials relate to the quantity-
distance requirements

e By using actual accident experience as
criteria for classifving the materials, and

ki
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e By combining in a logical manner sensitivity
and effects testing.

As a result, a comprehensive hazards classification procedure
was developed for in-process materials. It should be empha-
sized that this procedure is preliminary in nature and is
subject to future modifications.

There is a large body of data related to sensitivity
which has been compiled at the various ammunition plants as
a result of in-house testing or from hazards analyses of the
plants. It is expected that much more data will be collected
in the future. The hazards classification procedure presen-
ted in this report has been prepared in such a manner that
existing data can be used. This will eliminate duplication
of effort and minimize the cost of classifying materials.
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A SURVEY AND REVIEW OF CURRENT HAZARDS CLASSIFTCATION PROCEDURE

Hazavds classification, in the narrowest sense, is the
2esignment of a hazards class to a material or end item. This,
of course, requires the use of a hazards classification pro-
cedure which provides the guidelines and criteria on which the
choice of the hazarde class is based.

Hazards classification, however, is much broader than
what the hazard classes or classification procedures alone
would suggest. This is due to the fact that the hazards
classification impacts upon other areas, notably the quan-
tity-distance requirements.

There are three hazards classification schemes which
either ave or soon wiil be in use in the United States. The
most commonly known is that represented by TB700-2 (Ref 1).
This document presents a formalized set of procedures for
determining the hazard classification of explosives, solid
propellants, and end items containing either or both cf these
materials. Either specifically or by implication, it dues
not include in-process materials or operations, hazards due
to electrostatic influence or liquid explosives. A prelimi-
nary draft version of an explosives hazard classification
procedure, currently under discussion at DoD presents a for-
malized set of procedures for determining the hazard classifi-
cation of explosives, solid propellants and end items. It
differs from TB700-2 in that NATO-UN hazard classifications
are assigned. Tt specifically or implicitly dees not include
the same materials as TB700-2.

The in-process materials tec be classified as a result of
this program include solid and liquid explosives, slurries and
solid propellants. Therefore, it was useful to review all
three documents -- TB700-2 (Ref 1), CPIA/194 (Ref 2), UN-NATO
(Ref 3).

Hazard Classes

For the Department of Defense, the hazard classes are do-
fined in DoD 4145.26 {Ref 4), described in AMC 385-100 (Ref 5)
and are assigned on the basis of TB700-2 (Ref 1). Ia all,
there are eight DoD hazard classes. These are listed in Tablel.
The hazard classification of liquid propeilants are defined in
CPIA/194 (Ref 2.) I this scheme, there are four hazard groups.
These groups are listed in Table 2.




Table 1

DoD hazard classes and typical items
assigned to each class

Class Type of hazard and examples

§ 1 High fire hazard with no blast and virtually
no fragmentation (Ref 4)

-small arms ammo, squibs and satety fuse (Ref 3)

2 Vigorous fires, firebrands, explosions (Ref &)
‘ - military pyrotechnics, bulk solid propellant,
CBR items (Ref 4)
3 Fragments, toxicity or blast (Ref 4)

- rocket igniters, artillery and cannon primers,
primer detcnators (Ref 5}

! 4 Fragments, toxicity or blast (Ref 4)

? ~illuminating cartridges, bounding type AP mines
(Ref 5)

1 S Fragments, toxicity or blast (Ref 4)

- explo=ive D loaded projectiles, chemical muni-
tions with explosive bursters, (Ref 5)

6 Fragments, toxicity or blast (Ref &)
~ TNT loaded proiectiles, Amatol or Ammonal
loaded projectiles (Ref 5)

7 Mass detonation (Ref &)
- bombs, detonators, warheads, explosives (Ref &)
8 CB agents (Ref 4)

- Groups A and B chemical ammunition (Ref 5}

VT
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Table 2
CPIA/194 hazard groups for 1liquid propellants (Ref 2)

Group Type of hazard
I Fire hazard potential

- alcohol, anhydrous ammonia, hydrocarbon fuels.

1T Flare type fire if fuel is present
- fluorine, halogen fluorides, LOX.

III Container rupture or explosion
-boranes, methane, ethylene oxide, LHZ'

IV Mass detonation
- nitromethane, n-propylnitrate/cthyl nitrate.

NATO and the United Nations have arrived at a system for
the classification of explosives (Ref 6). There are eight

classes of dangerous goods in which explosives and propellants

belong to Class 1. Within Class 1, thcre are four subdivi-
sions which ate used for quantity-distance purposes. These
are given in Table 3.

Table 3

NATO-UN hazards c¢lasses

Class division Hazard description
1.1 Mass detonating
1.2 Non-mass detonating
-~ fragment producing
1.3 Mass fire
1.4 Moderate fire
-~ no blast

The NATO-UN classification scheme is important as the
United States has adopted the scheme ard begin its implemen-
tation in January 1977.

There appears to he some correspondence between the
various hazard classification schemes. Table 4 shows the
correlation between DoD, NATO-UN (Ref 6), and CPIA classifi-
cation schemes.




Table 4

Correlation between DoD, NATO-UN and CPIA
hazard classification schemes

DoD NATO-UN CPIA
Class Class Division Group

1 1.4 1

2 1.3 Ii

3 1.2 I11

4 1.2 111

5 1.2 I1I

6 1.2 111

7 1.1 v

The best correlation is between the NATO-UN and CPIa clcssifi-
cation schemes.

ygz{rq_qja§§3f10q5j0p~Provodqge

The current guide to DoD hazard classification is TB700-2
which sets forth procedures for the assignment of the quantity -
distance class. The guide consist: of five chapters. Chap-
ters 1 and 2 consist of introductory genecal information.
Chapters 3 to 5 give minimum test criteria for:

e bulk explosive and solid propellant compcsitions,
e ammunition and explosives items, and

® quantities of large ordnance containing solid
propellants for establishing quantity-distance
criteria.

Of these, only Chapter 3 contains a section on "Interpretation
of Results" which enables conversion of test resulte to a
hazards class. B. Browa (Rel 7) shows how the hazards class
is assigned. The pertinent diagram from Ref 7 {8 reproduced
here as Fig 1.

Fig 1 shows that bulk explosive and solid propellant
compositions can be assigned only to Military Class 2 or
Class 7. Under certain circumstances, ne class is assigned.
Thus, as i{s pointed out by Settles (Ref 8), Class 7 consists
of materials which exhibit high velocity detonation under the
test conditions, and Class 2 consists of materials which can
exhibit medium or low velocity detonation, explosion, or fice.

i ——————
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CPIA/194 provides hazard group designacions for selected
liquid propellants. However, it does not indicate the basis
for assigning a given propellant to a given group. It also
states that the classification of prepackaged items of liquid
propellant containing both fuel and oxidizer may be accom-
plished using the procedures of TB700-2. This {s impossible
as either the tests in TB700-2 are not capable of dealing

with liquids (Chapter 3) or are specifically for solid pro-
pellants (Chapter 5).

The preliminary DoD draft document (Ref 3) which in-
cludes the NATO-UN hazard classes utilizes tests for clas-
sifying materials similar to those given in TB700-2, Chapter 4.

~ The data to be collected in the tests however, are mnch more

extensive than that collected in TB700-2. In addition, de-
tailed criteria are used to put each material into its proper
class. These criteria are summarized in Table 5.

Table 5

Criteria for assignment of articles and materiils
to the proper NATO-UN hazard division

Class Division Criteria

1.1 1. The articles or materials
mass detonate

. Propellants have a ‘INT
equivalency greater than
10 percent.

to

1.2 1. The package or materials do
not mass detonate
2. Fragments are produced.

1.3 1. The radiant heat flux,is
greater than 1.3 x 10% J/m2/s
beyond a 30 m radius.

2. The TNT equivalency is
10 percent or less.

1.4 1. The hazardous fragment and
firebrand density_i{s no more
than one per 56 m~ beyond a
30 m radius

. The radiant heat flux is no
more than 1.3 x 10% J/m2/s
beyond a 30 m radius.

(%)
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The hazard classification procedures of TB700-2 have
been criticized by many people intimately involved with
clagsification and hazards such as Brown (Ref 7), Settles
(Ref 8), Voeglein (Ref 9), Masten (Ref 10), and Pratt (Ref ll).
Even supporters of TB700-2 such as Demberg (Ref 12), concede
that there are many deficiencies in TB700-2 which should be
corrected. The following discussion presents a summary of
the problems associated with the scope, procedures and tests
of TB700-2.

As was noted earlier, the scope of TB700-2 is rather
limited. Many of the comments regarding TB700-2 are related
to its limited scope:

e The procedures do not include provisions for
classifying in-process materials, pyrotechnics,
slurries or liquids.

e The procedures do not provide for classifying
any material as Class 1, 3, 4, 5, 6 -- only

~

as either Class 2 or Class 7.

e The procedures do not include provisions for
tests relevant to such expected stimuli as
electrostatic discharge.

e The tests of Chapter 3 .re based on extremely
small samples which do not always scale up to
actual sizes and quantities.

o The procedures of ‘hapter 4 do not require
the collection of £ata regarding blast over-
pressure, impulse, heat flux, firebrands, or
fireball diameter. Fragment recovery and
mapping {s required; however, test precedures
are nut specificd.

e No criteria are provided to allow the tests
of Chapters 4 or 5 to be used in classify-
ing the msterials or end items.

e The procedures to be used in the tests of
Chapters 4 and 5 are not specified in suffi-
cient detail to insure that the methods are
standardized and that the results are
m=2aningful.

1
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o The tests specified for determining the DoD
transportation class are identical to those
required by DOT. However, there are differ-
ences in the interpretation of results which
often cause the DoD assigned classification
to differ from DOT's despite being based on
identical test results.

In addition, the following comments relate to specific
tests:

e The impact test was originally intended for
use with powders that could sift out of boxes
during shipment and should not be used to
determine the impact sensitivity of anything
larger than these powders.

e The impact test is not reproducible and does
not scale up to larger sizes.

e The sample sizes for the tests in Chapter 3
are unrealistically small.

e The impact test is impossible to use with
granular solids or similar nonhomogeneous

materiais, where it is difficult to get
uniform samples.

e The ignition and unconfined burning tests
often show only that a material burns as
it was designed to burn (especially
pyrotechnics).

e The tests of Chapter 4 should specify how
and where the central test item should be
primed.

e Many of the tests indicate that the material
either did or did not detonate at a high
velocity. They do not differentiate between
materials that burned or did not react and
those which deflagrated, exploded or deto-
nated at a low velocity.

All of these comments are valid criticisms of THE700-2.
The primary modifications to TB700-2 that must be made to
overcome these deficiencies are:

o Conversion to UN-NATO hazard class
designations.




e Specification of more realistic tests to
determine the sensitivity and eifects of
the tested materials.

e Expansion of the procedure to include all
forms of explosives and propellants --
especially in-process materiadls, pyro-
technics and slurries.

e Specification of instrumentation and pro-
cedures for the collection of effects
data which include fragmentation, blast
overpressure and impulse (TNT equivalency),
radiant heat, fireball diameter, and
firebrands.

e Specification of criteria for use in assign-
ing a material to a hazard classification.
The criteria should be in numerical terms
whenever possible (e.g., TNT equivalency
greater than 10%)

Quantity Distance Requiremenf-

The quantity-distance requirements for DoD Classes 1 to
7 are given in Fig 2. As can be seen in the figure, the
quantity distance requirements may seem conflicting as a low-
er class often has a greater specified distance than a higher
class. This is especially noticeable on the left side of the
figure when comparing the required distances for Classes 3
to 6 with Class 7. The reason for this paradox is that the
hazard of Class 7 materials is a function of mass (or amount
of material), while the hazards posed by materials in
Classes 1 and 3 to 6 are independent of mass. Figure 2 de-
picts inhabited building distances. According to DoD 4145.26M
(Ref 4), '"these distances are the minimum permissable dis-
tances between an inhabited building and an ammunition or
explosives location. Inhabited building distances are also
used for protection of administrative areas, adjacent opera-
ting lines and for other exposures within an establishment.
Inhabited building distances also shall be provided between
ammunition and explosives locations and plant boundaries."
It further states that:

1) "Inhabited building distances as set forth in

this part protect buildings against 'substan-
tial' structural damage..."

13
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2) "Inhabited building distances do not provide

protection against glass breakage or injury

to personnel from glass breakage... The

inhabited building distances...for Class 7

are based on damage from blast erfects;

however, they do provide a high degree of

protection except for small quantities

where the fragment hazard may be more sev-

ere than the blast hazard. Inhabited

building distances for ammunition and ex-

plosives which are not mass detonating are

based on the most severe hazard involved."

I
Thus, fragments are supposed to be included as a hazard for
Classes 3 to 6 but not for Class 7, and a large potential
for injury to plant personnel and the public in adjacent
areas is tolerated. HKowever, change 1 of AMCR 385-100 (Ref 5) '
states that although the inhabited building distances are '
based on blast damage: "For fragment producing Class 7
items,...inhabited building distances will be increased, as
necessary, so that the density of hazardous fragments will
not exceed one in 600 square feet. A hazardous fragment 13
one having impact energy of 58 foot-pounds or more. 1In
this connection, as supporting data become available, frag-
ment producing Class 7 items will be grouped additionally
into the distance zones used for non-mass-detonating items.

o e o

The quantity-distance requirements for liquid prorel- .
lants, according to CFIA/194 (Ref 2) are shown in Fig 3.
Distance requirements for materials in Group IV to protec-
ted inhabited buildings are the same as for DoD Class 7,
taken from AMCR 385-100 (Ref 5). (These distances, for
large quantities, are greater than those given in the later
Change 1 of AMCR 385-100).

Distance requirements for materials in Group III are
given in CPIA/194 for both unprotected and protected (barri-
caded) inhabited buildings. Those for unprotected build-
ings are based on predicted fragment distances from equip-
ment experiencing a vapor phase cxplosion. Those for pro-
tected buildings are bas:d on thermal considerations derived
from Bu Mines Report 5705 (Ref 13).

For materials in Groups T and II there is no distinc-
tion made between protected and unprotected inhabited build-
tngs. Distances for Group II materials were arbitrarily
taken as 3/4 of those for protected inhabited buildings in
Group 1I1. Distances for Group I materials were taken simi-
larly as 1/2 those in Group II.

5
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There is a crossover between the Group III and Group IV
distance requirements. This is probably because Group III
considers fragments while Group IV is based solely on blast
overpressure.

The quantity-distance requirements for materials clas-
sified according to NATO-UN categories are confusing. For
materials in UN Classes 1.1 and 1.3, the distances are either
those specified in DoD 5154.4S (Ref 14) or those based on
the results of the hazard classification tests. For materi-
als in Class 1.2, the distances are those derived from the
hazard classification tests. For materials in Class 1.4,
the distances are those given in DoD 5154.48S.

Minimum distance criteria for the several NATO-UN classes
of materials are given in Table 6. There are a number of
shortcomings with the existing quantity-distance require-
ménts which are related to the hazard classification schemes.
For the following, we will limit the discussicn of quantity-
distance (QD) requirements to those of DoD Classes 2 and 7
and CPIA Group IV materials. Classes 2 and 7 were chosen as
they are the only classes applicable to in-process material,
and as they are the only classes specifically mentioned in
TB700-2. Group IV was chosen as its quantity distance re-
quirerments were exactly those of Class 7 prior to 1971.

To facilitate the discussion, power curves were fitted
te the midpoints of the quantity distance requirements (for
inhabited buildings). The resultant equations were:

R = 35.0 W0'356 Class 7 (1a)
)AL o Class 2 (1b)
R = 107 WU'302 Group IV (1c)

Here, R i3 the required distance in feet to an inhabited build-
ing from W pounds of material. The power curves for Class 7
and Group IV are depicted in Fig 4.

The normal relation for a fireball of radius FR feet pro-
duced by W pounds of explosive material is

FR =5w”3 (Ref 2,15,16) 2)

17
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NATO-UN Class

1.1

1.2

1.3

1.4

Table 6

Minimum UN-NATO distance criteria

Minimum Distance Criteria

The distance at which the density of
hazardous fragments for personnel in
the ogen exceeds one per 600 sq ft
(56 m¢) or a distance of 1250 ft
(380 m) whichever is greater.

The distance at which the density
of hazardous fragments for person-
nel equals one per 600 sq ft (56 m?2)
within the first 20 minutes after
detonation of the first test item
(personnel protection)

The distance at which the density
of one per 600 sq ft (56 m2) of
fragments (58 ft-1b (79J)) and/or
firebrands (3.72 x 107J)exist at
the conclusion of the test (protec-
tion of structures)

The distance at which a heat flux
of 0.3 cal/cm?/s (1.3 x 10% J/m2/s)
is recorded, or the distance at
which firebrand (3.72 x 107J) den-

sity equals one per 600 sq ft (56 m2)
whichkever is greater.

18
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Comparison of Equations la, 1b and lc with Equation 2
shows that the QD requirements will always place an inhabi-
ted building outside of the fireball. However, the effects
of winds and other environmental conditions, and the effects
of asymmetrical fireballs, are not considered in Equation 2,
so that the QD requirements for Class 2 may be only marginally
effective, This asymmetry was illustrated in a large scale
black powder test where 1450 kg of black powder produced an
elliptical fireball with axes of 24 m amd 48 m (Ref 17).

Only the shorter 24 m axis was close to the 22 m predicted
by Equation 2. It should be noted that the fireball equation
for the black powder tests was

FR = 5.16 WO 303

which is very close to Equation 2, The radiant heat flux

could be in the range fo 1.3 x 105, 2.5 x 10° or 3.8 x 105 J/m?

or sufficient to produce first, second, or third degree burns

(Ref 10%. At the least, it could easily exceed the 6.3 x

10% J/m“ recommended as the maximum exposure to the public (Ref 18).

In terms of fires involving pools of liquid fuels or sol-

id fuels, the quantity-distance requirements may be excessive
(Ref 19).

Due to the manner in which Clagss 2 is defined and the
materials it includesz, low velocity detonations and explosions
as well as fires can be expected (Ref 20). Thus, some blast
overpressure can be expected. A power curve was fitted to the 4
overpressure data of Kingery and Pannill (Ref 212. In the |
range of 0.014 to 1.193 psi (9.6 x 10 to 1.3 x 10" Pa), this
equation is

P = 198.765) "} 384 (4)

where P is the overpressure in psi and X is the scaled distance
(A=R/Wl/3, R= distance (ft), W = weight (1b)). If we use E to
denote TNT equivalency, Equations 1lb and 4 can be combined to

arrive at
P = 198.765 (3:31%}%§;5313)"'33“ (5)
(EW)
or P =9.196 g0-461 ,0.0277 |
Assuming that w0.0277 = ], we have
P =9.196 E0-*6! (6)
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If E = 1, the pressure at the Class 2 quantity-distance re-
quirement 1s 9.20 psi (6.34 x 10% Pa). Of course, E will
never equal 1 as that implies a high velocity detonation and
the material would be Class 7. The pressures at other equiv-~
alencies are tabulated in Table 7.

Table 7

Pressures at the class 2 quantity-distance
requirement for various TNT equivalencies

Pressure

Equivalency psi (Pa x 104)
1.00 9.20 (6.34)
0.90 8.76 (6.04)
0.80 8.30 (5.72)
0.70 7.80 (5.38)
0.60 7.27 (5.01)
0.50 6.68 (4.61)
0.40 6.03 (4.16)
0.30 5.28 (3.64)
0.20 4.38 (3.02)
0.10 3.18 (2.19)
0.05 2.31 (1.59)
0.01 1.10 (0.76)

Thus, to get down to 1.0 psi (7 x 103 Pa) at the required dis-
tance, a TNT equivalency of less than 1 percent is necessary.
This is probably smalier than the TNT equivalencies of many
Class 2 materials. As 1 psi (7 x 103 Pa) is generally accep-
ted as the criterion for structural damage, a Class 2 material
with a TNT equivalency of 1 percent or greater will exceed

1 psi (7 x 103 Pa) at the required Class 2 distance. In order
to get down to 0.10 psi (7 x 104 Pa) to minimize glass breakage,
an equivalency of 0.006 percent or less would be required.

The UN~NATO criteria specify that a material with a TNT
equivalency of 10 percent or less is in Class 1.3. Thus, ac-
cording to Tables 7 and 5, a Class 1.3 material would exhibit
an overpressure of 3.18 psi (2.19 x 104 Pa) at DoD Class 2
distances. However, as the NATO Class 1.3 materials have
quantity-distance requirements which are based on actual test
results, this problem is minimized.

The root of the gquantity-distance requirements for Class 7
materials comes from the nld American Table of Distances (Ref 20).

21
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This table was derived from a study of 117 accidental explo-
sions. The criteria used in deriving the quantity-distance
relations were the outer limit of structural damage. The
equation that was derived was

R = %.75 w3

(Ref 20) )]

As can be seen, this equation is almost identical with Equa-
tion la for Class 7 materials. The table does not include

the effects of damage due to either fragments or glass breakage.

The accident data used in deriving the American Table of
Distances are plotted in Fig 5. Of the 116 accidents shown
in the figure, only 4 (3 percent) are above the 0.5 psi
(3.5 x 10° Pa) line and 24 (21 percent) are above the 1.0 psi
(7 x 103 Pa) 1line. It should be noted that of the 116 ac-
cidents, only 21 were of a material that is currently consid-
ered to be high explosive (nitroglycerine). The remainder
were accidents involving materials such as black powder, gela-
tin, and dynamite. Of the 21 accidents involving nitrogly-
cerine, none were of more than 5.44 x 103 kg. As the TNT
equivalency of black powder, gelatin,and dynamite is less than
one, the accidents underestimate the range at which damage
occurrs--especially in terms of today's explosives where TNT
equivalencies in excess of one are common.

If we combine Equations la and 4, we get
w0'356 -1.384

P = 198.765 (34.996 ;6?333)

(8)

or P = 1.448 w-0.0315

assuming a TNT equivalency of one. If we further assume that
w-0.0315=1 we have

P = 1.45 9

This would show that the Class 7 quantity distance require-
ments are aimed at attaining a pressure of 1.45 psi (1 x 104 Pa)
at the specified distance. Actually, the pressure ranges from
0.93 x 10 Pa at 4.54 kg to 0.65 x 10% Pa at 4.5 x 100 kg.
Wilton (Ref 22) claims that at the Class 7 distances, damage

of 25 percent should be expected to inhabited buildings and

that extensive glass breakage will occur.

[38)
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As was mentioned earlier, fragments are not considered
in the Class 7 quantity-distance criteria. Fragmentation,
however, should be expected in virtually all accidental ex-
plosions. Figure 6 shows the range of fragments for the
accidents used to derive the American Table of Distances,
and Fig 7 shows the range of fragments from more recent ac-
cidents. As can be seen in the figures, many of the accidents
resulteg in fragments being thrown well beyond the 1.0 psi
(7 x 107 Pa) criterion for structural damage. In fact, rela-
tive safety_from fragments is not attained until the G.10
psi (7 x 102 Pa) line. However, this cannot be interpreted
literally as the distances are for the farthest fragments
and not the distances at which the fragment density reaches

one per 600 sq ft (56 m?). The fragment plots and the Class 7
distances are combined in Fig 8.

The breakage of glass has the potential for causing num-
erous and often severe injuries. C(lass breakage is normally
expected te occur at pressures down to 0.2 psi (1.4 x 103 Pa).
This is shown in Fig 9 which zbnws the distance at which
glass breakage occurred fer the accidents included in the
American Table of Distances. Glass breakage occurred at pres-
sures under 0.02 psi (1.4 x 102 Pa).

The Group IV quantity-distance requirements wcre those of
Class 7 prior to 1971. These requirements, however, call for
a lower oressure than the current Class 7 requirements. Com-
bining Equations lc¢ and 4, we get:

p = 0.308 w0432 (10)

The pressure at the required unbarricaded distances ranged
from 2.3% x 103 Pa at 4.54 kg to 3.86 x 103 Pa at 4.54 x 105kg

of material. The Group IV quantity-distince schemes include
the INT equivalency of the mater{al.

None of the classitfication schemes is concerned with im-
pulse, the pousitive integral of the pressure-time curve. This
is probably due to the fact ttat structural damage correlates
better with blast overpressure than with {mpulse at com-
paratively long distances. However, this is most unfortune-
ate as impulse can produce hazards, such as knocking down
people (the blowdown problen), independently of pressure. A
primary example of impulse damapge {s that caused by a FAE
(fuel-afr explosive), which has a low blast overpressure but
a high impulse. As the armed forces are turning to the con-
cept of a blast enhancement (increased impulse) in new wea-

pon and explosive designs, impulse {ncreasingly will be an
important factor.
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The current DoD classification procedures and the UN-NATO
procedures are not directly concerned with TNT equivalency.
As the UN-NATO procedures utilize experimental data for set-
ting quantity-distance requirements, the non-use of TNT
equivalency is not toc important. However, for the DoD clas-
sification procedure, where the distances are taken from
quantity-distance tables, significant errors can occur. If
the actual TNT equivalency is greater than one, the table dis-
tance is too short; while if the TNT equivalency is less than
one, the table distance is too long. Thus, either the required
safety is not provided or more distance than necessary is be-
ing required.

All the discussion in this section has besen based on the
distance to an inhabited building. The distances to public
highway/railroads are often less than the inhabited-building
distances (e.g., Class 7 material). The main reason given is
that as trains, cars and trucks are mobile, the probability
that such a vehicle would be endangered is less than the
probability that an inhabited building would be endangered.
This presumes that the vehicular traffic density is low and
always will be low. A secondary justification is that the
structural strength of such vehicles is greater than that of
a building. This is probably true; however, if the vehicle's
glass shatters and the driver loses control, the end effect
is the same as if severe structural damage occurred. Break-
age of the glass will occur in automobiles as can be seen in
Table 8 which was copied from Ref 23. Furthermore, with the
large surface area of vehicles, overturning trucks, lane
changes, and derailing of railroad rolling stock could occur
at modest impulse levels.
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Table 8

Aatomobile window damage during Eskimo II tests (Ref 23)

Ground ]
Range, P‘. Automobile Windows
ft pei Orientation| Number{ Description Damaged Extent of Window Damage
Al Renault None None
Windshield Completely broken o t
Left Rear- Multiple fractures
Face-On Door
A2 Pontiac Right Front- Completely broken out
Door
Right Rear- Multiple fractures
Door
Dodges* Windshield Multiple fractures
Al Station Left Rear-
Wagon Door {Sidep*| Completely broken out
30 1.2 Ad vw Left Door Completely broken out
Left Left Front- Completely broken out
Side -On Door
AS Peugeot Right Front- Completely broken out
Door
Windehield Multiple fractures
Ab Chevrolet Left Rear- Completely broken out
Door
A7 Dodge Left Door Multiple fractures
Fuel Truck Left Vent Multiple fractures
L A8 VW Bus Windehield Multiple fractures
eft
110 0.62 Side-On
A9 Lincoln Windehield Multiple fractures
100 f o | gl A10 | Buick None None

¢ An anthropomorphic dutnmy was secured in the driver's seat ot this station
wagon by means of a lap seat belt,

ee Analysis of the film record from the camera /402 frames per second) viewing
this window inrdicated that the fragments had a mean velocity of about 11 ft/sec.

Neote: There was no evidence that any of the autamobile windows ' 3re broken by bomd
fragmante or crater ejecta rather than by the airblaet iteslf.
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DEVELOPM"NT OF CRITERIA FOR EVALUATING
THE SENSITIVITY OF IN-PROCESS MATERIALS

Survey of Accident Reports

The Department of Defense Explosives Safety Board (DDESB)
acts as a repository for reports on accidents related to the
manufacture and use of explosives and propellants. A trip
was made to the DDESB to collect relevant accident data. As
there was a large number of accident reports on file at the
DDESB, only a sample of the accident reports was obtained.

The sample was chosen to reflect the types of accidents which
were of interest to this program.

The gathered accident data were compiled in tabular form.
These tables give the DDESB report number, a description of
the material involved in the accident, the estimated quantity
of material, the number of injuries and fatalities that re-
sulted from the accident, the component or portion of the
process, the type of output, the fragment and glass breakage
distances, and the probable cause of the accident as given in
the accident report. The accidents were grouped in such a
way that each table contains only data on one type of process
operation. These tables are given in Appendix A.

Analysis of Accident Causes

The probable causes of the accidents summarized in the
tables were generalized to fit into the following categories
of stimuli:

e friction

e impact

e adiabatic compression

e clectrostatic discharge (ESD)

e heating

e impingement
When several diftferent causes were listed, more than one such
category was agplicable. Table 9 gives the percentage of each
category of stimulus named as a probable cause in accidents
within various process areas or operations. For example,
68 percent of the pressing incident reports named friction as

one of the probable causes of the initiation. The percentages
for a given process operation can total more than 100 percent
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as more than one stimulus may be named as the probable cause

for a single accident. The distribution of accidents by pro-
cess operation and the frequency by probable stimuli for all

process operations are also given.

The probable causes of an accident differ from material
to material. This is related both to the material's proper-
ties and the types of process operation. Figure 10 presents
the data of Table 9 in a more graphical format. Figures lla
and 11b present similar information for secondary explosives
and propellants. It is obvious that differences in the prob-
able accident causes (stimuli) exist. For instance, adia-
batic compression ic more of a problem for propellants in
pressing operations than for secondary explosives. This is
attributed to the presence of solvents in the propellants
being pressed. The data were insufficient, however, to allow
the preparation of a similar table for primary explosives.

Data such as those given in Fig 10 are quite useful
i because they indicate the types of stimuli most likely to
b cause an accident. As such, they also indicate the areas in
1 which sensitivity testing should be required. It is apparent
) that triction and impact are the most commonly given causes
1 of an accident, followed closely by heating and ESD. These
& are the most important stimuli. They are also the primary
s causes of maiantenance accidents which can cccur in any pro-
1 cess operation. Thus tests to determine the sensitivity of .
all materials to friction, impact, ESD and heating are imper-
ative. In certain process operations or material conditionms,
additional sensitivity tests such as for adiabatic compression,
impingement, or ESD in dusts may be desirable.

T - s

Analysis of Accident Consequences

The DDESB accident reports also were analyzed to deter-
mine the correlation betweeu process operations, material
types, and accident consequences. Although this is not re-
lated to sensitivity, the results are enlightening and the
3 method of analysis is the same as that described in the pre-
g vious section. The results of the analysis are reviewed
: here briefly. For this analysis, the accidents were broken
* into two categories:

: e Accidents resulting in an explosion of any type
1 (i.e. detonation, deflagration, fire/explesion, etc.)

e Fires, only 1

? . 33
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The first category includes all cases involving blast and/or
fragment hazard, whereas the second category includes inci-
dents resulting only in fire and thermal radiation hazards.
The results of the analysis are presented in Table 10 and
Fig 12.

As an example of how the data in Table 10 should be
interpreted, 93 percent of the sampled accidents of secondary
explosives in a reactor operation resulted in explosions.

The data base in some areas, particularly for primary explo-
sives and black powder, was scant. Therefore, a lavger data
base could significantly alter the results. The analysis
which was conducted does indicate that most process acci-
dents (ignitions) result in explosions. Propellants are
somewhat less likely to be involved in an explosion than pri-
mary explosives, secondary explosives, or black powder.
Apparently primary explosives, if ignited, are almost certain
to explode, probably because their critical dimensions are
smaller than the dimensions of the process vessel.

Development of Sensitivity Criteria

The accident data along with material sensitivity data
from various literature sources (Refs 24 to 38), were used
to develop criteria for evaluating the sensitivity of in-
process materials.

The initial step was to review the accident data and to
determine the probable cause(s) of each accident. These
probable causes were usually given in the accident report.
However, when the prebable causes were not given, they were
assumed to be the same as those most frequently responsible
for similar accidents in known instances, as previously
summarized in Fig 10. For instance, when the probable causes
of an accident involving a mixing operation were unknown;
friction, impact and ESD would be used {sce Fig 10). The
exact material involved in each accident also was identified.

Next, for each accident, data were conpiled on the
material's sensitivity to ignition by the various stimuli.
Occasionally efther the material was not described in suffi-
cient detail to allew compiling sensitivity data (e.g. -
double base propellant) or the sensitivity data were unavail-
able. In these cases, the accident was not considered.

1)
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Table 10

Accident effects analysis (numbers are percent

of sampled DDESB

accidents resulting in explcsions, fire/explosion or deflagrations)

Material Primary Secoudary Black All
type explosive explusive powder Propellants materials
Process
operation
Pressing 100 100 100 79 89
Mixing 100 96 100 71 82
Reactor - 93 100 50 90
Conveying - 7 100 100 91
Drying 100 89 100 78 88
Filling 100 79 50 64 72
Casting 100 64 100 100 73
Screening 100 0 - 100 60
Machining 100 67 82 64 72
411 Operations 100 88 88 73 83
Material Primary Scecondary Black All
type explosive explosive powder Propollantes materials
Process
cperation
Pressing
Mixing 9, 7, S
Reactor . s Cf/ &
Conveving :;\
N -
Drying x % x < \
y s 4 ? £ i W ",/ ’ }/ /
Filling v & L, //,// S s
Casting SNy S // ///’,/ 7
Screening 3 ,f>//ik>/
Machining ’ g /
All Operations | SIS 500 ’///,’//,/ﬁ )

7152 explosiony, fire/cxplosion, detiagration
U777/ 107, 151
E <106TY fire/thermal radiation hazars

} blast/fragmeny hazapd

Fieg 12 Accident elfects analvsis
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Finally, the mean and standard deviation of the ignition
sensitivities were calculated using different sample popu-
lations. The populations most frequently used were:

e Population 1 - All accidents in which the particular
stimulus of interest was a probable cause.

e Population lA - Population 1 accidents involving a
particular type of materiszl (e.g., secondary
explosives).

¢ Population 1B - Population 1 accidents involving a
particular type of process operation (e.g., mixing).

e Population 2 ~ All accidents regardless of the
stimuli given as probable causes.

e Population 3 - All materials of a particular type,
regardless of whether or not the material had been
involved in an accident.

The terminology used to describe the populations is somewhat
awkward as the words 'accidents' and 'materials' may seem to
be used interchangeably. Populations | and 2 refer to acci-
dents, and population 3 refers tc materials. However, each
accident involved some material. Thus, in actuality we are
talking only about materials. The word 'material' could have
been used in defining populations | and 2; however, this
would have 'ed even to more confusing language. For instance,
population 1 would have been: all materials involved in an
accident in which the particular stimuli of interest were
probable causes.

Tables 11 to !4 summarize the means and standard devi-
ations that were calculated for ignition by impact, friction,
ESD, and heat. Insufficient data were available for any
similar analyses for ignition by impingement or adiabatic
compression. The pertinent data from these tables have been
extracted and are summarized in Fig 13 to 18.

Figure 13 shows the mean + one standard deviation of the
impact sensitivities of population iA and 3 materials, The
figure shows that population lA materials are more sensitive
to impact ignition (lower impact sensitivities) than popu-
lation 3 materials. Using method 3-3.13 of ORDP 20-110
(Ref 39), che means are different at a level cf significance
of 0.05. Thus, the materials i{nvelved in accidents in which

38
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Impact sensitivity means and atandard deviaztions
for various sample populations

Table 11

x
Sample Material (x10%) (xf%‘) n
Population 1A
Materials involved All materials 1.54 0.97 40
in accidents in which All propellant types 1.48 0.81 13
impact was a probable Secondary explosives 2.11 0.98 18
cause Primary explosives 0.5% 0.25 9
Population 1B
Processes involved Pressing 2.36 1.35 18
in aceidents in which Mixing Croup A 2.03 0.88 4
impact was a probable Casting 1.85 1.02 5
cauge, Reacting 1.22 0.96 3
: Machining Group B 0.83 0.35 6
1 Filling "roup 0.95 0.51 6
Conveving 1.1% 1.21 2
3 Drying 0.50 0.26 S
3 Screening} Creupit 0.2¢6 0.11 2
. Group A 2,21 1.22 27
4 Group B 0.98 0.59 17
> Group C 0.44 0.25 7
F Population 2
' Processes involved Pressing 2.04 1.32 15
r in accldents regard- Mixing 2.03 0.88 4
3 lexs of cause Coating 1.91 0.93 [
Reacting YRR 0.96 3
Machining 0.98 0.45 5
] Filif{ng 1.25 1.07 8 s
Conveying 1.19 1.21 2
I Screening 0.26 0,11 R
Drying 0.50 0,26 )
Populatior 3
Materials fnvolwed All materials 3.07 .17 84
vr aot {nvelved Al, propellants 3.31 1.96 58
in sccldents All propellantse
- ‘intshed 2,84 2.00 38
i All propellantse )
3 in process 4.02 1.71 23
i Secondary explosives 3.08e 2.87 N
1 Primarvy explosivex 2.09 1.18 b)
4 Sir:le base-finished 2,32 1.75 12
4 bouble base-casting,
firished 2.08 2.08 I
Doudble base=solvent,
3 finfshed ). 87 2.28 1l 3
g Boudle base-solventlesns, 2
fintshed 2.9% L i a
Single base<in process 4.83 .08 H
touNle base-solvent,
in process 3.1% 1.9} &
Double hase-solventless,
in grocess 1.8 2.0% 1
2 s mean(i/a’) ]
s = atandatd deviation 3
# v sampic wize g
‘«
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Table 12

Friction densitivity means and standard deviations

for various sample populations

¢ X s
Sample Material (xlob) (x108) n
Population 1A
Materials invoived Al]l materials 2.63 1.82 41
in accidents in All propellant types 2.15 1.90 18
which frictior was Secondary explosives 3.5% 1,91 18
a probable cause Primary explosives 1.08 0.00 )
Population 18
Processes involved Pressing } Group D 3.70 2.01 18
in accidents in Casting 4,00 1.50 3
which friction vas
Mixing 3.04 1.75 3
3 probsble cause Reacting } HEL DL 2.52 2.11 3
Machining 0.71 1.02 10
Conveying . 1.50 0.5%5 2
Filling ST 17 1.68 0.82 8
Drying 1.57 0.00 1
Group D .74 1.92 21
Croup E 2.78 1.7¢6 [
Croup F 1.7 0.84 &3
Populatien 2
Processes involved Pressing 3.61 .10 14
in accidents regard- Cazting 2.9% 1.064 4
lass of cauxe Mixing 3.04 1.78 )
Reacting 2.52 2.11 3
Machining 1.31 1.30 4
Conveying 1.5 0.5 3
Filling 1.%9 0.84 H
brying 1.83 0.61 4
Population 3
Materials {nvolved All materials .22 1.96 52
or not invelved All propellants &.48 1.8) L]
in accidents All propellants-finished 3.67 1.17 36
All propellants~
in process 5.64 2.00 2%
Secondary explosives 4.07 2.1 16
Primary cxplosives 1.58 0,49 S
Singlc base-f{inished 3.8} 1.18 112
Bauhle haxeecasting,
tinished 3.3:2 0.8) 4
bouble base-sovlvent,
{inished 3.48 1.0} A2
Double bane¢-solvent~
leds, fininhed 3.63 1.91 H
Single basc-
in procomn 6.0) 1.9 8
boudiv Bssc-sslvent,
in proccas 4,48 2.68 )
Double badc-solvent-
\es8, in process $.:8

1.70

3w =j

* uample size

3
= wean (X/m° 2 - 5 ala)
* utandard deviatiun
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Fig 14 Impact sensitivities for population 1B materials
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Fig 16 Friction sensitivity of population 1B materials
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impact was a probable cause are significantly more sensitive
to ignition by impact than most materials.

The impact energy for various materials representative
of those in population 1A are shown as individual plotted
points on the right side of Fig 13. These points show how
the populations overlap and indicate the degree to which
population 1A materials are concentrated in the lower (more
sensitive) portion of the diagram.

Figure 14 shows the mean + one standard deviation of the
impact sensitivities for population 1B materials. The process
operations whose means are not different at a level of sig-
nificance of 0.05, method 3-4 of ORDP 20-110 (Ref 39), are
grouped together. Combined mean + one standard deviation
are shown for each group by the shaded bar. Thus, the pro-
cess operations can be combined into the following three
groups which have statistically similar impact sensitivities.

These groups are:

® Group A - pressing, mixing and casting
® Group B - reacting, machining, fiiling and conveying

® Group C - drying and screening

The bands which are shown in Fig 14 contain over 68 per-
cent of the sample population (mean + one standard deviation).
Thus, less than 16 percent of the population lies either
above or below the band. Therefore, by choosing the top of
the band (mean + one standard deviation) as the impact sensi-
tivity criterion, we have included about 84 percent of the
population IB materials. The criterion could be changed to
include about 97 percent of the population by raising the
top of the band to the mean + two standard deviations. How-
ever, then the criterion would also include virtually every
material, and would not discriminate between those likely to
be a problem and those which are not. On this basis, the
following impact sensitivity criteria were chosen, as listed
in Table 15.
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Table 15

Impact sensitivity criteria

Sensitivity
Group Process operation gJ/mzz
A Pressing, mixing, casting 3.34 x lOa
B Reacting, machining, filling, 1.57 x 104
conveying
C Drying, screening 0.69 x 104

Figure 15 shows the mean + one standard deviation of the
friction sensitivity of population 1A and population 3 ma-
terials. It can be seen that the materials involved in acci-
dents in which friction was a probable cause are significantly
more sensitive to friction ignition than most materials except
for secondary explosives. Here, a difference does exist but
the difference is not significant at a level of significance
of 0.05, method 3-4, ORDP 20-110 (Ref 39). The friction
sensitivities of materials representative of both populations
are shown on the right side of the figure. The results of
the Picatinny Arsenal Friction Test using a steel shoe are
also shown for a number of materials. While not enough data
are available for a meaningful comparison, the PA test does
differentiate between materials.

Figure 16 shows the mean + one standard deviation of the
friction sensitivity of population 1B materials. The process
operations whose means are not statistically different at a
level of significance of 0.05 have been grouped together.

The mean + one standard deviation for the entire group is
also shown (dark bar). These groups are

e Group D - pressing, casting

e Group E - mixing, reacting

e Group F - conveying, filling, machining, drying
These groups do not correspond with groups A, B and C for
impact sensitivity. As with impact sensitivity, the mean +
one standard deviation was taken as the friction sensitivity

criterion for each group. These criteria are givan in
Table 16.




Table 16

Friction sensitivity criteria

Sensitivity
Group Process operation N[m2 @ 2.4 m/s)
D Pressing, casting 5.66 x 108
E Mixing, reacting 4.54 x 108
8

"

Conveying, filling, drying, 2,55 x 10
machining

Figure 17 shows the mean electrostatic discharge (ESD)
sensitivity for population lA, 2 and 3 materials. Materials
representative of the populations are also shown, plotted
on the basis of their ESD sensitivity. It is interesting
to note that the mean ESD sensitivity for population 1A ma-
terials is below the 0.1C joule level, which is generally
accepted as the amount of electrostatic energy that can be
storad on a human. The mean + one standard deviation
(0.17 joule) is above that figure, and probably indicates
that other energy sources may be the cause of some ignitions
by ESD. The sample was too small to break out a 1B popula-
tion, so 0.17 joule will be chosen as the ESD sensitivity
criterion.

Figure 18 shows the mean + one standard deviation of the
thermal sensitivity (autoignition temp @ 5 s) for population
IA and population 3 materials. There is statistically no
difference in the thermal sensitivities of the two popula-
tions.

In order to obtain a criterion for thermal sensitivity,
other means must be used. In scme hazards analyses where
only limited date on the process are available, a temperature
between 10 and 20 percent above the maximum process operating
temperature is assumed to be the highest potential of the
process. Thus, it would not be unreasonable to use as the
thermal sensitivity criterion the maximum process operating
temperature + 20 percent.

There were insufficient data on which an {impingement
sensitivity criterion could be based. Therefore, as was done
with thermal sensitivity, the {mpingement sensitivicey cri-
terion is taken as the maximum process impingement velocity
+ 20 percent.
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No data exist on which an adiabatic compression sensi-
tivity criterion can be based. Adiabatic compression is
quite possible during impact, but it is unknown how the two
effects can be separated. Therefore, no adiabatic compres-
sion sensitivity criterion can be found.

The hazards classification sensitivity criteria which
were obtained in this analysis are presented in Table 17.

There are several shortcomings to this analysis which
should be noted. These can be summarized as follows:

e A sample rather than the entire DDESB accident base
was used. Theoretically, the sample is indicative
of the whole; however, no checks of the sample have
been made.

e The populations on which some of the statistics have
been based are rather small due to the accideat
sample size, lack of data on all the sampled
accidents, and lack of an exact description of the
materials. This small sample size implies that large
changes in the statistics are possible with only a
few additional data points.

e The Radford AAP data that was used had already been
converted to engineering units without supplying the
original data. Such original data would have been
helpful in attempting to correlate Radford data with
those from other sources.

These shortcomings may or may not affect the sensitivity
criteria. It is recommended, however, that the shortcomings
be investigated in greater detail in a later program by using
the entire DDESB data base, and by using raw Radford AAP

data to obtain correlations with other sources.
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Table 17

Hazards classification sensitivity criteria

Mixing

Friction
Impact
ESD

Pressing

Friction
Impact
Adiabatic

compression
ESD

Reactor
Heating
ESD

brying

Friction
Impact
Heating

ESD

Screening

Friction
Impact

ESD
Impingement

Filling

Friction
Impact
ESD
Heating

Conveying

Friction
impact
Impingement
ESD

x 108 newtons/m2 @ 2.4 m/s
x 104 joules/m2
.17 joules

5.66 x 108 newtons/?z @ 2.4 m/s
3.34 x 10% joules/m
Unknown

0.17 joules

Maximum process operating
temperatur2 + 20%
0.17 joules

2.55 x 108 newtons/m? @ 2.4 m/s
0.69 x 104 joules/m2

Maximum process op:rating temper-
ature + 207%

0.17 joules

2.55 x 108 newtons/m2 @ 2.4 m/s
0.69 x 104 joules/mZ

0.17 joules

Maximum process velocity + 20%

2.55 x 108 newtons/m? @2.4r/s
1.57 x 104 joules/m?

.17 joules

Maximum process operating temper-
ature + 20%

o

2.55 x 108 rowtons/m2 @ 2.4 m/s
1.57 x 10% joules/m

Maximum process velocity + 20%
0.17 joules
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DEVELOPMENT OF PRELIMINARY
HAZARD CLASSTFICATION PROCEDURES

Preliminary Procedures for In-Process Hazard Classification

Hazard classification is in reality a two-step process.
The first step is to gather the data necessary to classify
the material by the use of specified tests. The second step
is to interpret the test results and determine the material's
classification. The foilowing secitions present our current
thoughts in both areas. It should be stressed that the ideas
presented are preliminary in nature and are subject to change.

Testing

There is much information which could be gathered on a
material depending on the tests and test instrumentation
specified. Some of this data is necessary to properly clas-
sify the material and some is not. Due to the expense of
testing, our philosophky is to conduct only those tests that
are neccssary and to structure or specify the tests in such
a mannel that the data can be used for more than just the
hazards classification (e.g., hazards analysis also).

The testing that should be conducted can be divided intc
three basic classes:

¢ General material properties,

e Material sensitivity, and

o Effects of an accident
The tests are further divided into tests which will be ccn-
ducted on all materials, and tests which will be conducted

only when specific test results or process operations dic-
tate that such tests be conducted.

The general material tests are to determine:

e Material characteristics such as particle size
distribution or compositicen.

e Electrical properties which indicate the material's
propensity to collect and retain electrestatic
charges, and

2 Whether or not dusting is a problem, and the range
of dust concentrations thit are likely.
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The last test is not necessary if the matcrial is a liquid
or a slurry. However, in these cases vapor may be a problem.

The sensitivity tests are to determine the material's
sensitivity to various stimuli. The stimuli used are deter-
mined from the results of the accident analysis which cor-
related stimuli with process operation. At this time it is
expected that tests to determine sensitivity to friction,
impact, heating and ESD will be conducted on all materials.
Additional tests to determine sensitivity to impingement.
adiabatic compression and ESD in dusts may be required wher
specific materials or process operations are involved.

The output tests are to determine the effects of an .
accident. These effects would be the hazards that could b
occur as a result of an accident--namely blast, fragments,
and thermal effects.

Figure 19 shows how these tests would be combined to
form an integrated test plan. A more detailed description
of the data desired from the tests is presented in Table 18.
This table also lists standard tests which may or may not
provide the required data.

As can be seen in the table, there are many 'standard"
small-scale tests which could be sultable for the hazards 4
classification procedure. An evaluation of these tests was . |
conducted. This evaluation, in general, consisted of deter-
mining the following:

e Is the test capable of handling all the in-process
material states (i.e., liquid, slurry, granular,
or solid)?

k
e Does the test simulate 2 condition which exists in the i
process? i

e Does the test provide meaningful data?

B R

For sensitivity tests, an additional criterion was needed:

e Can the results be used as data input for a hazards
analysis?

While this last criterion is not necessary for hazards clas-
sification, it would minimize the need for duplicating the
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tests for other purposes. The results of this evaluation are
summarized in Appendix B,

The test results will be most useful if they are given
in basic units, and sufficient replicate tests are conducted
to be meaningful statistically. The strength or intensity
of a stimulus would have to be varied over a sufficient
range to permit drawing curves of probability of initiation
versus intensity of stimulus. Such data would be in a form
directly applicable to hazards analyses. Unfortunately, the
number of tests may be excessive for a hazard classification
test program. Much of the current data on material sensi-
tivity are presented for threshold initiation levels (TIL),
which are the largest possible stimuli at which no ignitions
are observed in either 10 or 20 tests. Such data can be
used in hazards analyses, and since they require fewer tests,
TIL data will generally be specified.

It should be noted that there could be a problem with
the effects tests. The process materials and operations are
almost always enclosed in a building or other structure.

If the process is a new one, the building could be substan-
tial ("TM walls'"). Therefore the blast, fragments,and fire-
ball measurements taken during the effects testing may be
difficult to apply as they do not include the effects of the
building--especially in stopping primary fragments and con-
tributing secondary fragments.

daas s

—

Interpretation of Results

The tests that are performed are intended to gather
sensitivity and effects data on which a hazards classifi-
cation can be based. Unfortunately, such data can be
likened to the proverbial apples and oranges which, as the
saying goes, cannot be compared. The sensitivity data indi-
cate the likelihood of an ignition (apples) and the effects
data the results of an igniticn (oranges).

T T 0

The hazards classification assigns the material to a
class which is indicative of the degree of hazard associated
with the material. The class determines the quantity-distauce
! relationship. Thus, hazards classification is primarily aimed
at the effects of an accident.

l Currently, the only effect of an accident that is ad-
' dressed is blast overpressure. The current quantity-distance
tables are intended to provide sufficient distance that the
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blast overpressure is reduced to about 1.0 psi (7 x 103 Pa)
at the inhabited-building distance. Unfortunately, because
of the emphasis on blast overpressure, equally hazardous
effects such as fragments, thermal radiation, and fireball
are virtually ignored. Thus the classification procedure
must be changed to account for all hazards.

R

In order to consider all hazards, it is necessary to
adopt terminology which is descriptive of the hazards and
their effects. Temporarily, we will adopt the following
terms and definitions.

Threat- any hazard which is capable of causing
fatalities, injuries,or property damage.

Threat Distance - the distance at which a hazard
ceases to be a threat due to natural reductions
in the hazard's available energy.

okl Lt e o g Bl

In order for the quantity-distance requirements to supply
any protection, it is necessary that the threat distance be
1 less than or equal to the required separation distance. This
can be accomplished by using a threat equivalency analogous
to TNT equivalency. This would be the ratio of a standard
weight to a process charge weight which would produce equiv-
alent damage at the same radial distance from each charge .
(equal threat distances). 1

1 Scaled distance is usually defined as the ratio of dis-
{ tance to the cube root of the charge weight. If W is the

: charge weight and L is the threat distance, the scaled
distances are:

S
A S 173 (L
8
LP
f and )\p- m (12,
p

where the subscripts s and p refer to the standard charge and
the process simulated charge, respectively.
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From the definition of threat equivalency, TE, we have:

at L =1 (13)

By combining Equations 11, 12 and 13, we have

3 3

A L
TE=GD = —;P— (14)
s W
s p

In order to use Equation 14, we must define our threats.
Using the criteria given in the UN-NATO document, fragments
are a threat if the fragments have energies of 79 J or more
and occur at a density of per 1 per 56 n? or more, thermal
radiation is a threat if the radiant heat flux is
1.3 x 104 J/mz/s or more, and the fireball is a threat out
to its outermost radius. Overpressure is a threat to struc-
tures at 7 x 103 Pa and to glass at pressures less than
1.4 x 103 Pa. For now, a criterion of 3.5 x 103 Pa will be
used. By definition, these threats are all equivalent in
that they all can produce fatalities, injuries,or property
damage albeit by different mechanisms.

If we take the standard charge as a bare hemispherical
charge of TNT, the scaled distance, As’ necessary to produce
the overpressure threat can easily be obtained from tables
of overpressure vs scaled distance. The threat distance, L_,
would be the maximum of the threat distances for overpressuge,
fragments, thermal radiation,or fireball as measured in the
effects tests; and the charge weight, W , would be the charge
weight used in the effects tests. Thus? ail the data neces-
sary for calculating the threat equivalency are easily ob-
tained. It should be noted that the overpressures used to
define the threat distance and the standard scaled distance
A need not be the same. Different overpressure standards
would provide either increased or decreased margins of safety
depending on the overpressures chosen.

The threat equivalency can be used to scale the weight
of process material when applying the quantity-distance stan-
dards. This would eliminate the problem of materials with
different outputs, such as two mass detonation materials with
TNT pressure equivalencies of 30 percent and 120 percent
(e.g., black powder and C4). This would £lso eliminate the
need for specifying minimum scparation distances as is done
in the UN-NATO classification procedure.

n T AS—— 2.° b N e B S SO e s -




e T

deaispoc s sl ag

The threat equivalency can also be used to determine the
appropriate hazards classification by specifying ranges of
threat equivalencies for each class. If there are four
hazards classes, the ranges of equivalencies may be those
given in Table 19.

Table 19

Standards for classifying materiais

Threat equivalency Class

107 or more 1.1
1% to 10% 1.2
0.2% to 1% 1.3
Less than 0.2% 1.4

These breakdowns are similar to those in the UN-NATO hazard
classification procedure. With this classification scheme,
it is expected that Class 1.1 will represent primarily a
fragment or overpressure threat, Class 1.2 primarily a
fragment threat, Class 1.3 primarily a thermal radiation
threat, and Class 1.4 primarily a fireball threat.

There is a certain amount of uncertainty built into this
classification procedure due to the uncertainties in the data
from the effects tests. This is particularly important when
a material is near the boundary between classes. Thus, we
anticipate using the results of the sensitivity tests :o
decide in which class to place borderline materials. Basi-
cally, this will be done by moving boundary line materials
with low sensitivity test results into the next higher class.
The philosophy behind this decision is that a more sensitive
material is more likely to become involved in an accident.
Thus, over a long period of time, a more sensitive material
will participate in more accidents than a less sensitive
material, and there will be more of a chance that the effects
of the accident will be greater than those predicted in the
effects tests. Therefore the material should be placed in
the next highest class.

Whether or not a material has low sensitivity will be

determined by comparing the material's sensitivity as deter-
minted in the sensitivity tests with the sensitivities of
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materials which have been involved in accidents, This in-
volves the use of the sensitivity criteria described earlier.

A preliminary worksheet has been prepared to illustrate
how the classification procedure would work., The worksheet
is presented in Fig 20 and a table of criteria from the pre-
vious section is repeated as Table 20.

Step 1 of the procedure requires the person to fill in
the threat distances assoclated wiili fragmeonte, thermal radi-
ation, overpressure and fireball. Criteria are given for
what is a threat situation. Step 2 selects the maxaimum of
the threat distances for later use in calculating a threat
equivalency. Step 3 requires entering the weight of piocess
material utilized in the test. This will also be used in
calculating the threat equivalency.

Step 4 requires specifying a description of the process.
With this information, Table 10 which contains the criteria
for sensitivity can be used. These criteria were determined
from accident and sensitivity data. As there may be more
than one process operation in a given building, Step 5 is
provided as a '"scratch sheet' for writing down all the cri-~
teria. The smallest of the criteria for each type of stimulus
is the worst case--the most sensitive. This is listed in
Step 5 along with actual sensitivity test data. The sensi-
tivities are compared, and the number of times that the pro-
cess material is more sensitive than the criterion for each
stimulus is summed and entered in Step 7.

Step 8 calculates the threat equivalency. This is used
to scale the weight of process material when applying the
quantity-disgtance standards. The constant used in the equa-
tion is_1/)g~ where Ag is the scaled distance for 1.00 psi
(7 x 103 Pa). Step 9 calculates the classification equiv-
alency by multiplying the threat eq:ivalency by 1000 and
adding the penalty factor. The penalty corresponds to an
addition of 0.2 percent threat equivalency for each time the
process material is more sensitive than the criterion.

Step 10 converts the classification equivalency te a
hazard class and is identical to the criteria given in
Table 20. Due to the scale factor of 1000, a classification
equivalency of 100 corresponds to a threat equivalency of
0.10 or 10 percent.

The procedure is somewhat confusing, so an example is
presented which utilizes assumed numbers.
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1. Fill in the fo.lowing large-scale test results using
average data from the three tests. If the large-scale
tests were not required, enter zeros,

a. Distance at which fragments with a. ft (m)
energies of 58 ft-1b (79 J) or
more have a density of no more
than one fragment per 600 esquare
feet (56 mz)

b. Distance at which the radiant b. fr (m)
heat flux was no moie than
0.3 cal/cm?/sec
(1.26 x 10% J/m/s)

ft (m)

(]

c. Distance at which the blast
overpressure was no more than
1 psi (7 x 103 Pa)

d. Maximum measured fireball d. ft (m)
radius (do not use averuge

results)

2. Enter the biggest number from Step 1 a to d.

L= ft (m)
3. Enter the weight of material used in the large-scale
tests.
We pounds (kg)

4. From the foliowing list, select the process operations
vhich beat describe your process building or area. Enter
the letter which precedes the operation in the top row of

Step 5.
a. Mixing e. Screening
b. Pressing f. Filling
c. Reactor g. Conveying
d. Drying h. Machining

Fig 20 Preliminary hazard classification worksheet
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Table 20 contains a list of criteria for the process
operations listed in Step 4. Refer to Table 20 and enter
the given criteria, for your process operations, in the
spaces provided below. If no criterion is given, leave
the space blank.

Process Operation =+

a. ESD layer

b. Small-scale impact
c. Friction

d. ESD dust

c. Large-scale impact

f. Impingement

g. Thermal

h. Adiabatic compression

Choose the smallest number in each line (row) from Step 5
and enter that number in the appropriate space in Col. 1
below. Record your test results (threshold initiation
level) in Col. 2.

Ccl. 1 Col. 2 Col. 3
(from (your
Step 5) data)

a. ESD layer -
b. Small-scale impact

c. Friction

d. ESD dust

e. Large-scale impact

f. Impingement

g. Thermal

h. Adiabatic compression

Subtract Col. 2 from Col. ). In Col. 3, enter a zero (0)
if the result is negative or a one (1) {f the result is
positive. If no number appears in either Col. 1 or Col. 2,
enter a zero (0).

Fig 20 Preliminary hazard classification worksheet (contd)

65




T ———

hascaogiey o)

7.

10.

Sum the numbers in Step 6 Col. 3 and enter in the space
below.

N=

Calculate the threa: equivalency, TE, using data from
Steps 2 and 3.
-s, L .
TE = (1.055 x 10 7) v (constant = 1.69 x 10
ST united are used)

¢ if

3

TE = (1.055 x 107°) g——-——-———-;

TE =

This threat equivalency will be used to scale the weight
of pr. -uss material when applving the quantity-distance
standards.

Calculate the classification equivalency, CE, using data
from Steps 7 and 8.

CE = 1000 x TE+ 2 x N
CE = 1000 x ( ) + 2( )

CE =

Using the classification equivalency, find the hazard
classification from the table below.

CE Hazard Classification

100 or more Class 1.1 Mars detonating
10 5 CE < 100 Class 1.2 Explosion -

1 <cCE< 10 d~flagration
0 < CE < 1 Class 1.3 .ntense fire
0 Class 1.4 Minor fire

Fig 20 Preliminary hazard classification worksheet (concl)
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Table 20

Hazards classification sensitivity criteria

Mixing

Friction
Impact
ESD

Pressiny,
Friction

Impact
Adiabatic

compression

ESD

Reactor

Heating
ESD
Dryin

Friction
Iinpact
Heating

ESD
Screening

Friction
Impact

ESD

Impin ‘cment

Filling

Friction
Impact
ESD
Hcating

Conveying

Friction
Inpact
Impin;.ement
ESD

4.54 x 108 newtons/m2 @ 2.4 m/s
3.34 x 104 joules/m2
0.17 joules

5.66 x 108 newtons/?2 @ 2.4 m/s
3.34 x 104 joules/m
Unknown

0.17 joules

Maximum process operating
temperature + 207%
0.17 joules

2.55 x 108 newtons/m2 @ 2.4 m/s
0.69 x 10% joules/m2

Maximum process operating temper-
ature + 20%

0.17 joules

2.55 x 108 newtons/ml @ 2.4 m/s
0.69 x 104 joules/m?

0.17 joules -

Maximum process velocity + 20%

2.55 x 108 newtons/m @ 2.4 m/s
1.57 x 10% joules/m2
0.17 joules

Maximum process operating temper-
ature + 207

2.55 x 108 newtons/m @ 2.4 m/s
1.57 x 10% joules/m2

Maximum process velocity + 20%
0.17 joules
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Example

One building at the XXXX Ammunition Plant processes 10,000
pounds of propellant MX a day. At any given time, there is
not more than 500 pounds (227 kg) of propellant in the build~
ing. The process operations which occur are extruding
(pressing) the propellant into strands and conveying the
strands to storage bins at 164 fps (50 m/s). The appropriate
tests were conducted on the material with the follo'7ing

results.

Sensitivity: ESD-layer 0.20 joules 2
Impact 2.80 x 10% newtons/m
Friction 1.33 x 108 joules/m?
Heating 300°C
Impingement 1000 m; s

Effects: Fragments 167 ft (50.9 m)
Overpressure 125 ft (38.1 m)
Thermal radiation 105 ft (32.0 m)
Fireball 40 ft (12.2 m)
Test weight 500 1b (227 kg)

Referring to Fig 21 which is the example of a completed
hazard classification worksheet ,we have completed the
f.:1lowing:

Step 1 - Entered the threat distances of 167, 105,
125 and 40 ft

Step 2 - Entered the biggest of the threat distances
from Step 1 - 167 ft

Step 3 - Entered the test weight of 500 1b

Step 4 - Marked process operations b and g in the row
provided in Step 5

Step 5 - Entered the criteria from Table 20 lines b and
g in the appropriate column

Step 6 - Entered the minimum criterion for each stimulus
in Column 1 and the test data in Column 2. Zeros
and ones were entered in Column 3 on the basis of
subtracting Column 2 from Column 1. The number 1
in Column 3 indicated that the nmaterial did not
pass the friction test.

Step 7 - Entered the total number of sensitivity test
failures (one) into the space

Step 8 - Calculated the threat equivalency of 0.0983 (9.92)

6"

|
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Step 9 - Calculated the classification equivalency of 100.3
and rounded it off to 100

Step 10 - Looked in the table and found that the material
was Class 1.1

ey

1y

Ja s
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Preliminary hazard classification worksheet

Fill in the following large-scale test results using
average data from the three tests. If the large-scale
tests were not required, enter zeros (0).

a. Distance at which fragments with a. 167 ft
energies of 58 ft-1b or more have
a density of no more than one
fragment per 600 square feet

b. Distance at which the radiant hest b. 105 ft
flux was no more than 0.3 cal/cm‘/s

c. Distance at which the blast over- c¢. 125 ft
pressure was no more than 0.5 psi

d. Maximumn measured fireball radius d, 40 f¢t
(do not use average results)

Enter the biggest number from Step 1 a to d
L =167 ft

Enter the welght of material used in the large-scale
tests.

W = 500 pounds

From the following list, select the process operations
which best describe your process building or area.
Enter the letter which precedes the operation in the
top row of Step 5.

a. Mixing e. Screening
b. Pressing f£. Filling

c. Reactor g. Conveying
d. Drying h. Machining

Fig 21 Sample classification problem
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Preliminary hazard classification worksheet

5. Table 20 contains a list of criteria for the process opera-
tions listed in Step 4. Refer to Table 20 and enter the
given criteria, for your process operations, in the spaces
provided below. If no criterion 1s given, leave the space

f blank.

E Process Operation ~+ b g o
a. ESD layer 0.17 0.17

, b. Small-scale impact 3.43x104 1.57x104

l c. Friction 5.66x10°  2.55x10°

' d. ESD dust

e. Large-scale impact
f. Impingement 60

g. Thermal

h. Adiabatic compression

6. Choose the smallest number in each line (row) from Step 5 and
: enter that number in the appropriate space in Col. 1 below.

] Record your test results (threshold initiation level) in Col. 2. y
: Col. 1 Col. 2 Col. 3
(from Step 5) (your data)

! a. ESD layer 0.17 0.20 0

4 b. Small-scale impact 1L§z§;gﬁ 2.80x104 0
c. Friction 2.55x108 l.33c108 1
d. ESD dust 0
e. Large~scale impact 0

f f. Impingement 60 1000 0

| g. Thermal - 300 0

]

0

h. Adiabatic compression

1 Subtract Col. 2 from Col 1. 1In Col. 3, enter a zero(0) if the re-
sult is negative or a one (1) if the result is positive. If no num-
ber appears in either Col. 1 or Col. 2, enter a zero (0).

] Fig 21 Sample classification problem (contd)
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Preliminary hazard classification worksheet

7. Sum the numbers in Step 6 Col. 3 and enter in the space below.

N= 1
8. Calculate the threat equivalenvy, TE, using data from Steps 2
and 3. 3
-5, L
TE = (1.055 x 10 ) W
3
- =5 ( 167 )
TE = (1.055 x 10 7) T 500 )
TE = 0.0983

This threat equivalency will be used to scale the weight of
process material when applying the quantity-distance standards.

9. Calculate the classification equivalency, CE, using data from
Steps 7 and 8,

CE=1000 x TE+ 2 x N
CE = 1000 x (0.0983) + 2 (1)
CE = 100.3

10. Using the classification equivalency, find the hazards classi-
fication from the table below.

CE Hazards classification

100.3 100 or more Class 1.1 Mass detonating
10 < CE<100 Class 1.2 Explosion-deflagration
1 CE< 10 Class 1.3 Intense fire

<
0 < CE< 1 Class 1.4 Minor fire

Fig 21 Sample classification problem (concl)
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This example was set up so that a borderline case would
be illustrated. Here, the penalty caused the material to
be Class 1.1 rather than Class 1.2. If the material had not
"failed" any of the sensitivity tests, the classification
equivalency would have been 98.3 or 98 which is a Class 1.2
material.

Figure 22 shows the current quantity-distance require-
ments for DoD hazard classes. The threat distances taken
from this example are plotted on the figure. By inspection,
a military Class 7 designation would have to be given to
this material as Class 2 does not provide protection from
the threat. Using the UN-NATO criteria, the material would
be assigned to Class 1.2 with a minimum separation distance
of 167 ft (50.9 m). Thus, our procedure yields essentially
equivalent hazard classes as the current DoD and UN-NATO
systems. However, our system has the added benefit of a
threat equivalency which scales the weight to ensure that
only the minimum separation distance is called for.
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EVALUATION OF SELECTED SMALL-SCALE TESTS

An experimental program was designed to evaluate the
feasibility of using selected small-scale tests in hazards
classification procedures. Numerous small-scale and some
large-scale tests exist which could be applicable to a haz-
ards classificaticn procedure such as the one described in
the previous section. These tests were surveyed and the
most promising candidates selected for experimental evalua-
tion. Four representative in-process propellant and ex-
plosive materials were chosen for the program. Detailed eval-
uations were completed for eight types of sensitivity tests,
but not all of these reached the experimental stage. The de-
talled evaluations are described below.

Selection of Small-Scale Tests to Be Evaluated

A survey was made of existing and proposed tests which
could be applicable to the described hazards classification
procedures. The categories of tests surveyed included:

e Friction sensitivity tests, including viscous friction

o Small-scale impact and adiabatic compressioa sensi-
tivity tests

o Dusting tests

e Transition tests

e Electrostatic discharge (layer) tests
e Electrostatic discharge (dust) test
e Thermal tests

¢ Electrical properties tests

e Large-scale impact tests

The results of the survey are presented in Appendix B, where
the following information is ocutlined for each test category:

test objective

operating proccdure

e test description

applicability to hazards classification

general discussion




¢ best standard tests, and in some cases a need for
a new test, and

o references.

Selection of Materials Used in the Evaluation

To gain the most information from the small-scale test
program, it was desirable to select materials from different
stages of processing with different forms and different char-
acteristics. It was also desirable to use materials which
have known sensitivity characteristics. A number of materials
were evaluated, and the following were selected:

1. Ml single perforated extruded strands, solvent
wet, 12 to 25 percent total volatiles (TV)

2. M26 premixed paste, solvent wet, 13 percent TV
3. M30 air dried pellets (grains), 9 percent TV

4, RDX—HZO slurry, 15 percent solids

The choice permitted evaluation of a single base propellant
(M1), a double base propellant (M26), a triple base propellant
(M30), and an explosive (RDX). Three different material

forms were involved: 1) solid, 2)paste and 3) slurry. Three
different solvent levels were represented. In addition, pres-
sing/extrusion (M1), mixing (M26), drying (M30), and conviy-
ing (RDX-H,_0) were covered. Impact and friction sensitivity
data from ﬁddfcrd AAP were available for all four materials.

Discussion of Detailed Evaluation of the Selected Tests

Detailed evaluations were completed for these e¢ight
selected tests:

Test Evaluated Subsection

Transition

Impact Sensitivity
Friction Sensitivity
Dusting Propensity
Dust Explosibility
Electrical Properties
Electrostatic Discharge
Thermal

.
)
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Transition Tests

The objectives of transition tests are to determine the
critical diameter of the matertal for propagation of an ex-
plosive reaction, and to determine the critical height at
which transition from burning to a detonation takes place.
Knowing the critical charge dimensions 1s important in asses-
sing in-process hazards. For example, if the process never
utilizes a diameter larger thar the critical diameter, it
would be quite unlikely that a detonation would occur under
any conditions in that process. Also, if all process charge
lengths are less than the critical height, then it is un-
likely that a deflagration will progress to a detonation.

The transition from a flame or other type of thermal
initiation to a deflagration or detonation is affected not
only by the dimensions of the material, but also by material
density and confinement. Because of this, transition tests
should be flexible and consider a range of densities and de-
grees of confinement.

Test Procedure: General

All transition tests used steel seamless mechanical
tubing of various diameters and wall thicknesses. The ranges
and sizes are listed in Table 21.

Each tube assembly was weighed prior to loading the
sample material. The initiators were also weighed prior to
loading. The sample materials were then lcaded into the
tubes and weighed again. The total volume oocupied by the
sample was noted so that the bulk density could be determined.
Various densities can result depending on the amount of pack-
ing or tamping done during loading. A few trial loadings
may be necessary to achieve the proper bulk density equiva-
lent to that in the process plant.

Table 21

Tube Characteristics

Inside Outside Wall
diameter diameter thickness
(cm) (cm) (cm) t/D1
12.7 14.0 0.64 0.050
8. 89 10.2 0.64 0.071
6.35 7.3 0.48 0.075
4.92 5.7 0..2 0.081

77

e

e




P

it o b

cpd il U e Rl sk

R O Y NI T

Table 21 (cont)

Tube Characteristics

Inside Outside Wall
diameter diameter thickness t:/Di
(cm) (cm) (cm)

3.52 4.1 0.30 0.087
2.57 3.2 0.30 0.119
1.99 2.5 0.28 0.139
1.85 2.1 0.11 0.059
1.43 1.6 0.081 0.057
1.26 1.7 0.24 0.191
0.85 1.1 0.13 0.155
0.62 0.81 0.089 0.142
0.38 0.48 0.048 0.126
0.16 0.65 0.25 1.565

Test Description:Critical NDiameter

For the critical diameter test, the sample material is
initiated using a high explosive booster. The material diam-
eter is varied and the ability of a detonation to propagate
through the charge is determined. The critical diameter is
the smallest tube inside diameter, for the given tube material
and wall thickness, at which a stable detonation occurs.

Typical test arrangements for determining the critical
diameter are shown in Fig 23. The arrangements consist of
tubes filled with the test material, an explosive donor sys-
tem, and a means of measuring the reaction propagation velo-
city. The test can simulate various process configurations
by choosing tiie tube material and wall thickness which best
simulates the type of confinement in the process.

Two methods to measure detonation velocity were evaluated
experimentally. One method used a continuous wire resistance
probe and the other used ionization probes. The resistance
probes, although more expensive, give more reliable results
than the ion probes and therefore should be used in hazards
classification tests. This holds true even if more ion probes
are used than the number shown here.

In each critical diameter test, the C4 explosive booster
was cylindrical with the diameter equal to the pipe inside
diameter, and a length to diameter ratio of 1. A tetryl pel-
let, 1.3 cm dia x 1.3 cm long, and a number 6 blasting cap
initiated the C4 booster.

8

i % o —




ihoice

T /% Y —

ey Y YT

T ey

LR ladnes

Resistance probe

e

=0

T 1T ) Pipe
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Fig 23a Critical diameter test apparatus
velocity from resistance probe
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Explosive sample } lon probe (end o-zcope trace)
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Fig 23b Critical diameter test apparatus
velocity from ion probes
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For the apparatus shown ian Fig 23b, the charge was placed
on a witness plate so that the blast was directed downward.
All witness plates were 0.32 cm thick stzel plates. The inten-
sity of the reaction was determined by velocity measurements.
The witness plate damage provided additional evidence as to
th: severity of the reaction. Posttest fragment size also as-
sisted in determining the saverity of the reaction for both
types of apparatus, (Fig 23a and Fig 23b).

Test Description: Critical Height

For the critical height test, the test material is sub~
jected to a flame ignition. The critical height is defined
as the distance (height) at which a transition occurs from
burning to deflagration or to detonation.

A flame or other type of thermal ignition source is a
more likely iniriating event within a process than a shock
wave of the type produced by a high explosive. Therefore
it is important to determine the distance required for the
material to make the transition from burning to deflagration
or detonation. If the largest process length is less than
this transition distance, then it i{s improbable that a defla-
gration will propogate into an explosion.

A typical setup for determining the critical height is
shown in Fig 24. This apparatus consists of a tube filled
with test material, a flame igunition scurce, and a means of
measuring the reaction velocity. This test uses the same
tube materials as the critical diameter rest and begins at a
diameter larger than the critical diameter to assure that a
detonation can result.

The critical heigh: is expected to depend upon the quan-~
tity of ignited material, its energy content, and rate of
energy release. Therefore the igniter used in the tests
should be standardized. For these tests, various amounts of
black powder were uscd to initiate a burning reaction in the
sample. A squib (Dupont 5-65) was used to ignite the black
powder Iginiter bag. Also for rhese tests, a 0.64 cm thick
steel plate was welded to the bottom of the tube and a 0.64 cm
dia hole was drilled in the center for the squib to fi: snugly.

In addition to velocity measurcments, posttest recovery
of fragments and tube sections is important for evaluating
the test results. The portion of the tube which experiences
a burning reaction remains essentially intact, whereas a
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detonaiion or explosion causes the adjacent tube material to
be fragmented into small pilecas. Therefore the critical
height could be determined approximately by measuring the
length of the recovered section of tube. Beyond that length,
detonation or a violent explosion must have occurred destroy-
ing the additional section of tube.

Test Results: Critical Diameter

Forty one tests were conducted on the four pilot materials
to determine their critical diameter. The data are presented
in Table 22. Velocity calculations were based on data from
ion probes and continuous resistance probes. The measure-
ments from these data are listed in Table 23. Figures 25a
through 25f show some typical records obtained using both
methods. The oscillos:ope trace is a measure cf the distance
the reaction front travels as a function of time. The velo-
city of the reaction front is determined from the slope of the
oscilloscope trace. Some records indicated that there was an
initial high velocity caused by the booster and then a grad-
ual tapering off (Fig Z5c¢ and 25d).

Figure 25e and 25f show records obtained using ion probes.
The signal is initiated by the ion probe in the booster and
is terminated by a probe placed in the explosive or propellant
material. The distance between the two probes is measured
before the test, and the time for the reaction to traverse
the distance is measured from the oscilloscope trace. The
ion probe data must be adiusted for the booster effects, since
the total time includes the time it takes the detonation fronmt
to propagate tiirough the booster. An average detonation velo-
city for C4 was chosen from the literature. With the booster
length known, the time to propagate through the booster was
computed and - ibtracted from the measured total time difference.
Table 23 summarizes the velocity calculations obtained from
the test data using both types of probes.

The data listed in Table 22 also shcw the severity of the
reaction by the comments on witness plate damage. Usually
there is a fairly clear indication as to the critical diameter
from this information. A severe dent with metal flow indi-
cates a high order reaction, whereas only a dent indicates a
low order reaction.

In addition to witness plate damage, the reaction front
velocity also can be used to determine if the critical diam-
eter has been reached. Fig 26, reproduced from Ref 40, shows
that thc detonation velocity reaches a plateau above a critical
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Table 23

Velocity calculations for critical diameter tests

Tube inside
diam. Displacement Time Velocity
Material (cm) (m) (us) (m/s)
Ml Strands 4.92 0.203 87.0 2340
3.52 0.143 54.0 RYE(
2.57 0.108 31.8*% avns
1.8 0.074 22, 7% 3260
1.26 0.089 15.8% 5620
M26 Paste 1.99 0.089 78.0 1140
1.85 0.074 13.7% 3460
1.26 0.089 60.0 1480
0.85 0.048 13,7% 3410
M30 Grains 4.92 0.203 64.0 3170
3.52 0.143 39.5 3610
2.57 0.108 32.8% 3290
1.85 0.074 7.7% 9620
1.43 0.089 28.2% 3150
1.26 0.089 29 .4% 3020
RDX Slurry 0.62 0.025 4.5 5490
0.38 0.033 6.7 4920

* Measured usin

follows:

ment, hand tamped, 2.54 cm di
density); time adjustment = A

8 lon probes; time adjusted for booster as

C4 detonation velocity = 8040 m/s (no confine-

actual time = measured time - Atb.
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ameter, 1.59 gm/cc
ty = booster length/8040;
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charge diameter. These data are for unconfined explosives
but the curye for encased explosives ghould follow the same
trends. The daca produced during the Present program using
continuous probes are plotted in Fig 27. The ion probe data
exhibited inconsistent fluctuations angd were judged to be
less reliable than the continuous probe data. It ia seen
that the Propellants (M1, M26 and M30) seem to exhibit ap
opposite trend compared to the secondary explosive RDX.

Test Results: Critical Height

Fourteen testg were conducted to determine critical
height. The Same type of tubes were used as in the critical
diameter tests. The test results are given in Table 24.

It was evident in Some cases that when a burning reaction
started and b.ilt up sufficient Pressure, the remainder of
the charge not yet involved in the chemical reaction was
blown out of the open end of the tube. Thig condition ig
indicated in the data table ag "burned — not fully consumed"”,
Sufficient tests have not been completed on all the materials

to define a critical height. In summary, however, the fol-
E lowing results were obtained:

Material Diameter Critical height
E

l (cm) (cm)
] Ml strands 4,92 > 59
£ Ml strands 1.99 > 89
M26 paste 2.57 3
; M26 paste 1.99 53
: M30 grains 6.35 > 99
1 M30 grains 4.92 > 58
RDX slurry 0.63 8

_ These values depend on Pipe wall thickness. It g seen that

the critical height decreases with the increasing charge
1 diemeter for the M26 Propellant, and Possibly also for the
' Ml strands.

Reconaendations: Transition Tests

A factorial test plan {g recommended to ninimize the actual
number of tests to determine the relationships between
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critical dimensions, detonation velocity, density, charge
diameter, casing thickness and booster size. Wide ranges
of each parameter are recommended to cover all possible con-
ditions that might exist in the in-process enviromment.

nada
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Impact Test

The objective of this test is to determine the energy
density necessary to initiate a material by impact. Accord-
ing to the accident analyses,impact was shown to be a primary
cause of in-process accidents., Accordingly, a test to deter-
mine the sensitivity of in-process materials to impacts that
might occur in an accident situation is imperative. Impacts
caused by dropping hand tools or the impact of elements with-
in process machinery are two examples of such in-process
stimuli.

As outlined in Table 15 for the four test explosives
evaluated in this pilot test series, the hazards classifica-
fion impact sensitivity criteria are listed:

Ml extruded strands 4 9
pressing operation 3.3 x 10" J/m

M26 premixed paste 4 2
mixing operation 3.36 x 10" J/m

M30 air-dried pellets 4 2
drying operation 0.69 x 10" J/m

RDX slurry 4 2
conveying operation 1.57 x 10 J/m

These are the energy levels to which the material could be
exposed in the specified process operation. Therefore, the
material sensitivities should be well below these levels.

Test Description

Many test machines have been constructed to evaluate the
relative sensitivity of mnaterials to impact. The basic opera-
tion of these machines, however, is very similar. Usually a
small sample of material (about 35 mg) is placed on an anvil,
or in a cup on an anvil. A hammer of known mass is raised to
a predetermined height above the sample and is released. The
falling hammer or drop weight impacts the sample either di-
rectly or indirectly through one or more intermediate strikers.

These machines have a common problem of not producing
quantifiable results that can be correlated with accident
stimuli or between different machinea. Each machine is
unique with regard to materialus of construction. The drop
weight and its height for 50 percent probability of ignition
glve ambiguous results for engineering usage. The output

94

e T N M A N R o




RS W

- — ot T D g 1 b R T SN AR e it

should be in quantifiable terms, such as energy denmsity (J/mz),
energy (J),or rate of energy transfer (J/s). With data in
these forms, results of various machines could be correlated
better.

The impact machine used in the present tests was designed
to provide useful output for hazards classification and haz-
ards analysis. The basic features of the impact machine are
shown in Fig 28b. Drop heights up to about 2 m are attain-
able. A piezoelectric-type force gage is mounted on the an-
vil directly under the sample cup and striker. The cup,
striker, and intermediate weight are identical to those of
the Bureau of Mines impact machine. An electromagnet lifts
the drop weight to the desired height which is indicated by
markings on the drop tube and cable. The windlass assembly
was designed so that one rotation of the windless crank raises
the drop weight 30 cm. The weight can be fixed at 2.5 cm
intervals. All impact parts are heat treated to a Rockwell
hardness of 55 or greater.

Since the sample is placed in a cup, materials of almost
any consistency can be tested (except liquids). Liquids re-
spond much differently than solids to the impact stimulus.
This necessitates using a separate fixture for liquid impact
testing.

The test measurement is the force the sample material
feels as a function of time. A typical data record is shown
in Fig 29, which is a photograph of an oscilloscope trace.
The vertical axis is calibrated in units of force and the
horizontal axis represents time. With the impact area knowm,
the pressure-time history can be calculated (pressure equals
force per unit area).

Several indicators are available for determining whether
or not ignition has occurred. The force-time record fre-
quently shows a spike in the trace if ignition occurred,or
ignition is detected by audio (sound), visual (smoke, char,
flash or flame), or infrared analysis (decomposition products).
Tarnishing of the polished striker surface is frequently an
indication of ignition.

Analyzing the force trace from the piezoelectric gage
will produce the desired quantities:

e energy

e rate of energy transfer, and

e energy density.
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Fig 29 1Impact test data of force versus time
(no explosive in cup)
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Time tl

Shaded area equals positive impulse: Area= 1= [Fdt

Fig 30 Analysis of impact sensitivity test data
from force vs time measurements
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The energy is determined from the area under the force-time
curve. This area is indicated in Fig 30 and is equal to the
positive impulse, I.

£
Area = I -f F dt . (19)

o
Energy, E, is calculated by:

2

2m (20)
where m is the drop mass. The rate of energy tcransfer, ﬁ,
is simply:

E =

2
» E I
E=— = (21)
tl 2n tl
The energy density, €, is calculated as:
€ = =
A 22)

where A is the area of the striker pin contacting the sample.

Two drop weight sizes were used with the present impact
apparatus: small weight, 2.21 kg and large weight, 4.42 kg.
The impact area was always the same. The striker pin diam-
eter was 0.64 cm. The impact area was therefore 0.32 sq cm.

Test Procedures

Ambient temperature for testing should be 25 + 5°C and
the relative humidity less than 40 percent. For granular
materials the sample size should be 35 + 1 mg and should be
tested "as received" (or in the actual in-process state).
For cast, molded, extruded, and injected explosives, each
specimen should be formed into a pellet or wafer not less
than 0.64 cm (0.25 in) in diameter and 0.064 + 0.025 cm
thick. The sample in any form should be uniform over the
total area of the sample cup and be less than 100 mg. Un-
fortunctely, pelletizing the test material usually changes
the in-process form of the material, either by changing its
geometry, its density, moisture content, percent volatiles,

etc. Thus it is questionable as to how meaningful this test
is, when the form of the material is changed.
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Of the four pilot test materials in this program, three
were formed into pellets, (M1, M26, M30). A small press was
used to press these materials to the desired shape. Pressures
between 3.5 x 06 and 2.1 x 107 Pa were sufficient to make a
uniformly appearing sample.

Since many in-process materials contain volatile solvents,
testing should be conducted without undue delays between sam-
ple preparation and the time of impact. For many in-process
forms, however, large changes in volatility occur during sam-
ple preparation.

The material sample wieght and description, drop weight
heigl:t,and force-time trace should be recorded for each
trial along with the test result (reaction or no reaction).

The force gage and striker pin should be cleaned after
each trial. If the striker pin becomes pitted or roughened
it should be removed, reground, and polished. A new sample
should Le used for each trial.

Testing should commence at a high enough drop weight
height to cause initiation .f the sample. A Bruceton or
"up-down" test sequence should then be used to find the 50
percent ignition probability. The statistical method for
determining the 50 percent ignition energy is detailed in
Refs 41, 42 and 43.

Test Results

Before testing, the perpendicularity of the drop tube
relative to the gage surface was checked. The drop tube was
first aligned with a level. Then a piece of white paper with
a plece of carbon paper overlaid was placed under the striker
pin on the gage surface. The drop weight was then raised and
released. The carbon imprint on the paper was observed. A
uniformly darkened area indicated the machine was satisfactor-
ily aligned.

Initial tests were conducted on RDX that had been dried
in a dessicator. These initial tests emphasized the impor-
tance of the sample location in the sample cup. Table 25
shows the results for RDX. A sample piled in the middle of
the cup showed a greater sensitivity to impact.

Additional impact test results are listed in Table 26.

Preliminary tests on the three propellants also showed the
importance of sample preparation. No reactions were obtained
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if the sample was tested as received in the actual in-process
state. The materials had to be pressed to a uniform condition
before reactions were achieved. Thus it is questionable if
the test results represent the behavior of the actual in-pro-
cess maverial. The lowest height at which reactions were
observed for each material are listed:

RDX (dried) 30 em
Ml strands 46 cm
M26 paste 56 cm
M30 grains 53 em

At the time these data were collected, no force-time measure-
ments were made. Therefore, no actual energy, energy density,
or rate of energy transfer calculations could be made. How-
ever, maximums of these quantities can be calculated based on
the potential energy of the drop weight at the heights indi-
cated. The equation for energy is

E=WxH (23)
where W is the drop weight and H is the height above the sam-
ple from which the weight was released. The energy density

also can be calculated knowing the striker pin diameter.
These calculations were made and are listed below.

Calculated energy

Material Calculated Bnergy (J) density (J/m2)
RDX 13.2 4.17 x 107
Ml 19.8 6.25 x 103
M26 24.2 7.64 x log
M30 23.1 7.29 x 10

A comparison of these data with the impact sensitivity cri-
teria discussed earlier (Table 15) shows that all the mater-
ials required greater stimuli thar those given by the cri-
teria. This indicates that these materials are less sensi-
tive than the criteria set for them. Therefore no penalty
would be levied on these materials in the classification
procedures. Obvicusly the method for calculating energy
density based on potential energy will give sensitivities
much too low. It may be that only a fraction of the energy
available is transferred to the explosive and this depends
on the materials used in constructing the apparatus and on
their hardness. More accurate results should be based on
the measurement of the actual forces felt by the explosive
sample.
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Recommendations

It is recommended that further tests be done on this im-
pact test apparatus or other fixtures to prove the validity
of the impact procedures for hazards classification. In many
situations the test sample must be significantly altered to
conduct the small-scale impact test. In these cases there is
serious doubt if the test results are meaningful. Whenever
the sample must be physically or chemically altered from its
in-process form, the small-scale test should not be used and
a gspecial test should be designed to allow testing of the in-
process form of the material.

Friction Test

The objective of this test is to determine the liklihood
that a material will ignite when subjected to friction. Accord-
ing to the analyses of accidents, friction is one of the pri-
mary causes. Friction tests are required :o determine the
friction sensitivity of the material.

The friction tests are designed to simulate frictional
forces between moving components ss, for example, in a sigma
blade mixer, or during machining and material handling. The
Thiokol strip friction tester for powders and propellancs
was designed to duplicate friction eavironments occurring in
processes such as scraping of a drum on a floor contaminated
with scraps of oxidizer ard propellant. The friction testers
also serve a second purpose. They can be used for evaluating
a material’s sensitivity to materials of construction, surface
finishes, slide length, contact area, velocity, and in some
cases the coefficient of friction.

The friction sensitivity critevion for hazards classifi-
cation wvas determined from the analysis of accideats. This
criterion depends on the process operation:

Mixing 4.45 x 108 N/ng at 2.4 m/s
Pressing $.66 x 10 N/u" at 2.4 m/s
Drying
Screening 8 2
Filling S x 10 N/m” at 2.4 m/s
Conveying

If che sensitivity value of ~© ...: {s below the critical

value, a penalty factor is levi.- n the classification pro-
cedure. If the friction sensitivicy value is greater than the
criterion, no penalty is assessed.
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The friction test should be conducted on all materials.
For the four materials tested ir this program the sensitivity
criteria are:

1) M1 extruded strands; 5.66 x 108 N/m2 at 2.4 m/s
pressing operation

2) M26 premixed paste; 4.54 x 108 N/m2 at 2.4 m/s
mixing operation

3) M30 air dried pellets; 2.55 x 108 N/m2 at 2.4 m/s
drying operation

4) RDX slurry; conveying 2.55 x lO8 N/m2 at 2.4 m/s
operation

Test Description

As discussed in Appendix B, the strip friction-type test
best fits the requivements for hazards classification. A test
apparatus wags therefore built based on this concept.

The basic friction test apparatus is shown in Fig 3l.
Its operation is as follows: The metal friction slip slides
in a 1.27 cm wide slot in the friction block. The normal
force is applied through the stationary force wheel by a hy-
draulic press. The fluid prcssure exerted on the press ram
is calibrated to give the force. The linear motion of the
friction strip is injitiated by a drop weight impacting the
arm attached to the rotating wheel. A potentiometer is
mounted to the rotating wheel which provides an electrical
signal for determining the linear velocity of the friction
strip. The area is based on the total area of the friction
strip pressed beneath the force wheel.

The sliding strip frictioa machine was primarily designed
to accomodate samples in the powdered, granulated, paste, or
solid state. Liquids are a separate issue requiring a fric-
tion apparatus for producing viscous effects.

Test Procedure

The friction block temperature should be 25 + $°C. Recom-
mended sample weights should be of the order of these values:

Secondary explosives 25 mg
Propellants 100 mg

The force wvhee', friction strip, and friction block should bde
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thoroughly cleaned with solvent. Testing should begin at a
high drop-weight height and normal force. The normal force
should be maintained constant while varying the drop-weight
height and resultant sliding velocity. A Bruceton or "up-
down" test sequence should be used to find the 50 percent
ignition velocity at a set normal force. Once this is com-
pleted, the normal force should be increased or decreased and
the Bruceton test sequence repeated.

The data that should be recorded for each test are the
maximum velocity, normal force, and the area swept out by the
sliding friction strip. The area is simply the total linear
travel of the strip times its width, Sample size and method
of preparation also must be documented.

TSI

Initiation of the sample is detected by a burnt smell,
loud sound, crackling sound, or by visually observing a flash
or charred friction surface.

Test Results

Preliminary test data have been collected on the M30 and
f M26 propellants, and the RDX explosive. These data are pre~
: sented in Table 27. The M30 pellets were cylindrical, with a
pattern of small axial holes in each pellet. This form did
not lend itself to the small-scale testing, so a slice of a |
pellet was taken and pressed at various pressures. The pressed .
material was then cut to the desired shape, 1.27 cm wide by

either 0.63 or 1.27 cm long. Pressing the samples between

10.34 x 10 and 13.79 x 10° Pa was adequate. The sample weight

varied depending o:: its length and the pressing force. The

maximum drop height of 1.43 m and weight of 4.54 kg were used

as starting points to maximize the probability of ignirion.

] No initiations, however, could be attained for the M30 pro-

: pellant with normal forces up to 9238 N. GCenerally, the sample

was mercly smeared under the force wheel. Similar results

were obtained for the M26 paste propellant with normal forces

up to 7917 N,

-

‘The RDX samples were dried before testing to increase the
I sensitivity. They were tested in this manner merely to try

to get an ignition to assure that the apparatus was operating
properly. Again no initiations were achieved with normal
forces up to 7917 N. The RDX was merely pulverized into a
fine powder after passing under the normal force wheel. Suf-
ficient normal forces to cause initiation in the present
friction appar:tus were probably not achieved.
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Recommendations

It is recommended that further effort be allocated to
investigate and refine the friction sensitivity test apparatus.
The normal force achievable on this apparatus is approaching
its limit with tle values reported herein. Some additional
work is necessary to extend this limitation.

For situations where the physical or chemical state of
the test material must be significantly altered to utilize
the small-scale test apparatus, the results would be highly
questionable, if meaningful at all. For such cases a special
test, probably much larger in size, should e designed to
adequately simulate the actual in-process situation.

Dust Test

The objective of the dust test is to determine if a
material has the propensity to create dust in the particular
in-process condition being studied. Dust may be defined as
a suspension, in air or other gases, of small solid particles
ranging in size from 0.05 to 1000 micrometers (Ref 44). The
dust, when mixed in the proper proportion with air, can form
a combustible or explosive mixture. It is not, however, the
objective of the dust test to determine the conditions under
which an explosion will occur. The dust test 1s used to
determine if a material will form dust in the first place,
and the range of concentrations to be expected.

Dusty atmospheres could ociur in process plants, for example,
in grinding or conveying operations, particularly with the
failure of dust collection systems. The dust tes% should pro-
vide a yes or no indication as to¢ whether or not dusting is a
potential problem. The test is not necessary with moist or
liquid materials which obviousl!y would not produce dust, or
with light fluffy materials where dusting is definitely a
problem. However, between thcse extremes, some dusting cri-
teria are necessary. The dust test is intended to provide
a basis for deciding if dust is a problem, and if the dust
explosibility tests should be conducted.

Upon inspection of the fcur pilot materials received for
testing, it was immediately obvious that dusting was not of
soncern for these materials.. The solvent contzined in all
four materisls prevented them from forming any dust.
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Test Description

Since no tests are avallable for determining a material's
propensity for creating dust, a new concept was developed.
It is desirable that the dust test provide quantitative data
on which to base the '"dustability" criteria. The concentra-
tion of dust in some defined volume will be the indicator of
dustability. Two important considerations in designing the
dust test are the means used to generate the dust and the
volume upon which to base the determination of concentration.
These points should in some way be correlated to the actual
in-process condition.

The chosen concept was to create the dust either by an
acoustically induced vibration or an electromagnetic exciter.
The sample would be enclosed in a glass tube and light measur-
ing instrumentation would be used to correlate reductions in
light transmission to dust concentratinn. An apparatus was
constructed based on this concept and is shown in Fig 32. An
electromagnetic vibration table is used in this case. A
piston screws into the vibrating mounting plate and slides
freely in a glass or plastic tube. The sample is placed on
tte top surface of this piston. The piston imparts a uniform
velocity to the sample particles. A photometer is used to
measure the decrease in light transmission caused by the sus-
pended dust particles. Measurements are to be made at various
heights above the average location of the piston surface.

The photometer output corresponding to the input vibration
amplitude and frequency will characterize the sample dustability.

The mass of dust at a particular height may be assessed
by using a iight scattering photometer. A near forward, dark
field instrument called a Sinclair-Phoenix photometer is common-
ly used for measuring a wide range of particle sizes. Light
from a tungsten filament lamp is focused in a hollow cone.
The light is then scattered by dust particles in the tube.
Only the scattered light is transmitted to the photomultiplier
and is measured. The signal from the photometer can be related
to the mass of dust in the viewing volume by calibration.
Calibration must be against a material with a known parvicle
size distribution. This is necessary since the particle size
distribution of the test material is not known. Figure 33
shows the details of the photometer, which was slightly modi-
fied for this application. A special adaptor was constructed
so two different tube diameters could be tested (22 and 11 mm)
The electromagnetic vibration exciter has limitaticns of
+ 1.27 cm amplitude and 2 to 3000 Hz frequency range. For
higher frequeacies an acoustical driver could be used.
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The calibration of the instrument should be in four ranges
of particle size distribution:

1 - 10 micrometer median size
10 - 30 micrometer median size
30 - 50 micrometer median size
50 - 100 micrometer median size

Candidate materials for the calibration are aluminum spheres
or glass beads. It is not necessary to use the vibration
table to generate the dust for calibrating purposes. A flow-—
through arrangement can be used where the dust is pulled or
blown through the tube for a known period of time and at
various volumetric flow rates. The sample dust should then
be collected on a preweighed 47 mm Millipore filter and
weighed to determine the total mass. The concentration (or
bulk density) is then calculated by the following equation.

M
Concentration At (24)

where M is the total mass, Q the volume flow rate, and At

the sampling time. The correlation between the photometer
signal and dust concentration is then established. For other
dust materials, all that is necessary is to measure the sig-
nal from the photometer at various heights along the sample
tube and then consult the calibration curve to find the dust
concentration versus height. The calibration signals, how-
ever, are likely to depend somewhat on the particle size dis-
tribution used. That is why four different particle size
ranges are recommended. It is then necessary to examine by
microscopy the actual dust samples to be tested to determine
what particle size calibration curve to use.

With the determination of the concentration versus height
curves at various vibration frequencies and amplitudes, '"dusta-
bility" criteria could be established. Some possible approaches
for determining these criteria are outlined below.

For a range of defined froguencies and amplitudes of vi-
bration, the minimum 50 percent signal intensity height should
be determined. This is shown in Fig 34. For the schematic
curves in Fiz 34, the minimum 50 percent signal intensity
Relgae would be the height corresponding to point one. 1If the
height does not appear to be an important factor, the actual
concentration at the 50 percent level could be the basis for
the criteria. The 50 percent level was chosen arbitrarily.

A lesser or greater level may prove to be more accurate.
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Fig 34 Schematic diagram of dustability test curves
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Another possibility is co select a specific height. If the

r material generates dust above a certain minimum concentration
at that height for any realistic frequency and amplitude of
vibration, then it is termed 'dustable'. These are two of
many possible methods for determining the dust criteria. The
pgaide behind the method should be that:

(1) The materials at the extremes of dustability
1 correlate with the criteria; i.e., light
fluffy materials show a high duscability; wet
J or moist materidls show low dustability.

(2) The dustability criteria be based on, or be
correlated to actual in-process conditionms.
For example, if the laboratory dust test uses
the dust concentration as a criterion of pass/
fail, it would be desirable if the concentra-
tion in the test correspond to the concentra-
tions experienced in the process plant for
that material.

] Recommendations

The apparatus for the dust test proposed here has been
constructed. No testing on propellants or explosives, how-
ever, has been accomplished. It is recommended that further
development effort be allocated to prove the concepts pro-

F posed hecre. Calibration and testing of a range of materials

should be considered. Also, to establish reliability of the

dustability criteria and to place them on a reasonable basis,
a method of correlating the dust test data to in-process dust
conditions should be investigated.

Lttt
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Dust Explosibility Test

The objective of the dust explosibility test as used for
hazards classification is to determine the minimum explosive 5
dust concentration in air, and the minimum ignition energy.
Dusts can burn, deflagrate, or even detonate depending on the
ignition, concentration, and confinement. This test 1is de-
signed to determine the minimum concentration of dust at which
ignition will occur, and the ignition energy required to ig-
nite a dust cloud that is above the minimum concentration.
Both data are important for assessing the hazards associated
with dusts.

This test is conducted only when the dust test has shown
that dusting is a potential problem. The data derived from
the test will indicate whether a dust collection system is
needed to reduce the dust concentrations, and to determine
electrostatic discharge (ESD) energy that would be required
to ignite the dust. The data should also be used to estab-
lish a criterion for dust explosibility.

The four materials received for preliminary testing were
not ''dustable'. Therefore, the dust explosibility test was
not required for these materials in the process state they
represent. The materials, however, do contain various per-
centages of volatile solvents which may create a vapor cloud.
This hazard is not within the scope of the dust explosibility
test.

Test Description

The Bureau of Mines "Hartmann" Dust Explosibility Test
Apparatus (Ref 45) is used for this test. Basically, a sus-
pended dust is created by dispersing the material into air
with a gust of gas. A continuous spark is used for the tests
to determine flammable concentrations; ther, using flammable
concentrations, the electrostatic energy stored in a capac-
itor is used to determine the ignition energy. The apparatus
is shown in Fig 35. A momentary dust cloud is produced with-
in the chamber by directing a blast of air on the sample. In
one series of tests, the dust concentration is varied while
using a continuous high-voltage hign energy spark. This
allows the determination of the minimum concentration at which
the cloud will ignite. In the other series of tests, a set
concentration greater than the threshold ignition concentra-
tion is used. Different levels of energy stored in the capac-
itor are used to determine the minimum energy needed to ignite
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the dusts. The gas used in this test can be varied in order .
to simulate an inert gas operation. This apparatus also has H
the capability of measuring the rate of pressure rise which

gives an indication of the severity of the dust explosion.

Some data that have been collected on explosive compounds by

other researchers are shown in Table 28.

i

As pointed out in Ref 47, the data obtained by this test
apparatus and method are specific to the materials as tested
and are not to be considered "inherent , fundamental prop-
erties". Correlation with other tests has not been estab-
lished. The results are therefore only relative indicators
of dust explosibility. This may maks it difficult to coire-
late the data from the test to actual in-process conditions.
1 However, a hazards classification criterion based on rela-

tive data may still be of value though it may not be used for
- hazards analysis.

The explosibility index may provide a basis for hazards
classification. This relative index is defined to be unity
for Pittsburgh coal. Descriptive objectives for other index
values are listed below (ref 46).

Description Explosibility Index

weak <0.1
moderate 0.1 -1.0
strong 1.0 - 10 ‘
severe >10
Recommendations

3 As a preliminary measure it is recommended that the
apparatus and procedures developed for the Hartmann Dust
Explosibility Test be adopted and the Explosibility Index be
incorporated into the hazards classification procedures.

It is recommended that the cutoff criterion for the
explosibility index be at 0.1. This means that if the test
data show that the =:xplosibility index is greater than or
: equal to 0.1, the material in that process operation should
4 be penalized as outlined in the Preliminary Hazards Classi~
fication Procedures previously described.

3 The explosibility index criterion of 0.1 is a reasonably
safe cutoff point. However, the criterion may be placed on
a dore rationai bdasis if a correlation can be shown between
the explosibility index and the accident data. This analysis

T
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could follow a similar course as was done for the development
of the sensitivity criteria for friction, impact, and ESD.
Data on explosives using the Hartmann apparatus, however, are
not abundant.

|
1
3
1

j- i also recommended that consideration be given to a
"Vapor ..plosibility Test". The evolution of an ignitable
solvent vapor cloud is not within the scope of the Dust Explo-
sibility Test and presents a geparate, very serious hazard.

Electrical Properties Tests

The objective of the electrical properties tests was to
measure the conductivity, the permittivity, and the breakdown ;
electric field strength of the test sample. Ignition by elec- |
trostatic discharge was ijdentified as one of the major causes
of accidents. The electrical properties tests relate to the
propensity of a material to store electrostatic charges and
to the maximum electric field that can be developed before a
discharge occurs.

A person can pick up an electric charge by interaction
vith the floor as he walks, by putting on or taking off cloth-
ing, or by rubbing a hand across a table. If the person's
clothing is a dielectric or of low conductivity, the surface
of the clothing can store a charge. This applies to any di-
electric surface such as a nylon jacket or a plastic dust
cover on a piece of equipment. High permittivity, low con-
ductivity materials hold a stored charge for a long time,
and this abflity to hold a charge is one of the main indi-
cators of a potential elestrostatic problem.

The ability of & material to store electrostatic charges
{s related to the relaxation time. 1f the relaxation time is
short, charges will be given up rapidly. If it is long, more
charges will be acquired than lost, and the electric charge
will build up. The relaxation time constant, T of a material
can be calculated from

T =¢cfc (25)
whera ¢ is the permitcivity and 0 is the conductivity.
The charge density (q) is pruportional to the quantity

(elo) [l-exp(Otlc)] 26}
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wtere t is time (Ref 48). The m:ximum electric field strength
is proportional to q/e. Thus, the conductivity and permit-
tivity are very important properties in assessing electro-
static hazards.

Electrical Properties

To aid the discussion which follows, the electrical prop-
erties of interest are discusscd in greater depth first.

The conductivity of a material, o, is the reciprocal of
resistivity, p. The test procedure for determining conduc-
tivity of a homogeneous material is to measure the sample's ]
resistance, R. Using the measured value of R and the physi-
cal dimensions of the sample, the conductivity can be deter-

mined:
6=+ (S/cm) (27)
AR
* where A and £ are the cross-sectional area, in cmz, and the

length, in em, of the sample, respectively.

The permittivity of a material is a measure of its sus-
ceptibiiity to electrification. The permittivity, €, is
expressed as the relative permittivity, €_, with respect to e
the permittivity of free space, €, The Felative permittivity

£ = %— is referred to as the dielectric constant. The per-

r
0
permittivity of free space has a value:
G ¥ — L . 8.85 x 1072 %/’
36rx10

The dielectric constant of a material can be determined
by measuring the influence of the sample material on the
capacitance of a parallel plate capacitor. The capacitance,
C_ in units of pF, of two flat parallel conductors separated
from one another by a distance, % centimeters, of free space
or air* is:

A A
Co =€, 7" 0.0885 ] (pF) (28)

ke necin

T

*
Relative permittivity of air at one atmosphere, 0°C is 1.00058
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With a dielectric other than air:

2|0

C=¢€c¢
or

(29)
the relative permittivity, or dielectric constant, which is
also given by the symbol K, is:

C
K-C=s (30)

The dielectric strength is a measure of the ability of
the material to withstand electrostatic potentials without
material breakdown. The dielectric strength of the material
can be measured by applying an increasing potential across
the material and observing the voltage level at which break-
down (i.e., high current flow) occurs. The dielectric
strength, or field strength, is a ratio of the breakdown vol-
tage to the sample thickness.

The relaxation time constant, T, of the material can be
determined from the conductivity and relative permittivity
measurements previously described. Using Equations 27 and
29, the RC time constant 1 can be written:

.2 A_E
T = RC = AXEEr1=35 (31)

The relaxation tie constant is a measure of the ability
of the material to accumulate electrostatic charges.

There are no standard test procedures specified for ob-
taining the electrical properties of the material. In general,
conventional laboratory test equipment is used to measure
quantities that are related to the electrical property accord-
ing to the basic definition. Sample preparation is an impor-
tant consideration. Ideally, the test sample should be
homogeneous, dimensionally stable and should not be unduly
influenced by the test procedures. Additionally, it is impor-
tant that external factors such as relative humidity and
termperature do not influence the test data.

The following sections contain a description of the
experimental evaluations performed on the propellants during
the test program. The procedures used and the results obtained
are discussed. The basic equations defining the electrical
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properties as previously presented are included in the appro-
priate section for reading continuity. Finally, recommendations
for testing the material in its in-process form are presented.

Test Description

It is important to mention at the outset that the experi-
mental data obtained in this test program are not considered
adequate for characterizing the in-process electrical prop-
erties of the propellant materials which were evaluated.

These small-scale tests are suitable for homogeneous materials
such as fine powders, uniform solids, and liquids. The ma-
terials should also be in a stable physical and chemical
state. Sample preparation was a major problem for the pro-
pellant materials evaluated. The materials were prepressed
toc form solid disks, suitable for insertion into the existing
test fixture. These test samples were not homogeneous; the
scivent content was variable and the sample lacked the dimen-
sional precision required for an acceptable determination of
the electrical properties. Loss of solvent after pressing
and prior to testing caused surface distortions in the test
sample. In addition, the composition was changing due to the
loss of solvent. This, in turn, influenced the dimension
measurements.

The experimental evaluation effort was useful in identi-
fying problem areas that will be faced in implementing test
procedures for in-process materials. Increasing the sample
size and simulating on-line test conditions does not appear
to present formidable problems for the conductivity and per-
mittivity tests. The dielectric strength test, however, may
present problems that are related to sample size and solvent
content. These potential problem areas are discussed in the
"Dielectric Strength" subsection.

Conductivity

Figure 36a shows the test configuration for the conduc-
tivity tests. The sample holder consisted of two aluminum
electrodes, 1.91cm long by 1.91 cm diameter and a teflon tube,
S5lcm long. The teflon tube had a 2.54cm 0.D. and 1.96 cm I.D,
The test samples were pressed to form disks with diameters
of 1.91cm and various lengths. These samples were placed in
the holder and the resistance measurements then were made
using a high resistance meter, Hewlett Packard Model 4329A.
The resistance of the sample holder was about 2x10!3 ohms.
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Fig 36 Test configuration for electrical properties
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The high-resistance meter has a range 5x105 to 2x1016 ohms

with seven test voltages in the range 10 to 1000 volts.

A few of the samples fabricated for the permittivity
measurements also were used for conductivity measurements.
The test fixture designed for permittivity measurements was
used for these tests, and the resistance was measured with
the high-resistance meter.

The conductance, S, of the material is the reciprocal
of the resistance, R:

1. 1A_ A
S = R™p 2 93 (siemens) (32)

where ¢ = % is the conductivity of the material. The con-

ductivity was calculated from a measure of the resistance

and physical dimensions of the sample. The average thickness
was used for these calculations. Volume resistance measuring
techniques were employed; accordingly, the data, presented

in Table 29 represent the bulk conductivity.

As noted earlier, the data presented in Table 29 do not
show the required precision of measurement to adequately
determine the conductivity for prepressed samples of the pro-
pellant materials. For a test vcltage of 10 volts, the range
of conductivities is:

11

Ml  1.69 to 11.8 x 10 S/cm
M26 1.15 to 7.46 x 102  S/em
M30 0.82 to 1.02 x 10°°  S/cm

The materials tested do not appear to have a significant
voltage coefficient. Ml shows a nominal increase in conduc-
tivity for increasing test voltage and M30 shows a slight
decrease. No clear trend is indicated for M26.

The M30 pelletg tested have a conductivity range between
2.05 and 3.01 x 107" S/ecm. This increased conductivity is
attributed to the solvent content of the samples. The sample
pellets tested are representative of the in-process material,
thus indicating that the solvent content may be an overriding
factor in determining the electrical properties of the material
in its in-process form.
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Measuring the conductivity of the materials in their
in-process form does not appear to present unusual problems.
Larger samples and a sample holder (resistivity cell) will be
required so that bulk and surface conductivity can be deter-
mined.

Surface conductivity may be the important factor for
determining the relaxation time constant. The dielectric
properties are a measure of the ability of the material to
hold a charge. The charge is distributed over a very thin
surface layer with the bulk of the material remaining elec-
trically neutral. Accordingly, surface conductivity would
have major importance in determining discharge time. Surface
conductivity (resistivity) can be attributed to current flow
through surface deposits, moisture, oxides and other semi-
conducting materials on insulator surfaces. With reference
to the present application, the solvent may provide the con-
ducting path directly or as a carrier. Accordingly, it may
be desirable to determine the electrical properties of the
solvent (3) used in the process.

Permittivity Measurements

The dielectric constant, K, of the material can be esti-
mated by measuring the effect of the sample material on the
capacitance of a capacitor. Figure 36b is a block diagram
of the test setup used for these determinations.

The sample holder consists of two aluminum disks 12.70 cm
diameter by 1.27 cm thick. The disks were used to form a
parallel plate capacitor. Copper leads, 0.0794 cm by 0.635 cm
approximately 46 cm long, were used to connect the parallel
plate capacitor to the measuring equipment. The measuring
equipment consisted of a General Radio Company Type 1620-A
capacitance m2asuring assembly: a Type 1311-A audio oscil-
lator, a Type 1615-AM capacitance bridge, and a Type 1232-A
tuned amplifier and null detector.

The technique for determining the dielectric constant of
the materilals was patterned after those described by E. E.
Walbrecht (Ref 49). With no sample in the fixture, the cap-
acitance was measured by separating the plates a knovwn dis-
tance. Three teflon disks, 0.318 cm diameter by 0.105 cm
thick, were used for this purpose. The measured capacitance
was 116.1 pF, as compared with the calculated value of 106.4 pF.
This difference is actributed to stray capacitance and fringing.
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The influence of this capacitance was accounted for by cal-
culating on effective plate area, A . By rearranging Equa-
tion 28 and substituting the measuréd values, one gets:

0.105

2
0.0885 - 137.75 cem™.

A = 116.1
e

The value of K as determined from the measured capaci-
tors, is obtained by considering the system as consisting of
two capacitors in parallel where the measured capacitance,
C, is

‘ C=cC, +C (33)
i and C_ and C_ are the capacitive contributions from the air

and miterial"areas respectively. Substituting Equations 28
and 29 into Equation 33 gives us:

A A
5 a _m (34)
C eo 7 + eoK T
and
A
d
om m
where

dielectric constant

K
C = measured capacitance (pF)
L sample length (cm)

A

= cross-sectional area for air dielectric

= ]137.75 - Am (cmz)

material cross section area (cmz).

>
[ ]

The measured capacitance as a function of frequency is
presented in Table 30. The first entry shows that the capac-
itance of the parallel plate test fixture is independent of
frequency in the range tested.

G

Table 31 shows the computed dielectric constants for the
propellants tested. The dielectric constants were calculated
by using the mean value for sample length. The deviation in
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calculated values for different samples of the same material
is attributed to inconsistency of the samples--particularly
the density, physical dimensions, and solvent content. The
decreasing dielectric constant of a given sample for increas-
ing frequency, indicates the propellant material behaves as

a polar dielectric.

Adapting this measiring technique to in-process materials
appears feasible. It would be necessary to increase the size
of the parallel plates and to provide a sample container.

The influence of the sample container on the measured capacity
could be taken into account easily.

Dielectric Strength

Dielectric strength measurements were eliminated from
the test program. Their importance in characterizing the
materials is recognized; however, this decision was based on
priorities within the funding and time frame of the program.

A block diagram of the existing system for implementing
the dielectric strength measurements is shown in Fig 36c. It
appears that the existing system will have to be modified to
provide a system suitable for testing in-process materials.
Two factors--increased sample size and the relatively high
conductivity anticipated for in-process materials--require
consideration. Increased sample size will require a higher
source potential to determine the dielectric strength. It
will probably be necessary to consider the sample holder an
expendable item when testing the larger samples. Also, the
relatively high conductivity may cause changes in the test
sample (i.e., E2/R heating) prior to breakdown.

In the event a higher source potential is required, the
existing power supply should be replaced. The influence on
sample heating can be reduced to an acceptable level by pulse
loading the sample. Pulse loading, as used here, means to
subject the sample to a voltage pulse of short-duration. This
can be accomplished by charging the capacitor to a known
voltage level and then, by using a switching circuit, dis-
charge the capacitor through the test sample. This technique
would probably require the use of new samples for each test
level in order to eliminate residual effects.

Breakdown of the test material is accompanied by ioniza-
tion and high current flow. As a practical matter, btreakdown
is usually detected as a loud sound during the testL or as
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damage to the sample as detected in a posttest inspection.
The use of a current sampling resistor should be considered
for a more quantitative incication of breakdownm.

Recoimendations

The basic measurement techniques described above for
determing the electrical properties of a material are real-
istic and appropriate for hazards classification. It must
be strongly emphasized, however, that for the test to be
valid, the physical and chemical characteristics of the
sample must be the same as those existing in the process.

In addition, the tests are valid only if the sample is homo-
geneous inside the test holder. Thus, altering the test ma-
terial to fit the apparatus or allowing a solvent to evaporate
can yield drastically different property values than exist in
the process.

A material with relatively larye basic dimensions, for
example pellets, cannot be evaluateu realistically using a
small scale fixture. A valid test could be done by increasing
! the scale of the apparatus so that the pellets appear to be
1 small (like a powder) relative to the inside dimensions of
the test container.

Electrostatic Discharge Test

The objective of the electrostatic discharge (ESD) test .
is to determine the energy in the form of an electrical spark
required to ignite material samples. Materials can gather
and store electrostatic energy simply by flowing over a sur-
face such as the wall of a hopper. If a metal component in
a system becomes ungrounded, the metal can store a large charge.
Because of the metal's high conductivity, a simple discharge
could contain the tctal stored energy and thus constitute a
significant hazard. The electric charges stored by a piece
of equipment can be developed by interaction with particles
flowing in a bed or cloud through it. For example, the flow
of powder from a hopper or through a pneumatic duct could
‘ leave the hopper or duct at a high voltage if these items
i were electrically isolated (ungrounded). Similarly, flow of
a charged powder into an ungrounded item, such as a tote bin,
would raise the voltage of that piece of equipment. Ar exten-
; sion of this concept is an ungrounded person. Humans can
likewise generate and store charges. These stored charges can
be dischzrged into in-process materials under the proper con-
ditions. The ESD test determines the sensitivity of the ma-
terial to such discharges.
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The ESD test is one of the core tests recommended for all
materials. The analysis of accident data resulted in the ESD
sensitivity criterion of 0.17 joules, If the ESD test shows
a material to have an ignition energy less than the criterion, then
a penalty factor will be assessed in the hazard classification
scheme. A material with an ESD sensitivity greater than the
criterion will not be penalized.

Test Description

The basic concept of the ESD test is to store energy in
a charged capacitor and then release the energy into a layer
of the sample material. It is necessary to measure the vol-
tage and current through the sample as a function of time to
determine the energy. A typical test apparatus is shown in
Fig 37. A schematic circuit diagram of the test is shown in
Fig 38. The discharge path is affected by the physical shape
of the electrodes and the electrode spacing.

The test p.ocedure is to place the sample in or on the
sample holder. The sample holder may be in various forms to
accommcdate materials in various states (solid, liquid, or
aerosol). The capacitor is then charged by a2 high voltage
power supply (in the range of 5000 V). The capacitor is dis-
charged across the sample in one of two ways. Either the dis-
charge needle electrode is lowered in increments until a spark
is drawn through the material, or the discharge needle elec-
trode is set at a predetermined height above the material and
a switch is clcsed allowing the spark to jump the gap. Obvi-
ously, the needle must be set at a height at which discharge
can occur.

To determine the energy delivered to the sample, a very
high impedance electrostatic voltmeter must be used (0 to
50,000 volts). The capacitor is typically 0.0l to 0.04 micro-
farads. Two voltages must be measured to calculate the energy.
These are shown in Fig 38. The time histories of the voltage

across the sample, V (t), and the current through the
sample

sample, I(t), are needed. By referring to Fig 38, the current
can be obtained by dividing the voltage across the sample and
resistor by the resistance R1 3

vi(t)
I(c) = = (36)
i
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Fig 38 Schematic circuit diagram for electrostatic
discharge test
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The time history of the voltage across the sample is
the difference between V(t) and Vi(t)'

vsample(t) = V(t) - v, (t) (37)

From these two Mmeasurements the energy is calculated as:

t
E = [ vsample(t) | (38)
(o]
t
i \Y (t) -
i ]
E J R, LV.’_t) - Vi(t)] dt (39)
(o]

This method for calculatin§ energy is more accurate than
the standard formula F = 1/2 CV4 where C is the capacitance.
This formula overestimates the energy losses in the conduciors,
switches, discharge gap, and resistivity of the test specimen.
It is therefore preferable to measure the energy in each test,
or for the discharges to be calibrated for eack series of tests.

A test procedure similar to that in NAVORD 0D4481] (Ref
50) is recommended.

Test Procedure

The test apparatus is buillt to specifications listed in
PL/DL16804 (Ref 51). Electrode spacing should be adjusted
before each test. The relative humidity should not exceed
40 percent. and ambient air temperatures should be between
10 and 32°C. The Upper needle electrode should be replaced
after 10 trials, after any test where a reaction occurs, at
the beginning of a test series with a new explosive, or when-
ever the operator obgerves a change in its condition. The
apparatus should be checked periodically with lead azide
(35mg) at 7500 volts. The apparatus is considered to be per-
forming satisfactorily if 10 specimens explode in 10 trials.

For booster explosives,a sample gize of about 30mg is
recommended. For main charge explosives and propellants, the
maximum sample size should be:




(eaiiad gt i

Solid proupellants 50mg
Powders or granules 50mg
Casting powders 150mg
Liquids 25mg

The test sample is first placed in the sample holder
and mounted in the test fixture. The electrode spacing is
then adjusted to a convenient starting point. The spacing
is typically between 0.041 cm and 0.58 cm. This should be
checked for each test and adjusted as necessary. The capac-
itor should then be chaiged to *he desired voltage (0 to
50,000 volts) as 1indicated by the electrostatic voltmeter.
The charge switch is then released and the results are ob-
served. An audible report or vieible smoke or flame is
considered evidence of a reaction. This should be distin-
guished from the noise of the spark only. The two voltage
records may also indicate evidence of a reaction. The vol-
tage records should be preserved as the energy can be calcu-
lated at a later time. Holding the electrode spacing fairly
constant, the charging voltage should be varied + lkV in
Bruceton fashion over the full range of voltages. The elec-
trcde spacing should then be changed and tests conducted
again over the full range of charging voltages using a Bruceton
approach. The different electrode spacings will produce dif-
ferent pulse shapes.

All the energies should be calculated from the accumulated
voltage records for this one value of capacitance. A tabu-
lation should be made at each energy level and charging voltage
as to the number of reactions, number of no reactlions, and
total number of trials. A statistical analysis of the data
will veveal the 50 percent probability of ignition energy
level. Reference 52 describes in detail the statistical method
used to analyze the data. The method is summarized below.

Defining the parameters:
p = probability of a reaction
q = probability of a no reaction

n = total number of trials

The probability deviations are calculated as:

1/2
+ (‘Eg ) or + 0.5n S/ as a maximum,
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By plotting the energy on arithmetic probability paper, the
50 percent point can be estimated.

To clarify the data analysis up to this point, an example
is described next. The data collected for black powder using
a 0.0luF capacitor are shown in ¥ig 39. The data show the
range of energies calculated for each voltage level. The
curve is drawn through the points where the Bruceton method
predicted the boundary tv be. For example,at 6 kV the tran-
sition between no reaction and reaction was at 0.10 joules.
From this curve and the data, Table 32 was prepared. This
provided the information for calculating the statistical
parameters summarized in Table 33. The energy is then plotted
against the probability of a reaction, (p),plus or minus the
deviation, on arithmetic probability paper (Fig 40). A
straight line drawn through the points or their band will
determine the 50 percent probability level. 1In this example
the 50 percent probability of ignition is estimated to be
0.068 joules.

bl o |

The above test procedure and analysis should be conducted
for a range of capacitances. The minimum 50 percent probability
energy level then should be selected as the hazard limit.
This is shown in Fig 41 taken from Ref 53. This hazard limit
is then compared to the 0.17 joule ESD criterion for hazards -
classification. For the above example, the figure indicates
a hazard limit of 0.12 joule, which is less than 0.17, and
the material would be pernalized in the hazard classification
procedure.

Recommendations

No electrostatic discharge testing has been conducted in
this program. Therefore the validity of the ESD sensitivity
criterion has not been established. It is recommended that
tests be conducted on some pilot materials to establish the
validity of the criterion. Some additional effort should be
allocated toward developing a test fixture and sample holder
which will accommodate any sample state (solid, liquid or gas).

Thermal Test

The objective of this test is to determine the activation
energy for in-process materials and to determine the auto-
ignition temperature corresponding to a given heating rate.
Numerous process operations require heat addition to the
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Table 32
ESD test data for black powder

Charging Number of Number of Total Number Energy
Vc&L‘t’:gge Reactions No Reactions of Trials (joules)
3 0 1 1 0.046
4 1 4 5 0.060
5 2 1 3 0.076
6 6 0 6 0.100
7 1 0 1 0.130
8 2 0 2 0.160
9 1 0 1 0.200
10 2 0 2 0.245
11 1 0 1 0.300
12 2 0 2 0.365
13 1 0 1 0.440
F 14 3 0 : 0.520
Capacitor = 0.01 uF

Table 33
Statistical summary of ESD test data for black powder

E(joules) n P q +0.5 n’s f_(pq/n)”
0.046 1 0 1.0 +0.50 -
0.060 5 0.2 0.8 - +0.180
0.076 3 0.66 0.33 - +0.272
0.100 6 1.0 0 +0.21 -
0.130 1 1.0 0 +0.50 -
0.160 2 1.0 0 - -
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working material, e,g. reactors, dryers, and melt-pour oper-
ations. This results in normal operating temperatures greater
. than ambient. Abnormal heat additions can occur due to failure
3 of cooling equipment or steady frictional heating. The acti-
vation energy is a measure of a material's susceptibility to
chemical decomposition at any temperature. A high activation
energy indicates slow decomposition. The autoignitior temper-
atire places an upper bound for the safe operation of any
prucess.

Of the four materials to be tested, only one (M30 pellets)
j represented an operation where the heating test would be
] necessary. The M30 air dried pellets are exposed to a drying
operation which normally requires heat addition.

Test Description

The differential scanning calorimeter (DSC) was chosen
as the best method to achieve the desired objectives. During
the test, the sample material and a reference material are
heated simultaneously at the same rate. The sample and ref-
erence are contained in separate cups but placed in a common
holder. Both cups are instrumented with thermocouples. The
difference in electric power required to keep both sample
and reference pan at the same temperature is recorded and
is called a thermogram. An endothermic process (heat
absorption) will require power to the sample pan and results
in a downward deflection of the recorder pen. An exothermic
process (heat release) will require less power to the sample
and the recorder pen will deflect in the opposite directica.
The temperature at which ignition occurs is clearly evident
on the thermogram. The DSC analyses permit interpretation
3 of phase changes, decomposition, melting points and thermal
stability.

The test procedure is relatively easy. The tests were
performed in atmospheric air. The instrument can handle
other gaseous environments. A heating rate of 10°C per min
was selected for these tests. The M30 sample was sliced to
a size of lmm x lmm x O.lmm thick. A small 1lid was placed
over the sample after it was placed in the sample cup. The
reference used in these tests was merely an empty sample cup.

The thermogram for M30 triple base provellants (lot
number RAD 77F0C15012) is shown in Fig 42. Curve B is the
M30 thermogram. Curve A is a blank run under the same con-
1 ditions as the sample curve but with both pans empty. This
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was merely to confirm that a straight, horizontal base line
was achieved. The M30 thermogram is seen to decrease mono-
tonically as temperature increased between 40 and 170°C.
This behavior is probably due to evaporation of the solvents
that were present in the sample. At 170°C the M30 clearly
begins to decompose thermally. This onset of an exothermic
reaction leads to the autoignition of this material. Safe
handling of the material should be limited to below 170°C.

For larger quantities of M30, the limiting temperature
may be different. Because of limited heat dissipating qual-
ities of more massive quantities, self-heating may result
which may lead to an explosion. The self-heating temperature
depends on the amount of material, its environment, and the
time duration over which the material will be held at the
elevated temperature (Ref 54).

Further analysis of the thermogram will produce the
activation energy. The rate of energy evolution 1is propor-
tional to the amount of pen deflection on the thermogram.

In this case only the exothermic reaction is of interest.

To measure the amount of deflection, it is necessary to select
a base line. Two possibilities exist: choose a horizontal
line, tangent to the peak of the endothermic reaction, or

draw a line on an angle tangent to the endothermic curve.

Both lines are drawn in Fig 42, identified respectively as

line 'a' and line 'b', and the deflection was measured in
arbitrary units from each base line up to the exothermic curve.
The data are presented in Table 34.

Following the derivation and analysis methods of Ref 55,
the activation energy can be calculated from the follcwing
equation:

« 19,16 log10 (dlld
1/'1'l - l/T2

2)

(J/mole)

where d is the pen deflection at a temperature T. This also
can be written:

*
E = -19.16m

where m is the slope of a straight line for log d versus 1l/T.
The data from Table 34 were plotted in Fig 43 to determine m.
A low activation energy indicates rapid decomposition. There-
fore, in analyzing the experimental dats, it is safer to choose
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Table 34 &

Thermogram data analyses for determining
activation anergy of M30 pellets |

For straight horizontal baseline:

d 10 TR  logy, 1’}1,3&}03
1 0.5 175 448 -0.3010 2.2321
2 2.0 180 453 0.3010 2.2075
3 5.5 185 458 0.7404 2.1834
4 10.0 190 463 1.0000 2.1598
5 17.5 195 468 1.2430  2.1367

log,, (4,/d,) - -0.699 _ 14656

S V4 VD V4 8 0.0477

EY = (-19.16)(-16.654) = 2.81 x 10° J/mole ‘

For decreasing baseline (tangent to curve)-

o 0 x
d T(°C) T(CK) loslod

1 1.2 175 448 0.0792

2 3.0 180 453 0.4771

3 7.0 185 458 0.8451

4 11.8 190 463 1.0719

5 19.2 195 468 1.2833
- Eueey = -13.73

E' = 2.63 x 105 J/mole

Horizontal baseline: E* = 2.81 J/mole |
Sloping tangent baseline: £ =2.63 x 10° J/mole
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the method giving the lowest value of the activation energy.
This indicates then, for M-30 triple-base propellant pellets,
the activation energy is 2.63 x 103 J/mole.

Recommendations

It is recommended that the differential scanning calo-
rimeter test be incorporated into the hazards classification
procedures for in-process materials. In conducting the test,
sample sizes should be kept less than 20 mg and a heating
rate of 10°C per min be adopted. The sample cups for the DSC
should be used with the lids. This is not essential for the
operation of the instrument, but it does make a difference in
the results. Consideration should be given to using sealed
cups. These were not tried in this investigation.

To incorporate the activation energy and autoignition
temperature into the classification procedures, the following
criteria should be considered.

For any process operation where the heating test is re-
quired, first the autoignition temperature should be compared
to the maximum process operating temperature plus 20 percent.
If the autoignition temperature is less than this value

(i.e., Tal < Tp + 0.2 Tp) then a penalty is assessed according

to the methods outlined previously. Secondly, the activation
energy should be compared to the total heat input per unit
mass of material (Q/M) for the process operation under study.
The 20 percent factor is again recommended tc define the cut-
off point. The criteria can be stated as:

*
E, > Q/M + 0.2 Q/M No penalty
E <Q/M+ 0.2 O/M Penalized

wvhere Q is the total heat addition to the material in the
operation considered and M is the total mass in that operation.

Further clarification of these criteria s recommended.
The 20 percent safety factor may not be realistic and the
total heat input to the materfial (Q) may .5t be an easy gquan-
tity to obtain. Additional tests and comparisons to actual
processes are¢ recommended.
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CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the investigation described in the

preceding sections, the following conclusions and recommendations
have been formulated.

Conclusions

(1)

(2)

(3)

%)

(5)

(6)

There are many deficiencies in the current hazard
classification schemes. These include the defi-
nition of the current hazards classes, the test
procedures and interpretation of results, and the
lack of effects data,

The current quantity-distance requirements are
inadequate as they do not account for the tureats
posed by asymmetric fireball, glass breakage,
thermal radiation or fragments.

The most common causes of an accident are: friction,
impact, electrostatic discharge, and thermal heating.
The frequency of these causes varies with the mate-
rials and process operation.

Correlations were made between the sensitivities of
materials involved in accidents and the sensitivities
of materials not involved in accidents. Statistically
significant differences in the sensitivities of the
two populations were identified for friction, impact,
and electrostatic discharge. These differences were
used to formulate sensitivity criteria.

A preliminary hazards classification procedure was
developed which utilizes data from material prop-
erties, sensitivity and effects tests. A basic
set of tests are required in the procedure.

Selected small-scalz tests were evaluated critically
for their application in hazards classification of
in-process propellant and explosive materials. Care
must be taken to ensure that the physical and chemical
state of the materiul is not altered in preparation
for the test. This invalidates small-scale test
results for many materials. In such cases a large-
scale version of the test or a special test would

be required.
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Recommendations 1

Preliminary recommendations were formulated based on the
findings to date. These recommendations are:

(1) Revise the quantity-distance standards to allow
the use of the threat equivalency which is cal-
culated in the classification orocedure described
in this report. This revision should also change
the DoD hazard classes to the UN hazard classes.

(2) Reevaluate the sensitivity criteria given in this
report by using the entire DPESB data base. This
should include a more thorough review of each
accident. Concurrently, obtain the raw Radford
AAP sensitivity data and compare Radford's re-
sults with the results of other organizations.

S A A0 0 WA IR 10

(3) Conduct the large-scale tests called for in the
classification procedure to ensure that the re-
quired data can indced be obtained. The possibil-
ity of obtaining secondary fragment data with the
test should also be explored.

(4) Develop a procedure to be followed for the many
situations where the test material is not a
homogeneous solid, liquid or fine powder. For !
these cases some small-scale tests are no longer

valid, and a large-scale version or a special
test should be used. 3
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CONCLUSIONS AND RECOMMENDATIONS

Based on the resuits of the investigation described in the
preceding sections, the following conclusions and recommendations
have been formulated.

Conclusions

(1) There are many deficiencies in the current hazard
classification schemes. These include the defi-
nition of the current hazards classes, the test
procedures and interpretation of results, and the
lack of effects data.

(2) The current quantity-distance requirements are
inadequate as they do not account for the threats
posed by asymmetric fireball, glass breakage,
thermal radiation or fragments.

(3) The most common causes of an accident are: friction,
impact, electrostatic. discharge, and thermal heating.
T"2 frequency of theste causes varies with the mate-
rials and proce«- ~peration.

(4) Correlations w - «de between the sensitivities of
materials involved in accidents and the sensitivities
of materials not involved in accidents. Statistically
significant differences in the sensitivities of the
two populations were identified for friction, impact,
and electrostatic discharge. These differences were
used to formulate sensitivity criteria.

(5) A preliminary hazards classification procedure was
developed which utilizes data from material prop-
erties, sensitivity and effects tests. A basic
set of tests are required in the procedure.

(6) Selected small-scale tests were evaluated critically
for their application in hazards classification of
in-process propellant and explosive materials. Care
must be taken to ensure that the physical and chemical
state of the material is not altered in preparation
for the test. This invalidates small-scale test
results for many materials. In such cases a large-
scale version of the test or a special test would
be required.
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APPENDIX B

EVALUATION OF SMALL-SCALE TESTS
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FRICTION SENSITIVITY TEST

Objective: To

estimate the
likelihood that
a sample will
ignite when sub-
jected to fric-
tion (normal
force at a given
velocity).

Operating Proce-
dure: Force is
applied to a
sample which is
in motion rela-
tive to another
sample.

Fig B-1* ABL Friction tester
Test Description:
There are four basic types of friction testers. These can
be characterized as:

o sliding block or strip friction testers
e pendulum friction testers
e rotary friction testers
¢ bulk material friction testers.
These friction tests differ in rhe typer of sample materials

that can be tested and the means of applying the friction.
Unless otherwise cited these tests are described In Ref B-l.

The sliding block or strip friction testers consist of
a movable block, anvil, or strip; a device to force the sam-
ple against the anvil; and a device to move the anvil. Fric-
tion testers in this category include:

e the ABL friction test (Fig B-1)
the Thiokol strip friction test (Fig B-2a)
the OD44811 strip friction test (Fig B-2b)
e the ERDE emery paper friction test, and

e the ERDE sliding block friction test.

To conduct the test, a sample is placed on the anvil
or friction strip and preloaded to the desired pressure us-
ing weights or hydraulic means. The anvil or friction
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strip is then set in motion by the direct impact of a pen-
dulum weight, the impact through linkages of a dropweight,

or the action of a motor. The preload pressure, the velocity
of the anvil or strip, and whether or not an ignition occur-
red are recorded. The OD44811 strip tester (Ref B-2) handles
only cast or pelletized samples. The others handle liquids,
slurries and granular solids as well as cast or pelletized
samples.

The pendulum friction testers consist of a fixed anvil
and a pendulum arm fitted with a 'shoe" which slides across
the test material. Friction tests in this category include:

e the Burcau of Mines friction tester (Fig B-2d)
e the NWC China Lake friction tester (Fig B-2e)
e the Picatinny Arsenal friction tester, and

o the AWRE maliet friction test.

To conduct these tests, a sample is placed on the anvil.

Then the pendulum is raised to the desired height and re-
leased. The pendulum will swing across the anvil several
times before coming to a stop,with the shoe impacting and
sliding across tne sample several times. The material of

the shoe and whether or not an ignition occurred are recorded.
These testers handle liquids, slurries,and granular solids.
They may or may not handle cast blocks or pellets.

The rotary frictira testers consist of a bowl or cup
and a moving {rotary) slider. The primary tester of this
type is the Thiokol rotary friction tester (Fig B-2c). To
conduct these tests, a sample is placed in the container.
The slider is loaded and the motor turned on. The slider
will continuously wipe across the container, pushing material
between it and the container. Liquid, slurry or granular
solids can be tested. It may be possible to replace the
slider with a sample of cast or pelletized material.

Bulk material friction testers consist of a hemispher-
ical sample with or without inert fillers and z stationary
anvil. Tests in this category include:

e the Los Alamos large-scale skid test

o the Pantex large-scale skid test, and

e the AWRE charge oblique impact test.

To conduct these tests, the sample is formed into the proper
shape. The sample is then allowed to impact and slide

across the test surface. Due to the nature of the teate,
only castable or formable solid materiais can be used.
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Applicability to Hazards Classification: According to our

accident analyses, friction is one of the primary causes of
accidents. Friction test(s) are required to gain a reason-
able indication of the friction sensitivity of the material.

Discussion: There are many potentially useful friction tests,
and for purposes of hLazards classification it is necessary

to reduce the number of choices. The criteria which can be
applied are:

e the factors which are important in the fric-
tional initiation of explosives

e the applicability of the tester to the va.'cus
material states found in & process, and

e the ability of the tester to simulate actual
friction forces in the process.

J. A. Brown (Ref B-3) conducted a study of friction
fundamentals in explosives for Picatinny Arsenal in 1970,
He discussed in some detail what causes friction and fric-
tional heating. 1. his study, he considered three possibil-
ities related to frictional characteristics which could lead
to the frictional initiation of explosives. These are:

® Possibility 1: The important friction charac-
teristics are those of the solid explosive
surface itself.

o Possibility 2: The important friction charac-
teristics are those of the container surface,
not the explosive itself.

e Possibility 3: The important factor is not
sliding friction at all, but rather heating
from viscous or plastic flow of the explosive.

Possibility 1 says that there is a thick layer of ex-
plosive between the sliding surfaces such that the charac-
teristics of the explosive are the controlling factor. This
is pretty much simulatad by “he bulk materjal friction tests
and the 0D44811 friction test where the material-surface
contact predominates. Howeve-, this type of friction is
unlikely to occur within the process as it occurs primarily
with solid materials. There are very few friction sources
vhere solids are involved within a process. Its occurrence
with liquids, slurries or pastes would be mure akin to flow
of the material. Also, the tests which were mentioned can
be conducted only with materials which can be cast or
pressed into a solid shape. Thus, this possibility and the
tests can be ignored.
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Possibility 2 says that there is a thin layer of ma-
terial between the sliding surfaces such that the explosive
acts only as a lubricant or as an acceptor of heat generated
from the rubbing of the two surfaces. This type of friction
can occur in the process such as in the pinching of a sample
between the blade and the wall of a sigma blade mixer. The
sliding block, rotary, pendulum,and to some extent the strip
friction testers simulate this condition. The rotary fric-
tion testers allow continuous friction which may or may not
be desirable, but they have difficulty in handling pressed
or cast materials, so such tests will be eliminated. Pen-
dulum friction testers yield no quantitative dat~, so they
too are eliminated. This leaves just some of the sliding
Flock and strip friction testers.

Possibility 3 says
that initiation is caused
by heating from viscous
or plastic flow of the
explosive, such as that

which occurs during the A Flunger Stop
extrusion of propellants.

None of the current fric- M

tion tests are applicable. e

Brown does suggest that
the Susan and some of the
impact tests would be
applicable. Unfortunately,
it would be difficulr to
isolate the friction data
from the impact data in
those tests. Brown does
suggest a new test which
is shown in Fig B-3.

= Hardercd!
Steel

Vample
In his suggested test,
a plunger would be used to —
force the material through
an annular orifice formed Fig B-3 Brown's suggested
by the pliunger and the test for viscous friction

hardened steel cup. The

~lunger's stroke would be controlled to avoid Impacting the
bottom of the cup and would be guided so that {t wouldn't
contact the cup's walls. The test would be workable with
liquids, slurries or pastes. However, it is not known how
17 would work with granular or sclid materials. The test
dozs not give details on the clearances or gizes that would
be required or any indication as to the speed of the plunger
or what quantizies cculd be measured.
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Best Standard Tests: The sliding anvil or strip friction

tests seem to be the best because they can handle all ma-
terial forms and because they simulate the process environ-
ment. Of these tests, the ABL friction tester and the
Thiokol strip friction tester appear to be the most versatile.

Need for New Tests: Brown may be correct in claiming that

heating due to viscous flow may be a problem. His test or
a workable variation would be necessary to develop data to
prove or disprove his hypothesis.
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SMALL-SCALE IMPACT TEST
AND ADIABATIC COMPRESSION TEST

Objective: To estimate

the energy density re-
quired to initiate a
small sample of material
by impact.

Operating Principle: A
small sample of material
is crushed between a fixed
anvil and a movable hammer
or striker. The impact
energy is supplied by a
falling dropweight.

Test Description: A small
sample of materfal (usually
35 mg) is placed either

on an anvil or in a cup

on an anvil. A hammer

of known weight is raised
to a predetermined height

]

above the sample and is
released. The falling ham- Fig B-4 Laboratory impact
E mer or dropweight either tests

impacts the sample directly
(uncommorn:) or indirectly through one or more strikers. Ig-
nition of the sample is detected by audio (sound), visual
(smoke, char, flame) or infrared analysis (decomposition
products). A typical tester is shown in Fig B-4. Impact
testing is conducted in a sequence such that either the 50
percent sensitivity level or threshold initiation level s
determined. This levei is presented efther in terms of the
dropheight (for a fixed weight), the dropweight (for a fixed
height), or energy if an energy measurement system is used.

mﬂ"’!’"

—m_'v;'-"

There are many different impact machines in current use.

In fact, each laboratory involved in explosives testing has
a machine that's not exactly like anyone else's. However,
there are a number of generically similar machines in use.
Unless otherwise cited, these machines are descrided in

Ref B-1. A number of laboratories use machines based or a
design by the Explosivex Research Laboratory and known as

, ERL machines. Variations of such machines are used at the
3 U.S. Naval Ordnznce Laboratory, Los Alamos Scientific Lzb-
oratory, Naval Weapons Center (China Lake) and the Lavrence
Livermore laboratories. Variations of the Rotter Machine
are uscd at AWKRE (GB) and CERL (Canada). Variations of the

i
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Bureau of Mines machine are used at the Bureau of Mines
(Fig B-5a), and ABL. Picstinny Arsenal (Fig B-5c and 5d)
and Bureau of Explosives (Fig B-5b) use their own machines.

Applicability to Hazards Classification: According to our
accident analyses, impact is one of the primary causes of
in-process accidents. As such, a knowledge of impact sensi-
tivity is important. The small-scale impact tests, while
not totally accurate, do yield reasonable indications of

impact sensitivity.

Discussion: The apparatus and procedures for small-scale
impact testing vary from laboratory to laboratory. No two
are precisely the same, although tests conducted using the
ERL machines yield results that are quite similar. The re-
sults obtained on other machines diffcr from the ERL results.
This is shown in Table B-1 which gives some of the operating
characteristics and test results for the different machines.

Some of the test results from Table B-1 are plotted in
Fig B-6. The figure shows that:

® there are considerable differences in the re-
sults of tests conducted on different machines

o ERL machines yield similar results

e the presence of grit (sandpaper) increases
the obseived impact sensitivity

o pelletized materials often display diffcrent
impact sensitivities than granular samples

e there is no apparent correlation of results.

The last comment may be true only because of the scales used
on the graph. One axis is the TIL results obtained by Rad-
ford AAP in energy units wvhile the other axis shows the S0

percent heights.

A tentative method of test for dropweight impact sensi-
tivity of =clid-phase hazardous materials has been developed
by AST™ Committee E27, subcommittee O3 (Ref B-4). This
method claims that the dropheight at which there is a 50
percent probability of ignition, h.,, can be normalized to
account for different dropweight masses, m, and differ.at
striker surface areag, A, by: (m/A)hg, = constant. “his
equation has not been applied to the Qatc froa Table B-1,

so no claims to {ts validity will be made.

In assessing the impact data, it is important o point
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out that the usual way of calculating kinetic energy, KE =
mgh (m = mass of dropweight, h = dropheight) is in error
when one or more Intermediate strikers are used. This is
due to the fact that all of the energy in the dropweight is
not transferred to the striker and the sample. The kinetic
energy is really given by:

2
—__E___f a1+ e)z] mgh (1)

M+ m

KE = [

where M is the mass of the intermediate striker and e is the
coefficient of restitution of the two impacting surfaces

(Ref B-5). For similar machines, such as the ERL machines,
the masses of the dropweight and striker are identical.

What is different are the materials of construction and hard-
ness,which yield different coefficients of restitution.

These coefficients are relatively close so that the
impact energies are quite similar, yielding similar test
results. However, when different machines are used, the
magses may vary in addition to the coefficients of restitu-
tion so that different dropheights are required to produce
the same energies, even when using the same dropweight. In
addition, the sample size varies, so that the area over
which the energy is applied changes, giving different energy
densities. Therefore, if more than cne machine is to be
used in the impact tests, some means is required for corela-
ting the energies and energy densities.

The sample condition and the tools utilized in the im-
pact tests also are important. Tests conducted on ERL ma-
chines using pelletized samples yield different results, in
some cases, from tests conducted on granular samples. For
the most part, when differences are apparent, the pelletized
samples are more sensitive. This could be due to the extreme
deformation that occurs in the pellet as compared to the
granular sample. This deformation and the resultant viscous
flow could be a frictional type ignition. The tests conduc-
ted in a cup are quite different from those where the sample
is merely placed on the anvil. The cup provides much more
confinement and, if the cup and plunger are well sealed,
could include adiabatic compression as an ignition mechanism.
The presence or absence of grit also affects the test re-
sults significantly. Lawrence Livermore Laboratory and Los
Alamos Scienticic Laboratory ran tests using either sand-
paper (a source of grit) or a roughened anvil. The tests
using the sandpaper showed a significantly higher sensitivity
than those with the voughened anvil, both with granular and
pelletized samples.
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Ignition of propellants and other materials has occurred
as a result of the adiabatic compression of gaseous bubbles.
This compression can occur as a result of an impact. If a
gas bubble is compressed very rapidly, so that no heat enters
or leaves the system, very high temperatures can be attained
in the compressed gas. The theoretical temperature (Ref B-6)
which can be attained by adiabatic compression is

P, \n-1
r, -(22)%5h @

2 P1 1

where T is temperature (°K), P 1is pressure, n is the ratio

of specific heats and the subscripts 1 and 2 designate ini-
tial and final conditions. If a bubble is rapidly compressed
to about 1.4 x 107 Pa, a bubble temperature of almost 900°C
can be attained. This temperature may be sufficient to ig-
nite the material in question. However, studies by IITRI

for AFOSR (Ref B-7) have shown that the material outside the
bubble does not heat very rapidly and that time is also an

important factor.

0D44811 (Ref B-2) purports to have a test for adiabatic
compression. This test basically is a small-scale impact
test which utilizes a specially designed and sealed cup and
plunger arrangement. This is shown as Fig B-7. Basically,
a dropweight is released from a given height and is allowed
to directly impact a pressure ram, The pressure ram has an
"0" ring seal and builds up pressure in an air gap and the
explosive sample. The ram is such that direct impact of the
sample is impossible. Igni-

tion is said to occur if the
pressure relief hole is
blown open. 1t is not known
whether this or similar

tests actually simulate }”""

adiabatic compression.

Best Standard Tests: No !
best standard tests can be 1
chosen. The only decision QQJ-i

on the standard tests is to . S S
eliminate the pelletized | $

sample except in cases where N N o,
a pellet is what actually kL P
exists in the process. It E :
would be best, however, if R

an impact gage sysfrem were
used to measure the energy

actually delivered, w«ad to Fig B-7 0D44811 adiabatic
standardize and mechanize compression test (Ref B-1)
192
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the go-no go criteria.

Need for New Tests: As adiabatic compression may be measur-
able in special drop tests, it would be desirable to develop
a standard adiabatic compression test.
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DUSTING TESTS

Objectives:

1. (required) To determine
if dusting is likely, and

_. Fuanel Cpen
Mechanism

2. (optional) To determine s e
the most likely dust con- ‘
centrations. | i

Operating Principle: The
sample is transferred from == Containee
one container (funnel) to
another container (jar) as
is shown in Figs B-8 a and
b. During the free fall
transfer process, some of .
the sample will remain sus- 1
pended in the air after the

: majority of the sample has

] settled. The amount of dust-
ing is determined by the
weight of material suspended
in theair in the weight

Weigh Siale

method,or by the intensity

a. Weight
of scattering or the decrease ght method

| in transmission of the laser
beam in the laset method.

Test Description: A known
weight of the sample material
is placed in the funnel.

: After checking out the in-
strumentation, the material
is allowed to flow into the
container. 1) In the weight
method (Fig B-8a), the weight
of the container is recorded
as a function of time. A
weight vs time trace like
that in Fig B-9 is expected.
] Time, t, is the settling
time, and W, 1is the great-

est weight of dust remain-
ing in the air. 2) In the
3 laser method, Fig B-8b, b. Laser method
either the intensity of the

back scattering or the in-

tensity of the transmitted Fig B-8 Dusting tests
; beam is recorded as a
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function of time.

Time, t, is the
settling time

with either S > Matertal Left
S or t max | on Funnel
0.50 0.50 vetght |
| from Fig B-10 be- R S C g
] ing taken as an el S )
; indication of
! the severity of LD e
é dusting. s J
Application to T ;o— Settling Time —-—A‘T Time
Hazards Classi- staee '

fication: Dusty
atmospheres can

occur within
: process plants. Fig B-9 Weight method
i This dust test
1 is intended to
provide an un-
ambiguous basis Scattortng
for deciding if Suan
dust is a prob-
lem and if the
dust sensitivity 530
E tests should be
conducted.

‘ Time
r
,:_‘_ > :-ul‘ln‘ fime -

3 Discussion: | i
k The dUSting test Lhmuug

is needed to give

4 a Yes or No in-
dication as to a. Transmission approach
1 whether dusting

: is a potential
problem. The
test is probably

unnecessary with ot

large particles /////”’ﬂ_
or moist materi- - -

als which would ///’/T =

not dust, or with
i light fluffy wa- il

raty

terials (i.e., -l PR e -
sulfur) where bears

dusting is def- J-J
initely a probhles.

However, betw:en b.
these extremes,

some dusting cri-

teria are Fig B-10 Laser method

17 angmiszelon

Backscattering approach
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necessary. The laser method would produce an unambiguous Yes
or No indication once general criteria for such a decision
are developed. It may also provide data as tc the concen-
tration of the dust. However, the backscattering method
probably depends upon the reflectivity of the material. The
welght method would produce more information. lowever, due
to the small quantity of material that may be suspended as
dust, it may be difficult to get sufficiently accurate weight
readings.

The Bureau of Mines has been making modifications to
the Hartman Dust Apparatus. One oi the most recent modifi-
cations is the inclusion of a dust concentration sensor.
According to Dr. Hartsburg (Ref B-8) the sensor consists of
two fibre optic probes spaced a known distance apart with
one probe connected to a light source and the other to a de-
tector. Dr. Hartsburg claims that the decrease in transmis-
sion of light czused by the dust can be related to the dust
concentration if the separaticn distance between the probes
and the size dis.iibution of the dust are known.

Approaching this problem mathematically, the decrease
in transmission is proportional to the portion of the light
beam being blocked by a dust particle(s). Thus,

act trans
As - nAp N As & = 100% cFZEE) )
where A 1is the area of the light beam, A is the average
projectad area of a particle, n is the nubber of particles
in the beam, act trans is the intensity of the beam in the
dust cloud and 100Z trans is the intensity of the beam trans-
mitted in the absence of dust. The concentration of dust
within the path of the light beam is:

nV p

Concentration = ~;BEE (2)
s

where V. is the average particle volume, p is the average
particlg density and £ is the distance betfzen the two fiber
opticz probes. Combining Equations 1 and 2 and simplifying
vields:

\Y o]
. . (.Act trans, ‘p. .'p
Concentration (1665_?;;;;) (Ap) ( R) (3)

An assumption that the particles are roughly spherical in
shape vith an average radius of r_allows Equation 3 to be
further simplified to: P
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Concentration = (ﬁgﬁ%’ (—22) (% rp)

This final equation shows that the concentration can be ob-
tained by the probes if the separation distance between the
probes (L), the size of the particles (r_),and the density
are known (p_). This shows that Dr. Hartgburg's apparatus
works and inficates that, in principle, IITRI's apparatus
also should work.

Standard Tests: There are no tests known to IITRI which are
applicable. The tests described in the preceding text are
concepts devised in this program.

T

New Tests: A new dust test should be developed, possibly
along the lines of the concepts developed in the previous
text.

T
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TRANSITION TESTS

Cbjectives:

1. To determine if a material
will detonate,and to es-
tablish the critical
diameter for propagation
(critical diameter test).

2. To determine if a material
will react explosively
vhen initiated by a flame,
and to establish the
height at which the tran-
sition occurs (critical
height test).

Operating Principles:

1. Critical diameter test:
materials are initiated
by a detonating high-ex-
plosive donor. The ma-
terial diameter is varied
and the ability of the
material to propagate the
detonation is determined. a. Critical diameter test

2. Critical height test:
materials are subjected
to flame igni-
tion. The
distance
(height) is
determined &t
which a tran-
sition from
burning to
deflagration
or detonation
occurs.

Test Description:

1) A typical test b. Critical height test
arrangement for

determining the

critical diameter

is shown in Fig-

ure .-lla. Fig B-11 Transition tests (Ref B-9)
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Basically, the arrangement consists of a tube filled with
the test material, an explosive donor, and a means of mea-
suring the reaction velocity as a function of tube height.
The test can simulate various process configurations by
choosing the tube material and wall thickness which best
simulates the type of confinement in the process. Pressure
gages and other instrumentation can be used to estimate the
reaction severity. The diameter of the tube is varied,
while maintaining the same length to diameter (L/D) ratios
for the tube and explosive donor. The critical diameter is
the smallest tube inside diameter for the given tube material
and wall thickness at which propagation occurs.

2) A typical test arrangement for determining the crit-
ical height is shown in Fig B-11b. Basically, the arrange-
ment consists of a tube fi.led with test material, a flame
source, and a means of measuring the reaction velocity as a
function of tube height. This test utilizes the same tube
materials as the critical diameter tests and begins at a
diameter larger than the critical diamcter. Additional tests
are conducted at still larger diameters so that a relation-
ship can be found between diameter and critical height. The
critical height is the distance &long the tube at which a
transition from slow burning to deflagration or detonation
occurs.

Applicatior to Hazards Classification: The critical diameter

test determines if the material is detonable and at what di-
ameters it is detonable. The process size can be compared
to the critical diameter and used to determine if a Jetona-
tion is possible. The critical height test indicates if a
fire, once started, could progress to a detonation.

Discussion: The detonability of a material is often asseased

by using cap sensitivity or card gap type tests. These tests
are fine for use on explosives having critical diameters of
less than 2 cm. However, many propellants have critical
diameters in tens of centimeters. In these cases, the t.sat
size is much smaller than the critical diameter so that
detonation is never observed. As such, it {s necessary to
determine detr “Hility in tests in which the size of the

sample can be . fed. The critical diameter test allows
for a varfabl - = .ize. In addition, it provides infor-
mation on Ltk - . .\ diameter of the material. If the
process never u.. e. a diameter larger than the critical

diameter, it shoula be unrealistic to expect a detonation
under any condition.

A flame ignition source is much more likely within a

process than a shock wave of the type produced by a high
explosive. Therefore it {s important to determine the
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distance required for the material to make the transition
from burning to deflagration or detonation. If the largest
process length is less than this transition distance (criti-
cal height), it is unrealistic to expect a fire to cause an
explosion.

The critical height may vary depending upon the energy
content and rate of energy release of the igniter. There-
fore, the igniter used in the tests would be controlled so
that all such tests would be comparable.

Best Standard Tests: All of the critical diameter, critical
height tests are basically similar. These tests differ
mostly in the materials of construction. As these tests
would utilize materials which closely simulate the actual
in-process conditions, this variable is eliminated and the
tests become more alike.
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ELECTROSTATIC DISCHARGE (LAYER) TESTS

Objective: To

determine if an

electrostatic dis-
charge will ignite -.;,-_‘ﬁf.'\ = K
VOLTUETRA

the sample materi- -

al and to deter-

mine the spark ) 2

energy at which omosaen 80 | 10rery senrca - o=,
ignition would NEREN g
occur. B e

Operating Proce- o ant voLTAGE S —
cure: Electro- . \E :ﬁ i
static energy, o
stored in a

charged capacitor,
is discharged to a

layer of the sam-
ple material. Fig B-12 Typical electrostatic dis-

charge test
Test Description:

A sample is placed in or on a sample holder. A capacitor

is charged by £ high-voltage source. To discharge the ca-
pacitor, either the discharge needle is lowered until a spark
is drawn through the material, or the discharge needle is
set at a predetermined height above the material and a
switch is closed allowing the spark to jump the gap. Ob-
viously, the needle must be set at a height at which dis-
charge can occur.

Application to Hazards Classification: Materials can gather

G Ly

and store electrostatic energy simply by flowing over a
surface such as the wall of a hopper. Humans can likevise
generate and s.ore charges. These stored charges, under
proper conditions, can be discharged into in-process materi-
al. This test determines the sensitivity of the material

to such discharges.

Discussion: Most laboratories Eake the spark energy as that

given by the formula E » 1/2 CV® where E is the energy in

joules, C is the capacitance in farads and V is the poten-
tial in volts. However, it has been I1TRI's experience
that the formula overestimates the enecrgy losses in the
conductors, switches, discharge gap,or the resistivity of
the test specimen. Thus it is preferable for the energy to
be measured in each test, or for the discharges to be cali-
brated for each series ~f tests.

20
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Beat Standard Tests: All standard electrostatic discharge

tests are essentially the same. Any such test can be used
provided the energy is measured in each test, or the dis-
chargea are calibrated and checked prior to each series of

tests.
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IMPINGEMENT TESTS

Objective: To

determine whether
a material, mov-
ing at some ve-
locity and strik-
ing a target,
will initiate.

CAMER
7 DETECT
INTTIATION

Operating Prin-
ciples:

1.

Propelled:
the sample

is propelled
by moving air
or other

IMPINGEMENT TARGET
WITH LOAD CELL TO
MEASURE DMPINGEMENT
BNERGY

=

—

\CAMIM TO

MEASURE
PARTICLE
vELOCITY

EVE)

suitable
fluid at a
known veloc-

a.

Propelled

ity and is impinged on a
massive target.

Free Fall: the sample is
dropped and allowed to
fall freely against a
target.

CELLULOSE
ACETATS TUBK

Test Description:

1. Propelled: the sample is
injected into a moving
stream of air. The air
carries the sample at
some measured velocity

into a target plate.

Free Fall: the sample is
dropped from some known
height and is allowed to
fall onto the target

o=
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plate.

b.

Free fall

Application to Hazards
Analysis: Impingement is a
probable stimulus for accidents occurring during conveying

and screening. It is important that the threshold init<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>