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COMPENDIUM OF SHOCK WAVE DATA

Introduction

Abstract

The purpose of this volume is to list in a concise manner the thermodynamic
data in condensed media obtained by shock wave techniques. The volume should
be useful both to people working in the shock wave field and to others
interested primarily in thermodynamic properties at high pressure. Therefore,
both dynamic variables and volumetric quantities associated with the shock
wave are given. The format has been selected to make the volume useful in

engineering as well as scientific research activities.

Content

Tabular Data — The information tabulated is generally derived from shock

compression of a sample of known density. Any two of the measurable quantities
tabulated (pressure, volume or density, free-surface and particle velocity
behind the shock front, as well as shock velocity) may be used to derive the
others. Shock and free-surface velocities were measured in most of the
experiments performed to date. A description of the basic assumptions and
techniques has been given by Rice et al.l Some useful texts also exist for
those interested in the experimental techniques2 and for those more theoretically
inclined.2_4

Pressure (P), volume (V), and energy (E) are usually obtained from the
shock (US) and particle velocity (Up) by application of the conservation
conditions of mass momentum and energy across a well-defined shock wave. It
is, therefore, assumed that steady state exists in front and behind this wave.
The conditions are schematically presented in Fig. 1. The distance between .
the two (cross-hatched) steady-state regions is usually small compared to the

dimensions of the system. Conservation of mass and momentum then yields:

P. -P.= [U =-1U u -u \/v
1 0 <Sl p0)<pl p0>0

and
U, = %
1 0
VW =1l-% -u_ -
1 Po
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Fig. 1. Shock wave conditions.

while the energy conservation condition is:

E; - E, = (1/2) (P0 + Pl) (v0 - vl).

In the usual single wave experiment, the initial particle velocity, UPO, is
zero., Frequently multiple waves are considered in this compilation. The more
general form of the above equations for multiple wave systems is obtained by
replacing the subscript O by i and 1 by i + 1.

Whenever they are obtainable from shock wave measurements, other
directly measured derivatives, such as heat capacity and expansion coefficient,
are also listed. However, there is no developed technology for these
measurements at the time of this writing.

A convenient summary of the tabulated data may be given in terms of a
functional relation between shock (US) and particle velocity (Up) since a
valuable feature of dynamic (shock wave) measurements is the slow, and in many
cases, vanishing curvature of plots of US vs Up. Least-square fits have been
given in this plane whenever the data warrant it:

v-c+ Sy sl
i=1
The sum is limited to nox 1 for most solids. This Hugoniot equation may be
transformed to the pressure-volume plane by use of conservation of mass and
momentum equations.

With each set of data from a particular source, the properties that

define the initial condition of the sample before shock compression are listed

if available. These are:
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@ VO: Initial volume.

® VOi: Volume from crystallographic or accurate volumetric techniques
(useful for porous materials).
@ TO: Initial temperature.
@ Composition.
) Cz, CS, and Cb or CO: Respective longitudinal sound velocity,'
transverse (or shear) wave velocity, and "bulk sound velocity"
[E(BP/Bp)é/2 km/sec] derived from static compression or for an isotropic

sample (C% - 4/3 Cz)llz.

The quantity C, is helpful in allowing interpolations of the bulk

0
compressibility between the lower limit of the dynamic range and the

compressibility at one atmosphere.

It may be noted that no subscripts have been printed in the body of the
compendium. This is due to the limited character list of the automatic printer
is written as VO, C) as CL, etc.

0 2
While the above characterization is adequate for most purposes, some

that produced these pages. Therefore, V

structural transformations are comparable to or slower than the measuring time
in shock experiments. Under these conditions, othexr sample specifications are
needed to adequately describe the sample. This problem has come up in detailed
investigations of dynamic yield points and in the study of phase transitions

and chemical reactions. In the former case, for example, impurity concentration
and thermal history become highly important. Mixtures of solids and liquids

exhibit relaxation times that depend in a complex fashion on microscopic

~structure and strength and, for high pressure shocks, on the temperature

distribution behind the front.

Comments — A comments section is provided for further characterizations
of the material and the experiment. The first comment is reserved for a source
statement. This may be the name of a person and an address or journal reference.
The second comment contains a characterization of the experimental method and
the technique of data analysis. To avoid lengthy descriptions on each data
page, short descriptions of each method are given in the section on techniques.
These descriptions, of course, do not dwell on details of experimental setup
or data handling but are primarily an attempt to give a short and unambiguous
classification of a series of data recording and analysis methods. For more
detail, the user is referred to papers and books on the subject. A review has

been given by Duval and Fowles.2
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Any number of comments may be listed by the compiler or suggested by the
investigator. The extent and format of these comments are flexible and depend
on relatively arbitrary decisions of the compiler. It is clear that these

comments can never replace the full publication.

Filing Order

The filing order chosen for this volume is independent of arbitrary
nomenclature and trade names and, when understood, is equally useful to any
language group. However, for those users preferring the English language as
a basis for searching this volume, an index for each section is provided. The
author index for each section is a convenient guide to the contributors.

The filing order is based on the periodic table. The basic system is
described in detail by the Office of Critical Tables,5 aﬁd some modifications
have been made in accordance with the latest modification of a numerical order
of the elements proposed by Rossini.6 (See Table 1 and Fig. 4 at the end of
the techniques listings.) With some small exceptions, the categories, too,
are essentially those given by Rossini. They are:

Al. Elements: Filed by order number. For example: 0 - #l is filed

before H - #2, before He - #3, etc.

A,. Compounds, including intermetallic compounds: These are divided

’ into groups which are determined by the element in the compound with
the largest order number. Subsets within this group are then
determined by the element with the next to highest number, etc. To
this end, each compound is characterized by the set of order numbers
(called index or finding numbers) of its elements written in order
of decreasing order number.

For example:

Name Formula Index
Sodium oxide NaZO* 99-1
Sodium hydroxide NaOH 99-2-1
Sodium fluoride NaF 99-9
Sodium chloride NaCl 99-10
Sodium sulfate Na2804 99-14-1
Sodium carbonate Na2C03 99-23-1

*

Note that the automatic printer used for the data pages is restricted to
capital letters, so that the molecular formulas must be written with their
elements separated by dashes or brackets: Na20 becomes NA2-0, etc.
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These are all members of the group filed under sodium in the above order. All
potassium compounds (#100) containing elements with numbers not larger than
100 follow this group, while ail lithium compounds containing elements with
numbers not larger than 98 precede the sodium group, etc.

The only compounds excluded from this category are those with two or
more carbon atoms (#23) and no elements above #23. These are filed separately

under categories B and C.

B. Hydrocarbons: Organic compounds containing only C (#23) and H (#2).

For example:

Name Formula Index
Methane CH4 23-2 (1-4)
Benzene C6H6 23-2 (6-6)
Hexane C6H8 23-2 (6-8)
Octane 08H10 23-2 (6-10)

are listed in the above order. Therefore, in order to find a hydrocarbon, one
must first find the set containing the correct number of carbon atoms and,
second, the compound with the proper number of hydrogen atoms of that set.
Polymers are filed under the monomer.
C. All other organic compounds: Compounds with more than two carbon
atoms (#23) and no element with order number larger than 23.
D. Alloys, solutions, and mixtures: Materials that are not simple
compounds and that contain no component (element or compound) over
90 mole percent. Those that contain a component over 90 mole percent
will be listed under Al’ A2’ B, or C to avoid scattering almost pure
materials under different headings.
The finding number may be a compound number derived from the constituent
compounds. The leading index will be that of the major constituent — not

necessarily the one containing the largest order number.

For example:
41-24-1--93-24-1

Olivine

(Name) (Formula) (Composition)
Fayalite Fe28104 55.0%
Forsterite MgZSiO4 45,0%

=B




In this case, the compound index consists of the indexes of two minerals
(Fayalite and Forsterite). These indexes are of necessity complex, but they
allow for a minimum amount of éonflict in filing order. No distinction has,
so far, been made between solutions and granular mixtures in generating the
index numbers.

The above example forms the heading for the data page of the particular
rock.

A large number of the materials studied have not been characterized
sufficiently to allow assignment of a finding number. These materials are,
however, useful for many engineering applications. They are synthetic
composites and geological materials and are generally categorized as mixtures
or organic plastics. A separate section has been provided for these materials

at the end of this compendium.

Techniques

Experimental:

A. Pin: The surface accelerated by the shock wave under study may be
used as one pole of a switch. The value and complexity of this
technique for locating shock and free-surface position as a function
of time are well illustrated by the experiments on iron of Bancroft
et al.7 In these experiments, the switch completes a current path
and causes a capacitor to discharge. Alternatively, a voltage or
current pulse may be produced by a ferroelectric or piezoelectric
crystal on impact with a surface. A description of some pin types

has been given by van Thiel and Alder.8

B. Optical flash: The moving surface may be used to compress a thin
layer (0.01-0.1 mm) of argon or xenon gas. This shock compression
results in a flash which is then recorded by a smear camera. This
technique has been adequately described by Rice et al.1 and by

McQueen et al.9

Reflectivity change of a mirror: An optically reflecting surface
will turn opaque when impacted with sufficient strength by a shocked
material. A smear camera is focused on a mirror placed on the
surface to be shocked or some distance from it and records arrival

2
of the shock wave or the free surface, respectively.
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. Turning mirror: Frequently surface structure of shock strength is

such that the surface of the mirror does not change reflectivity
rapidly enough. In this case, the mirror may be placed at an angle
to the shock front or surface. Impact then causes the mirror to
turn through an angle, thus removing a parallel beam of light from
the optical path. This technique is more reliable for smooth
surfaces than technique Cl but requires more care in the optical

setup.

. Total reflection of a prismlo: This is a variation of the mirror

technique. Closing a void (as small as a micron) between a sample
and a glass or other transparent prism will change the angle of
total internal reflection. A beam of light reflected internally
close to the critical angle will, therefore, be rapidly cut off when
the void is closed. The prism may be placed either on the surface
or at some angle to it to determine either the arrival time of the

shock or the velocity of the surface.

"optical lever": The optical-lever technique employs the change of
position of an optical image in a reflecting surface when this
surface is turned by a shock wave. In this case, the shock front
makes a known finite angle with the surface. The measurement of the
displacement of a series of images made by different parts of the
surface and the observation of the time of displacement of these

images yields the required shock and free-surface parameters.2

"Knife edge": The knife-edge or moving-image technique yields higher
spatial resolution than the optical-lever technique. Here a thin
wire or knife edge is suspended over the polished surface of the
specimen. The separation of the knife edge and its image may be
photographed as a function of time to yield the surface velocity.

This technique was first reported by Davis and Craig.

Resistance wire: This technique, first described in a Sandia
Laboratories report,12 has been used to measure free-surface velocity.
Here a change of resistance is measured as the moving surface shorts
out a resistance wire positioned at an angle to the surface. The
velocity of the free surface is then obtained from the resistance-time
record. Shock velocity may be obtained if the wire is parallel to

the surface and the shock direction is other than normal.

i, .




Capacitor: The capacitor technique measures the change of
capacitance of a parallel plate capacitor, one plate of which is the

surface whose velocity is to be measured.13

Polarization: The polarization technique14 uses the shape of an
electrical pulse produced by the shock to measure shock velocity in
cases where the shock wave changes the dielectric polarization of
the sample.

Transducer: While the above techniques measure shock or surface
motion, several transducer techniques that give pressure directly

have been developed or are under development. In these cases, a

measured voltage change is related to pressure by calibration against

one of the primary techniques mentioned above. Some examples are:
® Conductivity gauge: The sulfur gauge was first developed by
Eichelberger and Hauver.15 It is based on the change of

conductivity of a sulfur wafer with pressure. Another useful

material for pressure measurement is manganin wire, used previously

in static work because of its linear pressure versus resistivity
curve. Some work has been done to extend this curve to higher
pressures.,

® Piezoelectric gauge: The quartz gaugel7 and the lithium niobate
gauge,18 which are based on the piezoelectric coefficient, yield
useful pressure measurements up to about 50 kbar and 15 kbar,

respectively. A calibration curve may be obtained from R. A.

Graham, Sandia Laboratories, Albuquerque. Tourmaline has been used

19

and a calibration up to 21 kbar has been reported.

Radiographic methods: These may measure either one of two sets of

parameters.

® The shock velocity and density change across the shock front.
This method has been described by Schall.20

® The shock velocity and the velocity of an embedded foil of higher
specific absorption index. This method is valuable in that it
yields P, V, and E points independently of a model or a standard
material. TIts limitations lie in the relatively poor shock front

resolution.

Magnetic induction: This may be used in interface and free-surface
velocity measurements.

-8-
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® A current loop made of foil or flattened wire may be embedded in

a nonconducting sample or placed at an interface.21’22

The voltage
induced in the wire when the wire is moved through an externally
applied uniform magnetic field is a measure of material velocity.

@ Similarly, a voltage may be induced in a current loop placed
concentric to a magnetic pole and close to a moving surface.23
This method is relatively inexpensive and may be used to measure

the motion of any metallic-nonmetallic interface.

Data Reduction:

The
are shock

be either

parameters obtained from most experimental techniques used to date
velocity (US) and surface velocity (Ufs)' The surface velocity may

the velocity of a projectile generating pressure in the sample

(Fig. 2) or the velocity of the sample surface after the shock has traveled

through the sample. The pressure change P - PO = po US Up is a function of

shock velocity and the change of mass velocity across the front. Techniques

for calculating this latter velocity are discussed below.

Al

Projectile

If the projectile and the sample (Fig. 2(a)) are made of the same
material, the shock velocity in the sample and in the projectile
(relative to the unshocked medium in front of the wave) is the same.
Therefore, the dynamic impedance poUs = P/Up, tanel = tanez, where
from symmetry (Fig. 2(b)) Up is equal to one-half the projectile
velocity before impact and equal to the change of mass velocity
across the wave. If the projectile and the sample are not the same,

the projectile Hugoniot (HZ) is used as a known standard (Fig. 2(c)).

Sample H,
U |
fs PR/ 1 N\Re P Ry |
1= | |
' '
-E_L_J'L’ ~U AR )N 04 :
S
Up Up  Ux=2Up Up  Ug

(a) (b) (c)

Fig. 2. Velocity diagrams.

-9-




The solution is then given by the intersection of Rl and HZ' The O

equations to be solved are therefore:

In Fig. 2(b):

® =P ampie = (o Ug) (12)
and

® - Po)orojectile = (Pg Ug) (Ugg = U (1b)
Or in Fig. 2(c):

® = ) sampte = P U) U, (10)

and the equation of the projectile Hugoniot

® - P, = £(Ug, - V). 2)

P0 projectile

Bl' Where the velocity of a projectile is not measured, the sample is
positioned on a plate (the standard) with a known Hugoniot locus (H)
and unloading isentropes (a). As is shown in Fig. 3, the solution

is given by the dynamic impendance condition of the sample Q

Fig. 3. Projectile velocity.

-10~




(tanel =0 US), and the particular unloading path (a) that crosses

0
the Hugoniot point of the plate at the experimental pressure (Pl)'
The latter is selected on the basis of a measurement of UfS or

po US - tane1 of the plate. The solution of P1 and Upl is,

therefore, obtained from:

P, - Po = AP (sample) = (tanez) Up2 (1d)

2

and the equation of the unloading adiabat

P, = Pa (plate)

2 fa (Us' U

fs ~ Up2)

' —
fa (Ufs' Uts Up2

). (3)

A modification of technique B1 places the material with known
equation of state on the sample. The measured quantities are usually
the shock and (or) free-surface velocity of the known standard and
the shock velocity of the unknown. Consider P2 as the known pressure
and P. as the pressure to be determined (Fig. 3). Since the cross

1
curve (a) is not known in this case, the acoustic approximation angle

P,R,R; = 0, =py U (4)

may be made to yield a first-order solution
P, /Py = (6, + 0,)/26,. (5)

After several points are thus obtained, the solution may be improved
by iteration. When the shock front is not parallel to the

sample-standard interface, appropriate components must be used.2

Where the pressure is measured directly with a transducer, the other
parameter usually measured is the shock velocity through the sample.
The conservation of mass and momentum conditions mentioned before

may be rearranged to give

U P-P

Wi . =1-wb=1-—2 (6)
0 US 0 U2
0 s

Once P and V are known, conservation of energy then yields the energy

change

E-E,=1/2 (P0 + P) (V0 -V . @))

0

-11-




If only US and U_. are available from a set of experiments, a

Hugoniot may be gitained with:

® The assumption that Up =1/2 Ufs' This is a good approximation at
sufficiently low shock compression.

® Otherwise, a model of the thermal expansion or thermal pressure
coefficient is used to calculate adiabats from an assumed Hugoniot.

A first-order estimate may be the first assumption above.

The Rieman integral
V
,3P
= —| dv
Ur / I Vv
Vo

along an isentrope is then assumed to yield the increase in mass

velocity when shocked material, initially at some pressure Pl and

partlcle velocity U (Fig. 3), unloads to PO and UfS = Up + U .
These techniques have been discussed in detail by Walsh?? and by
Al' tshuler.26

This model assumes equilibrium within the state considered. Some
uncertainty exists at the time of this writing on how to treat small
but measurable effects due to slow relaxation processes behind or in
a shock wave. These may be important near-phase transitions or in

the pressure range of elastic yield.

Where a radiographic method has given US and V/VO, Up is obtained
directly from Eq. (6) and P from the pressure equation given on

page 1.

The before-mentioned conservation conditions may be applied without

rearranging where US and UP are given directly.

If a transducer with a known Hugoniot equation (Us = F(P), Up = F(P))
like quartz is impacted onto the sample or is impacted by the
unknown, all required quantities can be calculated from a measure of
P and impact velocity, since P(tr) = P(sa), and Up(sa) =0 - Up(tr),
where tr is the transducer, sa is the sample and U is the impact

velocity.

~12-




Table 1.

Order of the elements.

Actinium
Aluminum
Americium

Antimony (Stibium)

Argon

Arsenic
Astatine
Barium
Berkelium
Beryllium

Bismuth
Boron

Bromine
Cadmium
Calcium

Californium
Carbon
Cerium
Cesium
Chlorine

Chromium
Cobalt
Copper
Curium
Dysprosium

Einsteinium
Erbium
Europium
Fermium
Fluorine

Francium
Gadolinium
Gallium
Germanium
Gold

Hafnium
Helium
Hydrogen
Holmium

Ac
Al
Am
Sb
Ar

As
At
Ba
Bk
Be

Bi
B

Br
cd
Ca

ct
C

Ce
Cs
Ccl

Cr
Co
Cu
Cm

Dy

D
Er
Eu
Fm
F

Fr
Gd
Ga
Ge
Au

HE
He
H

Ho

91
29
85
21

5

20
13
96
83

92

22
28
11
34
94

82
23
75
102
10

51
40
36
84
67

81
65
70
80

9

103
69
30
25
38

Indium
Iodine
Iridium
Iron
Krypton

Lanthanum
Lead
Lithium
Lutetium
Lawrenc ium

Magnesium

Manganese
Mendelevium

Mercury (Hydrargyrum)
Molybdenum

Neodymium

Neon

Neptunium

Nickel

Niobium (Columbium)

Nitrogen
Nobelium
Osmium
Oxygen
Palladium

Phosphorus
Platinum
Plutonium
Polonium
Potassium (Kalium)

Promethium
Protactinium
Praseodymium
Radium
Radon

Rhenium
Rhodium
Rubidium
Ruthenium

In

Ir
Fe
Kr

La
Pb
Li
Lu
Lw

Mg

Mv
Hg
Mo

Nd
Ne
Np
Ni

No
Os

Pd

Pt
Pu
Po

Pa
Pr

Re
Rh
Rb
Ru

31
12
46
41

76
27
98
62
77

93
48
79
35
52

73

87
39
55

18
78
47

42

19
45
86
17
74

72
89
74
97

50
43
101
44
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Fig. 4. Standard order of arrangement of the chemical elements.
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PORGUS

POROUS

1060 ALLGY

2024-T4

1060 ALLOY

2024

2024 ALUMINUM
2 5

9217 ALUMINUM

29 ===1'6
ANTIMONY
2

ELEMENTS

PAGE NO.

72

73

76

77

78

79

81

383

85

27

20

92

97

98

105

18

PAGE




SECTIGON A1 ELEMENTS
MATERIAL NAME/MATERIAL NUMBER ) PAGE NG,

5---1

ARGON
5---2

ARGON
5--°3

ARGON
5---4

ARCON
....-5

BARI UM
BB ===

BERYLL[UH

BEPYLL[UM
92--2

BLRYLL[UM POROUS

-

BEFYLLIUM

---4
BERYLL I UM
92---5
BISMUTH, SUMMARY
22---0

BISMUTH

---1

BISMUTH
22---2

BISMUTH
22 --3
B[SMUTH
22---4

BISMUTH




SECTIGN Al ELEMENTS
MATERIAL NAME/MATERIAL NUMBER PAGE NO.

BISMUTH
22---6

BISMUTH
2 2

BISMUTH CAST
22---8

CQDMIUM, SUMMARY

CADMIUM

CADMI UM
34

CADMI UM
3

CALCIUM
Sdi===1

CALCIUM
94---2

CARBON (GRAPHITE, CEYLB3N-PRESSED)

ggRBGN (GRAPHITE, COMMERCIAL) ( ATJ)

CARBON, (GRAPHITE PYROLYTIC)

gARBU; (GRAPHITE PORGUS)

3---

gARBﬂg (DIAMGND PRIZSSED)

CERIUM
7

CERIUM
75---2

CESIUM
D2 ===




SECTIGN A1 ELEMENTS
MATERIAL NAME/MATERIAL NUMBER PAGE NO.

CHRGHIUM

CHROM L UM
1---2

CHROHIUM

COBALT
40---1

COBALT
a6--2

COPPER SUMMARY
36---0

COPPER
BBi===1

COPPER
36---2

COPPER
3G =3

COPPER
36---4
COPPER
36---5

COPPER POROUS
36---6

COPPER
BE--=F

COPPER
36---8

COPFER
36---9

COPPER POROUS

POPPER OFHC




SECTICON A1
MATERIAL NAME/MATERIAL NUMBER

COPPER
SB===12

gYSPRUSIUM

DYSPROSITUM
57

ERBIUM
65---1

EURGP I LM
it

gADOLlN!UM

GADGLIHIUM
69 2

gERMAN[UM

---1

GERMANIUM, SINGLE CRYSTAL.
25-=-2

gERMAN[UM

GOLD SUMMARY
338

GOLD

Ba===1

GOLD
38---2

GGLD
38---3

BOLD
38---4

GRAPHITE PYROLYTIC

-1

ggAPHlTE PYROLYTIC

ELEMENTS

PAGE NU.




SECTIGN Al
MATERI AL NAME/MATERIAL NUMBER

EgAPHITE CLvIMERCT AL

HAFNTUM
T SRR

HAFNI UM
59-=~2

INDIUM
=]

[NDT M
Bl =i=l=2

[ODINE
12---1

<

IRIDIUM
AB==1=]]

LRGN SUMMARY
1---0

QRON ARMCC

[ RUN
Al = ==3

1RON
a1---4

QRGN. ARMCO

IRCN
1 5

IRON, ARMCO
===

ELEMENTS

PAGE NO.




SECTION Al
MATERIAL NAME/MATERIAL NUMBER

LANTHANUM
76---1

%ANTHANUM

---2

EEAD, SUMMARY

--'o

LLEAD
27==%1

LEAD
27 ===2

LEAD
2Y ===

LLEAD
27---4

LLEAD PG&ROUS

LLEAD
202256

LEAD
2= =7

LEAD
27---8

LITHIUM
3

8---1

LITHIUM
98-==2

ELEMENTS

PAGE NO.




SECTION A1l
MATERIAL NAME/MATERI AL NUMBER

LITHIUM
9 3

LUTETIUM
(3}

===

MAGNES ! UM
93---1

MAGNES UM

MABNESIUM POROUS

93---3

MAGNEST UM
93

gAGNESIUM

MAGNES UM

QAGNESIUM

EAGNESIUM

gAGNESIUM AZ-31B

gAGNESéUM. AZ31B ALLGBY

--=1

MERCURY
385-~-1

gﬂLYmDENUM SUMMARY

MOLYBDENUM
)

MOLYBDENUM
52 ==2

MOLYBDENUM
52 3

ELEMENTS

PABE NO.




SECTIGN Al
MATERIAL MAME/MATERIAL NUMBER

..............................

gOLYBDENUM

gOLYBDENUM

- -

NEGDYMI UM
73---1
NEOD ML UM
73---2

NICKIEL
3

NICKEL
B ==r2

NICKEL
BQie==3

NICKEL PORGOUS
39---4

NICKEL
33---5

NI CKEL
39---6

NIOBIUM
35

NIGBIUM
5

NIOBIUM
B8==3

NIOBIUM
55---4
NLTROGEN L1QUID

NITROGEN, LIQUID
18---2

TITRGGEN

ELEMENTS

PAGE NO.

221

222

273

274

1538

160

161

162

164

235

2386

237

238

14

15

16

PAGE

]




SECTION A1
MATERTAL NAME/MATERIAL NUMBER

?XYG?N. I.1QUID

SALLAD[UM

PALLADI UM
4 2

g&

PALILADI UM
4 3

ZALLAD[UM

PLATINUM
4

ZLATINUM

ZLAT!NUM

ZLATINUM

?STASSIUM SUMMARY

POTASS3 UM
10

B

POTASSI UM
100

PRASEGDYMI UM
74

-2

RHENIUM
5

S--

RHODIUM
43

==

?UB[DIUM

i---1

;AHAR[UM

1---1

ELEMENTS

PAGE NG,




SECTION Al
MATERIAL NAME/MATERIAL MUMBER

S?MARIUM

SSANDIUM

SCANDI UM
0

-

SILVER SUMMARY
37 == 50

SILVER
f===]

SILVER
Bl ===-2

SILVER
BV r==3

SODIUM SUMMARY
98---0

SODIUM
99==21]

S6DIUM
99---2

STEEL MILD, ENS
41 2

STEEL, 1020 ALLGY (IRON)
ai---1o

ﬁIEEL‘1IO4O ALLOY (IRGN)

STEEL, 1055 ALLOY (IRGN)
41--"12

STRONTI UM

Apa

TANTALUM

TANTALUM

ELEMENTS

PABE NG.




SECTION Al
MATERI AL NAME/MATERIAL NUMBER

gANTALUM

- -

gANTALUM

THALLIUM
3z 1

gHALLIUM

THORI UM
30

THORIUM
9

TIN SUMMARY
26 0

TIN
26---1

TIM
26~ =-2

TIN
28F==3

TIN
26---4

ngANéUH SUMMARY

TITANIUM
57---1

TITANIUM
5

TITANIUM
eI |

TITANIUM
5

TITANIUM
D=5

ELEMENTS

PAGE NG.




SECTIGN Al
MATERIAL NAME/MATERIAL MUMBER

;UNBSTEN

TUNGSTEN POROUS

TUNGSTEN
53 3

TUNGSTEN
53

TUNGSTEN
53---5

gRANIUHvSUHMARY

gRANIUM POROUS

-1

URANT UM
ag---2

URAN | UM
83---3

URANI UM
38---4

URANIUM
38---5

URANITUM
88---6

URANITUM
8ag-==7

VANAD UM
54---1
VANAD [ UM
54---2

VANADI UM
54

XENON

7---1

ELEMENTS

PAGE NO.




SECTIGN A1l
MATERIAL MNAME/MATERIAL NMUMBER

YTTRi UM
3

YTTRIUM
5

Y TTERBIUM
53-- -1

%}NC, SUMMARY

ZINC
33---1

ZINC
F3==i=2

ZINC
33---3

ZINC
33---4

ZIRCONI UM
B3===

ZIRCONI UM
5

glRCGN[UM

ZIRCONI UM
58---4

ELEMENTS

PAGE iNG.




SECTICGN A2
MATERIAL NAHE/MATERIAL MUMBER

QLUMINUM GXI1DE, CERAMIC

1---

AHMGN!UM SULFATE
18=-14-2-1=--~1

gnghUSITE NATURAL (ALUMINUM SIILICATE)

BAngM TITANATE

gARéUMTITANATE CALCILMTITANATE CERAMIC

BSRYLL[UM OKXiDE POROUS

.

BﬂRON NITRIDE PYROLYTIC

ggRUN NITRIDE, PYROLYTIC.

18-~~

BSR?N NITRIDE PORGUS. (IPBN)

BGRGN NlTRlDE PYROLYTIC

BORGN CARBIDE

3---1

INORGANICS

CALglUMCARBUNATE SUMMARY (CALCITE SUMMARY)

CALgéTF (ICELLAND SPAR SINGLE CRYSTAL)

CARBGN DICXIDE

1---1

ggRBONTETRACHLﬂRIDE

0---1

chBUN TETRACHLOGRIDE

10~~~

CARBGN TETRACHLORIDE

10---3

PAGE NO.




SECTIGN A2 I NORBANICS
MATERIAL NAME/MATERIAL NUMBER

CARBON DISULF I DE
23-14---1

CARBON DISUILLFIDE
23-14---2

géS?lTETlTE (TIN STONE) (TIN GXIDE)
CESIUM CHLORIDE
102-10

===

CESIUM BROMIDE

I02=h===

CESIUM BROMIDE
IR2=T ===,

CESIUM 10DIDE
j02=12===

CESIUM 16DIDE
102-12

CESIUM IGDIDE
102=1 3

CESIUM IGDIDE, FORGOUS
102=-12-==4

?ngRINE TRIFILUBRIDE

ggR?NDUT (ALUMINUM GXIDE CRYSTALLINE)

ggR?NDUg (ALUMINUM O©XIDE CERAMIC)

D1OP31DE
94-93-24-1---1

DOLOMITE
9.4 -93=-23=1 ===

DOLGMITE
994 -93=23 -1 ===2

ggs;ngTE ?ERAMIC (MAGNESIUM METASILICATE)

PAGE

NO,




SECTION AZ i INGRBANICS
MATERIAL NAME/MATERIAL NUMBER

.............................

FAYALITE (iRON ORTHOSIILICATE)

1-24-1---

FORSTERITE CERAMIC (MABNESIUM ORTHESIL i CATE)
33-24-1---2

FORSTERITE (BLIVINE) PBLYCRISTALLINE
93-24-1---3

HEMATITE NATURAL (FERRIC GXIDE)

I%MENITE (1RGN METATITANATE)

-'l_--

JADEITE, BURMA (SODIUM ALUMINUM SILICATE) (SILICA
99-29-24-1-~--1

LEAD Z[RCGNATE

LéHEgTONE SOLENHGFEN

gLMESTONE SOLENHOFEN

sAMESTﬁNE (CALCIUM CARBONATE)

LIMESTONE
94-23 -1 ---8

SITHIUH HYDRIDE

-2-1

LITHIUM FLUGRIDE
98-9---1

LlTHlUM FLUGRIDE

LLITHIUM FILLUGRIDE
8-

ngHUMFLUGRIDE

---4

I.ITHIUM CHLORIDE
93 =l0===]

PAGE WG,

398

409

410

386

402

464

394

418

423

424

426

437

438

439

440

442

444

PAGE

19




SECTION A2 INORGANICS
MATERIAL NAME/MATERIAILL NUMBER

LITHIUM BROGMIDE

e ll===0

LITHIUM 1GDIDE

898-12---1

LITHIUM 18DIDE

99=N2 ===

q?GTETlgE NATURAL (FERROSGFERRIC GXIDE)

HAGNLSIUM GKIDE, SINGLE-CRYSTAL {(MABNGRI TE)

MARBLE
94-23-1---1

MARBLE YULE
-23-

MARBLE VERMONT

MéCRggLégE 5NIARIG (POTASSIUM ALUMINUM SILICATE)

PER[PLASE (MAGNESIUM GXIDE CRYSTALLINE)

-1

SER{CLASE CERAMIC (MAGNES!IUMGHiDE)

PGLYDIMETHYLSILUKANE (SILICGBNE 210 FLUID)
4-23-2-1(90-182-546-83) - - -1

PUTA%SIUM FLUGBRIDE

9---1

ngASSIUM CHLORIDE

POTASSIUM_CHLORIDE
100-10---2

POTA?SlUM CHL.ORIDE

PgTASS[UM CHLORIDE

FPAGE NO.




SECTICGN A2 INORGANICS

MATERIAL NAME/MATERIAL NUMBER

POTASSI UM BROMIDE
100=17 ===1

POTASSIUM BREMIDE
100~ 1 ===2

POTASSIUM BRGMIDE
100-11

POTA?ZIUM 10DIDE

ZYRULUSITE ({MANGANESE DIGXIDE)

J==-

gUARTZ SUMMARY

QgARTZ CRYSTAL

QUARTZ, FUSED
24-

ggARTZ CRYSTAL (SILICOGNDIGXIDE)

gUARTZ (SAND)

QUARTZI TE
24-1---8

DUARTZ[TE

“-1=-=--

ggARTZ CRYSTAL (SILICOGNDIGXIDE)

QUARTZ (SAND)
24- 1

QUARTZ (gGGONlNO SANDSTONE)

RUBIDIUH FLUGRIDE

201

RUBIDIUM CHLOGRIDE
JQ=ng ===

PAGE NO.




SECTION A2 INCZRGANICS
MATERT AL NAME/MATEPIAL NUMBER

UM ?ROMIDE

DlUM_1oDIDE
CRYSTAL AND NATURAL (TITAWIUM ®XIDE)

SANDSTGNE COCONING
24-1--21
SERPENTINE, VER-MYEN (MAGNESIUM S1LiCATE-HYDROUS)
93-24-2-1-4-]
SILICA (SAND)
24-

SILICA (SAND)
24-1---3

SILICON CARBIDE
24-23---]

SILEQMAN!TE (ALUMINMUM SILLICATE)

gﬁDlUM FILUORIDE

G-

9gD%‘JHI"HLURIDE SUMMARY

S0DIUM CHLORIDE
QY=l10===]]

SGDIUM CHLGRIDE
99~

SGDIUJUM CHLORIDE
89-10=->=3
SCDIUM CHLGRIDE
93=-10~=-4
gﬂD;UM CHI.GRIDE

SGDIUM BRGMIDE

PABE NG,




SECTION A2 INGRGANICS
MATERIAL NAME/MATERIAL NUMBER PAGE NO.

SODIUM IODIDE
9g9-12~-==1

SODIUM 1GDIDE
9g-12

gglggL (MAGNESIUM ALUMINATE CERAMIC)

1==-1

TUNGSTEM CARBIDE
53~

gATER SUMMARY

WATER (HYDROGEN GXIDE)

2-1---1

gATER {HYDROGEN OXIiDE)

gATER (HYDROGEN OXIDE)

WATER
2-1---4

WATER
2-1---5




BSECTION B
MATERIAL NAME/MATERIAL NUMBER
ANTHRALENE
EB=200=1=10) ===

BENTINE
220800~ ==
BENZENE
23-2(6-6)---2

HEXANE
232(8-14)-~=1

il KANE
RE-2(6-14) ~---2

PARAFFIN
P 2 A} ==

PHEM\NTHRENE
23~z -0 0502

POLY EZTHYLENE
2320240 -~ =1

POLYETHYLENE — GAMMA - IRRADYATED
28-202-4)===2

POLYETHYLENE (ALATHGN 7030)

23°2(2 ) ---3

POLYETHYLLENE
2552 2A)EE =g

PGIYMTHYLFNE
23-2(2-4)-~-6
POLY STYRENE

2820 3-8)-1==1

PULY TYRENL
2228 =) ===

POLY S TYRENE
23-278-3)---3
POLY S TYRENE

23-2(8-8)---4

é g?EF(BENZﬁ(DtF)PHENANTARENE)

HYDROCARBGONS




SECTION C ORGAMICS
MATF“I”L NAME AMATERIAL WUMIPER
ACITONE
A=l 3=e= ===

ADIPQENF RUBBER =100
23- 10-2-1(200-8-3-349-40) - -

BENZENF.I~AMlNﬁ 2 4,6-TRINITRY (TNA) (EXPLGSIVE)
23-13-2-1(6-4-~ -t

QEN%ENE.I g IngNﬁ 2, 4,6-TRINITRO (DATB) (EXFLOSI
23=18=2= > )

BENZE -TI!AMING 2,4, C-TRINITRG (TATB) (EXPL
25=18- 2 (6-i-6-6) 1

BROMOFORM

23-11-201=-1-3)-==1

BPGMGEIHANF

2F=1t=202-5=1)=+=]

CYCLOHEXAME , 1,3, 5-TRINITRS, i,3,5-TRIAZA (HEXGGEN) (
#3-18-2-1(3-6-6~6) ---1

nUR!TE

25=2-1C11=-8-3) ~==1

EPGKY RESIM (EPGN 3822)

2R-18-2-11200-6-224-28) ---1

EPOXY

23-18-2-1(200-10-286-33)---1

FTHYL ALCOHGL.
=q2=~e=1hi===]

LTHANOL
=Hl2=6=1) ===2

ETHANGL
23-2-102-6-2)---3

ETHYL ETHIR (ETHER)
B2 =B =s=]
ETHYL ETHER (ETHER)
28 F2=lit4=10=1)=~=2

GLYCERINE
#3172 =1113=8=8)) ===

PAGE MO.




SECTIGN ¢ CORGANICS
MATERTIAL NAME/MATERIAL NUMBER

(GLYCERTL)
-3

(gLYCERGL)

) -=--

YTQ;FLU?ROCHLGRﬁETHYLENE)

g?ETHYLMETHACRYLATE}

YMLTHYLMETHACRYLATF)

METHANGL
231=2 =8 ==y =mral]

MONGNI TRO TILLUEMNE
28 8=@=NC7 =] =223 ==

N-AMYL Al.COGHOL

23-2-105-12=1)===1

NEGPRENE (POLY - ZLHLGRG 1,3 BUTALIENE ;
2B=10=2(4=1=85) ==~

NITROMIZETHANE
23-18-2-1(1-1-3-3)---1

NI TROME THANE
23-18-2-1(1=1-8-3)=-=-2

NI TROBENZENE
23-18-2-1(56-1-5-2)---1

NYLGN lPﬂLYAMID)
23=18=2-1(2 G2 DR

NYLON (PﬂLYAMlD)
28 =18-2-1(2-X-Y=-2Z)-=-2

G-NITROANI SULE
23=1 82 =7 =)= 2=8) =1

PERSPEX (POLYMETHYLMETHACRYLATE)
23-2=0(5-8-2) =~




SECTIGN ¢ ORGANICS
MATERIAL NAME/MATERIAL NUMBER PAGE Nd.
PERSPEK (POLYMETHYLMETHACRYLATE)
23- (5-8-2)---4

PHENGXY

23-2-1(18-20~-3)~==1

PLEXIGLAS (POLYMETHYLMETHACRYLATE)
23-2=11(5-8~2)-~-2

PLEXIGLAS (POLYMETHYLMETHACRYLATE)
23 VD =8=2)~==85

PLEXIGLAS (POLYMETHYLMETHACRYLATE)
23-2-105-8-2) -=~7

PLEKIGLAS (POLYMETHYLMETHACRYLATE)

23-2 S=8=2) = =~8

PLEXlGLAS (PGLYMETHYLMETHACRYLATE)
= 2= D=8 =2 ~==9

PLEéI?%gsa(PULYH?THYLMETHACRYLATE)

PLEXIGLAS (POLYMETHYLMETHACRYLATE)
23=2=1(5=8=2)===11

PLEXIGLAS (PﬂLYMETHYLMETHACRYLATE)
23-2-1(5-8-2)--=-18

PLEX[GLAS (POLYMETHYLMETHACRYLATE)
=1 (B =8-2) =-=~~185

PLEXIGLAS (PﬂLYMETHYLMETHACRYLATE)
=2=1S=8=2)===17

PLEX[GLAS (POLYMETHYLHETHACRYLATE)
23-2°1(5=8~2) s==
POLYHETHYLMETHACRYLATE SUMMARY
23-2<1(5=8-2)---0
PULYMETHYLMETHACRYLATE
23=2-1(5-8=2)=~=12
PULYMETHYLMETHAORYLATE
23-2=-1(5~-8-2k===]

PULYTR[FLUOROCHLGRUETH(LENE (HALUFLUGRUCARBGN oI1L)
23-10-9(12-8-18)---1




SECTIGN C ORGANICS
MATERIAL NAME/MATERIAL NUMBER PAGE NO.
PULYURETHANE FOAM
B=IBE2 =12 XM= Z) ==

POLYURETHANE
23-18-2-1(200-16-286-79) ---1

POLYURETHANE
23-18-2-1(200-18-286-73) ---2

TEFLON SUMMARY
23-9(2-4)---0

TEFLON (POLLYTETRAFI.UGRIBETHYLENE)
23=9(2=4)===1

TEFLON (PULYTETRAFLUﬂRﬂETHYLENE)
23-9(2-4)---2

TEFLON (POLYTETRAFLUGROETHYLENE)
23-9(2-4)---3

TEFLON (PGLYTETRAFLUORUETHYLENE)
23-9(2-4) ===

TEFLON (POLYTETRAFLUGROETHYLENE)
23-9(2-4)==*5

TEFLON

23-9(2-4)---6

TNT (EXPLOSIVE)

28=18-2-1(72-3-5=6) ===8

TOLUENE

28-2-1(Z=8=1)===1

TRlNlTRﬂBENZENE 1,3,5 (TNB) (EXPLGSIVE)
23-18-2-1(6-3-3-8) ===}

TRIN[TROTULUENE 2,4,6 (TNT) (EXPLGSIVE)
23-18-2-1(7-3-5-6)---1

TRINITRﬁTULUENE 2,4,6 (TNT) (EXPLOSIVE)
23-18-2-1(7-3-5-8)---2

TRlNITRUTULUENE (TNT EXPLOSIVE) (EXPLOSIVE)
23- =NC7=3=8=-6)===3

TRINITROTOLUENE (TNT) (EXPLOSIVE)
283=18-2~1(7=3=5-8)~==4




SECTIGN ¢ ORGANICS
MATERIAL NAVME/MATERIAL NUMBER

TRINITROTOLUENE C(TNT) (EXPLOSIVE)
23-18-2-1(7-3-5-6)---6

TRINITROTOLUENE (TNT) _(EXPLGSIVE)
23=18-2=1(7=3=85-6)===7

PAGE NO.




SECTION D MIXTURES
MATERIAL NAME/MATERIAL MNUMBER PAGE NO.

ALBITITE, SYLMAR, PENN. (SILICATE RGCK)
99-23-24-1--94-29-24-1---2

ANDESITE (ANGRTHGSITE) (SILICATE ROCK)
99-29-24-1--94-29-24-1---3

ANORTHGOSITE, TAHAWUS N.Y.
99-29-24-1--84-29-24-1---1
BARATOL., CAST (EXPLOSIVE)
96 =13 =l ==23=18=2=1(1=3=5=6)===

BASALT
99-29-24-1--94-29-24-1--93-41-

BASALT VACAVILLE (SILICATE ROCK)
99= 24-1--94-29-24-1--99-94-

BASALT, VACAVILLE
99-29-24-1--94-29-24-1--99-94-

BRASS
36--33---1

BRASS
36--33---2

BRASS
36--33---3

BRASS
-33---4

BROgEI'{'lTs1 BUSHVELg CIIMPLEX, TRANSVAAL (SILICATE

BRONZITITE, STILWATER COMPLEX, MONTANA (SILICATE R
3-24-1--41-24-1---6

?HLORINETRIFLUORIDE ALUMINUM MIXTURE

--29---1

EXP

b
=6=6) «=23~18-2-1/(

X

6

B, CAST (EXPLOGSIVE)
65=6=6)==223=18=2=1(
EX S

6-6-6

COMP . OSIVE)

23-
COM
23-

COMP .,
23-18-~

18 (
POS [w)
13- (
P IVE)

(
3-
N
3-
(E
3= 1==23-18-2=1(

B-3
2-1
[TI
2=
B-3
24

5]
PLO:
( 6-




SECTION D == MIXTURES
MATERIAL NAME/MATERIAL NUMBER

COMP. B (EXAPLOSIVE)
23-18-2-1(3-6-6-6)--23-18-2-1(
COPPER OXIDE- EPOXY

36-1=-23-187 2’1(200-10-286-33)

CYCLOTEL (EXPLOSIVE)
23-18-2-1(3-6-6-6)~--23-18-2-1(

DIABASE, CENTERVILLE, VA, (SILICATE ROCK)
94-298-24-1--99-94-93-41-29-24-

DIABASE, MARYLAMD (SILICATE ROCK)
99-94-29-24-1--99-94-93-41-24-

DIGPSITITE (SILICATE ROCK)

93-24-1--94-24-1--93-24-2-1---
DOLERITE (TRAP) (SILICATE ROCK)
93-24-1--41-24-1--84-24-1--94-

DUNITE MUOIHGEK MINE, TRANSVAAL (SILICATE RGCK)
41-24-1--93 sill=s=e]

DUNITE TWIN SISTERS MT. (SILICATE RGCK)

-24-1--41-24-1---
DUNITE [ (SILICATE RECK)
93-24-1--41-24-1--93-24-2-1---

DUNITE II (SILICATE ROCK)
9824~ 1--93~24-2=1==~1

ECLOGITE, HEALDSBURG, CALIF. (SILICATE ROCK)
99-94-93-29-24-1--41-29-24-1--

ECLOGGITE, NORWAY (SILICATE RUCK)
99-94-93-29-24-1--41-29-24-

ELKONITE 2125C((TUNGSTEN COPPER MIXTURE

53--36---1
ELKONITE 1W3 (TUNGSTEN-COPPER MIXTURE)
53--36---2
ELKONITE 3W3 (TUNGSTEN-COPPER MIXTURE)
53--36---3

ELKONITE 10W3 (TUNGSTEN-COPPER MIXTURE)
53--36---4

PAGE NO.

622
655
621

703
728
700
698
670
686
697
699
730
732
672
674
676

677
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SECTIGN D MIXTURES
MATERIAL NAME/MATERIAL NUMBER PAGE NO,

ggKgNllgsTc }0 (TUNGSTEN CARBIDE - COPPER MIXTURE)

ENSTATITIC PABBRO (SILICATE ROCK)
-1--94-24-1--99:-29-24-1-

gANS;SEL 77 (TUNGSTEN ALLGY)

FANSTEEL
53--39--36---8

GNEIS
24-1--99-94-29-24-1--130-93-41

GOULD - GERMANI UM
38--25---1

GOLD- GERMANIUM
38--25---2

GRANITE, SHOAL
99-29-24-1--94-29-24-1--24-1--

GRANITE
99-29-24-1--84-29-24-1--24-1--
GRANITE (GRANUDIﬁRITE HARDHAT)
99-29-24-1--100-29-24-1--24-1

GRANITE WESTERLY, R. 1. (SILICATE ROCK)
-29-24-1--99-29-24-1--24-1-

GRANIT
100- 29 24-1--99-29-24-1--94-29

LRGN SILICON MIXTURE

[ RON - NICKEL ALLOY

1--39---1

[ RON - N[CKEL ALLOY
41--3

L?ON NICKEL ALLGY

2?UN CHROMIUM MIXTURE



SECTION D SiEis MIXTURES
MATERIAL NAME/MATERIAL NUMBER

.............................

IRGNS?HRgMIUM NICKEL MIXTURE (STEEL-STAINLESS)

ILEAD EPON (EPON-LEA
27--23-18-2-1(100~ l-llO 20) ===

LEAD_ALLOY
27--34--93---1

LIMESTONE, KAIBAB ALPHA MEMBER
94-93-23-1--24-1---

LITHIUM TETRABORATE -EP3JXY
98-28-1--23-18-2-1(200-10-286-
EOCKQLLOY (BERYLILLIUM ALLOY)

LLX-04-1 (EXPLUSlVE) (PHBV 85/15)
23-18-2-1(4- -8)--23-9-2(10-

MgGNEgIUH BISMUTH ALLOY

MICARTA
28-2-1(7-6-2)--23-2*1(5-10-3) -

MULBERRY
83--55--58---1

NI TROSOGL PROPELLANT, CAST
18-10-2-1--29--23-18-2-1(3-3-5

8

NI TROMETHANE -ACETONE MIXTURE
23-18-2-1(1-1-3-3)--23-2-1(3-6
NI TROMETHANE -AGETONE MIXTURE
23-18-2-1(1-1-3-3)--23-2-1(3-6
OCTOL (EXPLOSIVE)
23-18-2-1(4-8-8-8)--23-18-2-1(
QCTOL, CAST (EXPLOSIVE)
23-18-2-1(4- 8)--23-18-2-1¢(
GLIVINITE I (SILICATE ROGCK)
93-24-1--41-24-1---3

OLIVINE
93-24-1--94-24-1---7

PAGE NO.

664
540
641
704
707
684
626
685
613

682

614
815
628
629
689

694

T — e — e P
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SECTION D MIXTURES
MATERIAL NAME/MATERIAL MNUMBER

QLIVINITE 11 _(SILICATE ROCK)
93-24-1--41-24-1--41-57-1---1

ﬂLIVlNITE (DIABASE) (SILICATE ROCK)
-29-24-1--99-29-24-1--93-24-

OLIGOCLASE (PLAGIGCLASE MUSKAWA)
99-29-24-1--94-29-24-1---4

ORE - OLIVENlTE (OLIVINITE) (SILICATE ROCK)
93-24-1--41-24-1--41 l===2

PENTOLITE (EXPLUSIVE)

23-18-2=105= =12 ==23-18=2=1

PERIDOTITE (GLIVINITE)
93-24-1--41-24-1---5

PHENGLIC REFRASIL
={i==23=2-1T(72-6=-2)==51

PYREX

24 == 2 8= sEr=)

PYRGXINITE (ENSTATITE) (SILICATE ROCK)
-24-1--41-24-1---4

RDX/TNT/ALUMINUM/NAX (HBX-1) (EXPLOSIVE)
=N(B-B-6-6)-=23-18=2-1(

RDX/TNT/ALUMINUM/HAX (HBX-3) (EXPLOSIVE)
23-18-2-1(3-6-6-6)--23-18-2-1(

RDX/TNT/ALUM[NUM/HAX (H-8) (EXPLOSIVE)
23-18-2-1(3-6-6-6)--23-18-2-1(

gAND-NATER MIXTURE (20 PERCENT SATURATED)

-1--2-1---1

SAND-WATER MIXTURE (50 PERCENT SATURATED)
24-1--2-1---2

SAND-WATER MIXTURE (100 PERCENT SATURATED)
SLLICONE RUBBER-SILICA MIXTURE
24-23-2-1(100-321-608-200) --24

SILASTIC RUBBER, RTV- 521
24-23-2-1--58~ 24-1--24-1--38-1

PAGE NO.




SECTIGN D
MATERIAL MAME/MATERIAL NUMBER

STAINLESS STEEL (TYPE 304)
21°087-239---2

STAINLESS STEEL (TYPE 304L)

41--51--39---

STAINLESS STEEL (TYPE 347)

1--51--39---4

STEEL, 304 STAINLESS
41--51--39---5

TLTANIUM-NICKEL ALLOY
39--57---1

TéTANlUM NICKEL ALLOY

TITANIUM-NICKEL ALLOGY
39--57---3

TUNBSTEN-NICKEL -COPPER ALLOY
53--39--36---1

ZERIFAC- EPOXY
98-29-24-1--23-18-2-1(200-10-2

ZERIFAC- PGLYURETHANE FOAM
98-23-24-1--23-18-2-1(200-16-2

ZINC_CHLORIDE AQUEGUS
33-10--2-1---1

MIXTURES

PAGE NO.




SECTION E UNDEF INED MIXTURES
MATERIAL NAME/MATERIAL NUMBER

AUBITE
94-83-41-29-24-1 7

ggRng CLUTH LAMINATE WITH ALUMINUM PHOSPHATE RESI

ggRgONqPHENOLIC. FILAMENT WOUND AND PYRGLISED

EPOXY ARMSTRGNB C-7 - ACTIVATOR A
23=Br2=l===]

EPGOXY ARMSTRUNG C-7 - ACTIVATOR R
23=18=2-1==~2

EXON
23 =1 0=2(2=1=3) 2

BLASS CLOTH 181 LAMINATE WlTH ALUMINUM PHGSPHATE R
84-29-28-24--29-19-1---1

MELMAC
23=8s2=i= %

MIN-K-2000

24=1 2

POLYRUBBER

23=18=2=11" i

PUHICEi MGNO CRATER

QUARTZ PHENOLIC, FILAMENT WOUND
24=1-=23-18-2-1 (7)) ==)

QUARTZ PHENOL 1C
-1---23-18-271(7)---2

SELECTRON (POLYESTER)
23-18=2-1 7

PAGE NOG.
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SGVIET PHYS.-TETP, VOL, 7, P. 514, (1953)
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SOVIET PHY$-JETP, VoOL. 11, PAGE 573 (1960)
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SOVIET PHYS. -JETP VoL. 766 (1960)
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SGVIET PHYS.-JETP, VOL.11, P. 766 (1960)
AL‘TSHULER, L.V., BAKANGVA, A.A, AND TRUNIN, R.F.
SOVIET PHYS.-JETP, VOL. 15, P. 65 (1962)
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AL TSHULER, L. BAKANGVA A.A, AND TRUNIN R.E.
SGVIET PHYS. JETé 15, P. 65 (1962

J. EXPTL. THEGRET. PH(S (UssrR)  veL. 42 Ph 95

AL’TSHULER, L. V., KRUPNIKGY, K, K. AND BRAZHNIK,

SOVIET PHYS.-JETP, VoL. 34, P. 614 (1958)

AL’TSHULER, L. KORMER, S.B., BAKANGVA, A.A.
SOVIET PHYS. JE?P VoL, 11, PAGE 573 (1960)
AL ' TSHULER, L. ET AL
SGVIET PHYS. JETP VOL. 15, P. 65 (1962)

AL°TSHULER, L. V., KORMER, S, B., BRAZHNIK, M. 1.

VLADIMIROV, L. A. AND FUN+IK Il
SGVIET PHYS.-JETP, VOL. 15 #66 (1960)

AL TSHULER, L. V., KRUPNIKGV, K. K. AND BRAZHNIK,
SGVIET PHYS.-JETP, VOL. 34, P. 614 (1958)
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