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PARTICLE SIZE EFFECT ON EXPLOSIVE BEHAVIOR

OF AMMONIUM PERCHLORATE

By

Donna Price, A. R. Clairmont, Jr., and I. Jaffe

ABSTRACT: Five different lots of ammonium perchlorate (AP) provided
average particle sizes of 10 to 200 V. They were used to show the
particle size effect on the limit curves and the family of detonation
velocity vs density curves. Decrease in particle size shifted the
former to lower diameters and higher densities; the latter to higher
detonation velocities and higher densities. Particle size did not
affect ideal detonation velocities.

Use of the 10 p and 25 p AP data in the curved front theory
gives a ratio of reaction times equal that of the average particle
sizes. This result is consistent with heterogeneous reaction at
the particle surfaces as is also the fact that shocked AP can undergo
vigorous but fading reactions which can persist as far as nine diam-
eters down the charge.

From earlier work, we had concluded that the extended gap test
must be used for AP and that the gradient of the shock sensitivity
curve (5C% gap pressure vs % theoretical maximum de, sity, Pg vs % TMD)
is steeper than that for TNT. The present more thorough study has
shown both of these conclusions to be wrong. Becaust granular AP can
undergo a number of powerful explosive reactions which are not deto-
nations, the regular gap test is actually preferable to the extended
in testing it for shock sensitivity. At high porosities the gradient
of the AP curve P vs % TMD is about the same as that for TNT, but
the gradient of te AP curve increases rapidly at lower porosities
because this material approaches a critical limit at the higher % TMD.
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This work was carried out under ORDTASK 033 102 FO09 06 O1 and is
part of a continuing program on the systematic investigation of the

explosive behavior of composite propellant models. The information

of this report has been combined with that of the preceding report

(NOLTR 67-71) into a paper which wili be published in Combustion

and Flame.
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PARTICLE SIZE EFFECT ON EXPLOSIVE BEHAVIOROF AMMONIUM PERCHLORATE

INTRODUCTION

There is only a small amount of scattered information in the

literature on the explosive behavior of composite oxidizer/fuel

mixtures. Consequently a systematic study of composite propellant

models has been initiated. The oxidizer chosen is ammonium per-

chlorate (AP) and the study has started with the explosive behavior

of this component. It will continue with various AP/fuel mixtures

and eventually include models containing common high explosives as

components.

The explosive properties of particular interest are 'etonabil-

ity, shock sensitivity and detonation behavior as functions of

particle size, loading density, charge size, and chemical composi-

tion. The first report in this series I presented the detonability

limits and detonation behavior for a finely ground AP. The object

of this second report is to demonstrate the various effects of

changing the particle size of the AP.

EXPERIMENTAL

Ammonium Perchlorate

All AP used was propellant grade and satisfied Navy Department

specification OS 11354B except that the finest grinds (XP-17 and

XP-II) contained 1% tricalcium phosphate. The manufacturer's

analyses for other samples gave 99.3% AP and 0.15% tricalcium

phosphate.

It has been the writers' experience that there is no satis-

factory, rapid method of determining particle size, especially for

I
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non-spherical particles. Exclusive reliance on one simple procedure

such as the Micromerograph analysis can be very misleading. For

example, one batch of AP was ordered with an average particle size

of' 45 P.. It arrived accompanied by a Micromerograph showing 44 p.

at the mean (50% weight less than 44 p diam.). However, on a

Ro-Tap sieve analyzer 75% of this AP passed through the No. 325

screen (44 ± opening).

The differences we are looking for do not seem to justify the

time and labor of a complete microscopic determination of particle

size distribution on each batch. Consequently we have examined

our samples in three ways: Micromerograph analyses, Ro-Tap sieve

analyses, and by study of several photomicrographs (magnification

of 60 -120 x) of each batch. Tables I and 2 contain the values

for the first two sets of analyses, and Fig. 1 presents typical

photomicrographs. Nominal mean sizes, which seem consistent with

all the informatior, have been listed in Table 3. Typical Micro-

merographs are given in the Appendix.

Charge Preparation

Vie AP was dried (four or more hours at 50°C), handled, and

made into cylindrical charges as in the previous work.
1 The

charge preparation had to be modified according to the particle

size, e.g., the lowest loading densities that could be obtained

were 0.6, 0.9, and 1.3 g/cc, respectively, for the 10, 25, and

200 p AP. Hence the charge density range that could be investi-

gated narrowed as the AP became more coarse. The method of

preparation for each charge is shown in the tables.

Measurements

The experimental set-up and instrumentation were the same as

in the previous work.I As before, the details for the 70 mm smear

2
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XP -17 XP-II1

f-IA

Iloop

II N 125N-119

FIG. I PHOTOMICROGRAPIS OF VARIOUS LOTS OF AP
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camera records (film, flasher, length of charge observed, and

writing speed) are given in the appendix (Table A-i). The records

were reduced and interpreted b the methods developed and described

earlier.
1

RESULTS AND DISCUSSION

Detonation Behavior Pattern

Tables 4 and 5 contain the data obtained from charges prepared

with a 25 p AP (N-126) and a 200 g. AP (N-119); a summary of the

failure or limit data appears at the end of Table 4. The detona-

bility curve is shown in Figure 2, and the curves D vs po at

various diameters are plotted in Fig. 3.

It was expected that increasing the particle size from 10 p

in the earlier work1 to 25 p. would shift the detonability limit

curve to higher' critical diameters, and it did as Fig. 2 shows.

The shift was such that detonation could be obtained only with

charges of d 3.81 cm. Consequently fewer D vs po curves could

be obtained. Moreover, the range of experimental densities was

reduced by the packing characteristics of the coarser AP; 0.9 g/cc

was the lowest packing density that could be prepared. Consequently,

the curves of Fig. 2 cover a lower range in po than that of the

earlier work; the scatter of -he data is also greater, probably

because of greater charge heterogeneity.

As indicated in Table 5 and Fig. 2, the very coarse AP (200 p)

could not be detonated at its pour density of 1.29 g/cc in a 7.6? cm

(3.0 in.) diameter charge. Nevertheless, a vxgorous reaction, as -

indicated by the luminosity of the smear camera trace, was initiated

and persisted over most of the length of the charge (to about 16 cm

or 2.1 diam). Such fading but vigorous reactions are typical of

AP (any particle size) and make exact determination of the limit

7
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curves very difficult. Table 4 shows a number of fading reactions

persisting in the 25 p AP to fLive diameters and more (Finer AP

shows persistence to more than 9d; see Table 7). The fact that

such reactions are of explosive proportions is indicated not only

by luminosity, but also by conductance measurements, and by their

ability to initiate high explosive witnesses. This will be de-

scribed in a later section on shock sensitivity investigations.

The NOL firing regulations require that d : 7.62 cm; at the

other end of the range, detonability requires that d z 3.81 cm.
Consequently, as Fig. 3 shows, our data can be used only for a

two-point extrapolation (D vs d-1 ) to the infinite diameter detona-

tion velocities Di. These were obtained in the range 0.90 to 1.29

g/cc and are listed in Table 6; three values, those computed from

measured velocities rather than interpolated values on the D vs p0
curves, are plotted in Fig. 3 together with the ideal curve derived

for the 10 IL AP1 . It is clear that well within the scatter of the

present results and possible error (O.l mm/iseO) of the reference

curve, the particle size of the AP has no effect on the ideal

curve, i.e., the same Di vs po relation will be obtained for AP

of any particle size, provided measurements can be carried out on

charges of sufficiently large diameter.

Comparison of Fig. 3 with the analogous curves (Fig. 9 of

Ref. 1) readily shows that at a fixed diameter and loading density,

the detonation velocity increases with decreasing particle size.

To make a more quantitative comparison, the available 5.08 cm diam

D vs p0 curves are compared in Fig. 4. (Data for the 11 p AP are

given in Table 7. This AP is slightly coarser than the 10 A AP of

Rel. 1; its limit curve lies between the two of Fig. 2 and is

closer to the lower curve.) The plots of Fig. 4 show that although

the two fine AP's are dilfficult to distinguish at low densities,

they are readily differentiated at the higher densities by their

limit behavior. They also demonstrate the existence of a critical

13
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5.0 CHARGE DIAM (CM) REF (i)

A 3.81
o 5.08
0 7.62
* pc VALUES FROM FIG. 2
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z
00
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I.OC
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FIG. 3 DETONATION BEHAVIOR OF AP, N-126 (2 51j)
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D vs critical po limit curve determined by variation in particle

size at a fixed charge diameter. This is analogous to the limit

curve Dc vs p. of Fig. 3 determined by variation in charge diameter

at fixed particle size and implies the existence of a limit curve,

particle size vs po, analogous to the limit curve d vs po of Fig. 2.

In an earlier study3 of the effect of particle size of AP on

the detonation velocity at fixed diameter of a composite explosive,

it was found that D appeared to vary linearly with the particle

size, i.e.

D = D1 - AC (1)

where DI = detonation velocity at zero particle size

A = constant > 0

a = particle diameter.

It is interesting to treat some of the present data as if (a) the

mean particle size assigned is an adequate characterization of the

material and (b) the relationship of Eq (1) is applicable. This

has been done by making a two point extrapclation of the velocities

measured on the largest diameter charges (7.62 cm) of 10 p AP1 and

of 25 g AP (Fig. 3). The resultant zero particle size Dl's are

listed in Table 8 and compared there with the corresponding Di

values. Over the po range of 1.0 to 1.2 g/cc, where the D vs po

curves are practically linear for both AP's, such extrapolated

values equal the corresponding ideal values. At po > 1.2, the

particle size extrapolation gives D1 < Di. Such may indeed be the

case, since the higher the density, the less ideal the behavior of

AP. On the other hand, for reasons discussed in Ref. 1, the

derived Di values may be too high at the higher densties.

Reaction Zone Length. Reaction Time

As in the previous work1 , the Eyring curved front theory4

19
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has been used to calculate nominal reaction zone lengths. Accord-

ing to this theory

D = D i - aD id-1  (2)

and the reaction zone length (a) is given by

a =b/Di (3)

where b is the slope of the D vs d-3 curve. Over the range of

linear D vs d-1, the reaction zone length is assuned independent

of the diameter. Moreover, this zone length is related to the

reaction time T by

a = (D (4)

where i is the average particle velocity between the leading shock

(von Neumann pressure) and the C-J plane. Measurements in organic

explosives give a variation in this region of uN = 1.25 to 1.55 uj*
1.4 uj, where the subscripts J, N refer to the C-J and von Neumann

planes, respectively. If we now approximate u 1.2 uj, Eq. (4)

becomes

a _ (D - 1.2 uj) T (5)

In Eq. (5), D and uj are functicns of the diameter; so too must T

be if a is to be independent of d. Since pressure and temperature

will vary with diameter, it is reasonable to expect that the reac-

tion time will also vary. If we now apply Eq. (5) to the infinite

diameter situation, it becomes

a 9(Di -1.2 uji) Ti (6)

*Ref. 5

21
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and wa can use the approximation from hydrodynamic theory that

Uji = Di/(k + 1)

Eq. (6) then becomes

a k ( .2 Di '11 (7)

where a, k, Di, Ti are, for a given material, functions of po only,

and a typical variation of k over the range of 1.0 to 2.0 g/cc

would be 2.5 to 3.3. If we change the material by changing its

particle size, Di and k (at a given density) will be unchanged, but

a and Ti would be expected to vary. Moreover, from Eq. (7)

al 

a2  T i 2  Po fixed. (8)

According to the grain burning theory, reaction occurs sequentially

in molecular layers and moves from the outer surface of the particle

toward the interior until the entire particle has reacted. The

time for this process would be

R R
T = and hence i (9)

i

where R is the particle radius, X the molecular diameter and K is

the specific reaction rate for a single molecule. In particular

Ki is the rate at the C-J temperature for the infinite diameter

conditions and is independent of particle size. Hence Eq. (8)

becomes

a . i = R 1(10)
a= T 12 "g' Pol ' Po2 (o
82 i2 g2 0

and the ratio of the reaction zone lengths should equal the ratio

of the reaction times (infinite diameter conditions) and the ratio

of the particle sizes.

22
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Values for the nominal reaction zone length, a, have been

given as a function of p. for the 10 p AP in Ref. 1 and in Table 6
of this report for the 25 p AP. They are plotted in Fig. 5 which
shows a continuous, smooth variation* of a with po. The zone
length, a, first decreases slightly with increasing po, and then

increases. Unfortunately, the conventional trend, decreasing a
with increasing po' occurs in the lower part of the density range

where preparation of uniform and reproducible charges is most
difficult. However, the appearance of such a trend for both APs

strengthens the possibility that it is real.

In Fig. 5, as In other functional relations, the 25 p AP

produces much the same form of curve as does the 10 p AP; it is

merely compressed into the smaller density range possible for the

larger sized material. If we now compare the ratio of the zone

lengths, we find that over the po range of 0.90 to 1.20 g/cc

a(l0 IL)/a(25 ) = 0.40 L 10%. This compares very favorably with
the particle size ratio (10/25) = 0.40 and is consistent with the

effect of particle size on reaction time as deduced from the grain-
burning theory. However, the consistent increase in the ratio with

increasing po particularly the increased gradient at p0 
= 1.26 g/cc

(see Table 9) indicates some fault in the computed values of a

or the derived values of b and Di or both.

There is another way that the ratio of reaction zone lengths,

and hence of ideal reaction times, can be considered. That is by
use of the measured failure conditions, dc and Dc . It is generally

agreed that the critical or failure diameter is that diameter for

*One value derived from smoothed D vs p0 data has been indicated

in Table 6; it has been used in place of that computed from the

raw data to obtain the 25 P curve of Fig. 5.
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which lateral rarefactions enter the reaction zone and quench

enough of the reaction so that insufficient energy is released for

self-propagation. Consequently dc will be a function of the true

reaction zone length, curvature of the detonation front, and sound

velocity (velocity of the rarefaction wave behind the front).

Dremin 6 maintains that there is a linear relation between the

reaction zone length and dc . He has shown a straight line plot

(4 points) between the experimental values for TNT. But, in general,

such a simple relationship would not be expected; it certainly does

not exist between the nominal reaction zone a and dc, as Fig. 6

illustrates.

However, if despite the fact that Eyring's assumed independence

of a and d fails near dc, i.e., the D vs d-1 curves become non-

linear as D approaches Dc, we assume that the equation

a =d 1 -- ) (11)

still holds, we can derive

a.c= dc _ 15 (12)

In regions of slowly varying Dc/Di (as po changes), ac vs dc will,

of course, appear to vary linearly.

The Wood and Kirkwood7 modification of the curved front theory

gives

z = (S/3.5) (1 - D/Di) (13)

where z is reaction zone length and S is the radius of curvature

of the reaction front. With the added assumption that at any

failure limit,
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Sc =sd

Eq. (13) becomes identical to Eq. (12) except for the constant

(S/3.5)*. Both of these equations give

Zcl = ac dcl Di2 Dil -Dcl -
ZC2 c2 2 Di1  Di2 D Dc2 (15)

f(Dil,Di2 ) U2

Moreover, by definition

Zc = (Dc c - (16)

Hence Eq. (15) can be written

Zc = adl f dc l D Dl(17)

Zc2 ac2 dic2 IT c2' cl = c 2

Data chosen from the limit curves, D vs Pc, (e.g., dashed curve

of Fi. 3) so that Dcl = Dc2 for the 10 p and 25 V AP, can be used

in Eq. (17) to determine the ratio of the critical reaction times.

These axe reaction times at Tc in contrast to those at Ti con-

sidered earlier.

Table 10 contains data taken from the small common range of

Dc on the two limit curves for 10 t and 25 t AP. The last column

shows that the ratio for the reaction times at Tc is 0.37 i 0.01,

again a good check for the ratio of the average particle sizes.

The constant S is quite commonly taken equal to 0.5 at critical

conditions.
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The curved front theory, therefore, leads to relative reaction

zone length values that give relative reaction times consistent

with the grain burning theory and an effective particle size of the

APs represented by the mean values used here. The distinction

between a and z in the two versions of the theory has been shown

because they differ in absolute value; at the critical conditions

(s 0.5), ac =7 z,.

Shock Sensitivity

All shock sensitivity measurements were carried out with the

standard gap test procedures reported in Ref. 8. Among these is

the use of a steel witness plate in the regular test and use of

an explosive witness in the extended test. An explosive witness is

used when the detonation reaction is insufficiently powerful to

punch the steel plate. Cast Comp B is most frequently used as

witness in the extended test but any explosive can be used. Table

11 shows the sensitivity values found for three typical explosive

witnesses. They were measured by both the regular and extended

test; in the latter the very sensitive explosive, cast pentolite,

was used as the witness to emphasize any difference that might be

found between endpoints with steel and explosive witnesses.

Within experimental error, the measured 5C% pressure Pg is

the same whether a steel plate or a very sensitive explosive is

used as a witness. This is true despite the fact that detonation

must be established nearer the shocked end of the acceptor cylinder

to punch the steel plate than to initiate cast pentolite because a

longer impulsive loading is required to punch the plate. However,

although the measured Pg values are the same within experimental

error for the two tests, the 5C% gaps vary from 3 to 13 cards for

the most and least sensitive material, respectively. This same

trend and these small differences will be found in some of the

later tables.
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a. Explosive but Non-detonating Reactions. Although common

organic explosives can be tested in either the extended or the

regular gap test to obtain the same well defined result, this is

not the case for granular AP. As the detonation and detonability

patterns have already shown, AP' undergoes a number of powerful
explosive reactions which are not detonations but which persist as

fading reactions for many diameters down the charge. Just as this

situation mades selection of the failure limits difficult, it also

complicates measuring the shock sensitivity. A powerful but fading

reaction can damage the witness, but the measured gap will be

irrelevant to a shock sensitivity to detonation. Consequently gap

testing of AP must be accompanied by a number of supplementary
| tests.

As a result of a few tests made some years ago, we had con-

cluded that the detonation reaction of granular AP is so weak that

the extended rather than the regular gap test must be used for this

material. The present work has shown that the earlier conclusion is

wrong, and that exploding but non-detonating AP can frequently ini-

tiate an explosive witness. Consequently all AP charges are now

first fired at zero gap in the regular test; if the plate is

punched, the 50% point is determined by the regular procedure.

Otherwise the extended test is used.

When it is suspected that damage to the witness is caused by

a powerful but fading reaction, the situation can be checked by

instrumentation of the test (probes) or by increasing the length

of the acceptor charge so that the reaction fades before it reaches

the witness. In this work, fading reactions were suspected from

the known pattern of detonation behavior, and the first check used

was doubling the acceptor length. if the longer acceptor still

produced a positive result, probes were used to follow the reaction

initiated at zero gap.
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An example of gap test results obtained without detonation is

seen in the coarse AP (200 p). This material reacted violently

but did not detonate at its pour density (where it would be most

shock sensitive) in the 7.62 cm unconfined charge. It was there-

fore suspected that the confinement of the gap test (core diam 3.65

cm) was inadequate for detonation despite the fact that positive

results were obtained in the extended gap test. This turned out

to be the case for both coarse AP and a similarly coarse ammonium

nitrate (AN) as the data of Table 12 show. It is interesting that

the fading reaction in AP at 1.29 g/cc was still sufficiently

strong, after a travel of 8.6 core diameters, to initiate the

Comp B witness.

b. Shock Sensitivity as a Function of Porosity. AP lots N-125

and N-126 were ordered from two different sources; the average par-

ticle sizes requested were 10 i' and 45 P respectively. While the

gap tests of Table 13 were carried out, the additional investigation

of particle size, described in the first section of this report,

was also made. Unfortunately, the two lots were found to be prac-

tically indistinguishable and of an average particle size of 25 P.

In agreement with this result, their measured 50 gap pressures

fall on the same P vs % TMD curve, as shown in Fig. 7. The only

information about the effect of particle size on Pg is that given

by a single test previously carried out on AP, XP-ll, (11 ii), and

that result is so close to the curve that the difference may not

be significant. However, the difference is in the direction gen-

erally reported for granular explosives: the coarser material is

more shock sensitive. The particle size effect will be further

investigated when another sample of finely ground AP can be obtained.

The data of Table 13 indicate that the regular test value

rather than the extended is preferable in gap testing AP. They

also show, plotted in Fig. 7, a typical shock sensitivity curve for

a material approaching its critical density. The lowest density

for failure is shown as the No-Go line at 83.5% TD. (The critical

33

A|



NOLTR 67-1.12

Coe~

0 4,) 0 . ;

co 11 4.) PQ 0 g
0 I ~ H Cj o :

0 ;4

:> cc 0.0- .

0

w 0

.0 W o C:

.0 0
4-' co 0o

2) 0

0 00

020

020
0 *oJ: 4

C' Co t- A

C)

0

4.)A o L C .

04O.) ~ .

0 co (' 0 C )

0'. 0oc r
(0 C: 0)0

00 x O
41)

C co w... o0 zrO

-; C; 34



NoLTR 67-112

0

0

.0

4. 44

a~ H H4

H 02

co C>H

4J 0) 02 z

0 j q0C H
02 I024.4o ) I 4)0

ho v0X 0 ) 00

02 4-~
1  

0 H 0
0) \0 04.) H

H ~ ~~~ co.4 .44 0 0

co 00 4> 4>

e2 02 0
Mo 0 '1 OH

1 .0

El t-24 02)

4421 H )4J
04 to x

co00

0 4C> 0d

4. 0 C r. 0>

02 [ 4 1 -4 0

'o- 0~ 0 a .. O X -

cm)0 I04.4.
Z C* .d 00 0

3.54 b~H0



NO LTR 67 -112

z z

III 0

0

x 9c

0

36 3



NOLTR 67-112

value lies somewhere between this and 81.9% TMD where detonation

occurred.) As the % TMD approaches the critical value, the gradi-

ent of the P vs % TMD curve increases very rapidly. In earlier

work, this steep portion of the AP curve was compared to the TNT

curve typical of organic explosives, and it was remarked that the

AP curve was characterized by a much higher gradient than that of

the H.E. Fig. 7 contains the TNT curve for another such comparison.

Here it is evident that at lower % TMD, say 70% or less, the gra-

dient of the AP curve is almost identical to that of the TNT. It

is only with the approach to the critical % T1 (not present in TNT)

that the two differ appreciably.

SUMMARY AND CONCLUSIONS

1. Study of the lots of AP used in the present work showed

that a reasonable assignment for the average particle size was 10,

11, 25 (two lots), and 200 V.

2. Detonability curves (d vs po) and the pattern of D vs po

curves showed that increasing the AP particle size from 10 to 25 P:

a. Shifted the limit curve to higher dc and lower pc"

b. Lowered the D vs po curve for any given finite

diameter.
c. Did not affect the infinite diameter values (Di vs po).

d. Demonstrated the existence of a limit curve, particle

size vs po at fixed diameter.

3. The shifts described above are so large that work at NOL

should be done on AP with an average particle size of 10 4 or less.

4. The curved front theory of diameter effect gave a ratio of

reaction times at the ideal and critical conditions equal to the
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ratio of the average Particle sizes. This is consistent with the
grain burning theory of reaction.

5. Linear extrapolation to zero particle size of the 7.62 cm
detonation velocities gave the Pi values.

6. Insufficient data were obtained to show the particle sizeeffect on shock sensitivity, but it appears to be either no change
or a decreased sensitivity with decreased particle size.
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APPENDIX

SUPPLEMENTARY DATA

Table Al contains experimental details of the conditions foreach Photographic record: flasher, film, charge length viewed and
writig speed of the camera.

Figures A-1 through A-5 are typical of the Micromerographs which
supplied the data of Table 1 in the text.

4O



DioLTR 67-112

~ 4) 000

4)4 .:HHHr-14HH N J.-401 Cu J N cnH,4 CM()0

4LC.W r. nn LCn0 0 nnnnL~L LnUr%0

.0

r4

w Cd z z z z :i a)4) a) :E E~>>>
00 0

E-4 0

N Jq0(.1CNH 4OO D t-co~-. G\ co 0 n\ H
0c 0- R.- ~r.4l TOJC M (HHHr CQ JJ

0

C4)

.0

rk.

-41



NOLTR 67-112

040

HO N.

.00

WO H

4.))

0 W

'4

00
a) C4 0. C

tot0ci 
Fq r4 H CU r-4 M N N H M M M ~ l) -10

.00

' 0

0 0 05

0 0

tod Cd U'US

43~~44 2 C)MR\jc
'0 N 0~ NC~
04'/2 ..

cnWL~C C\tL)A~U

H.................................42.



NOLTR 67 -112

...

0

0

v~ N

~33~dNVHI SS31 IHOi3M %

43



- ~ ~ ~ ~ ~ ~ ~ 7 r I~--.------ -- -

?4OLTR 67 -112

00

a 7.

0 0

'0 0 0

UU~v'I NVHI SS31 iHEOI3M % (

44



NOLTR 67- 112

n!
00

000

~fl

0

,.N

S313WIO NV~I4 SS31 1HO13M %

45



NOLTR 67-112

0 0

0

.,N

00

S313M'IG NV~i- SS31 V-gM %

466



NO LTR 67 -112

0 w

0

NN

00

C4

o Y

S33VGNV SS3 1191-

47o



.- - -- -1

UNCLASSIFIED
Security Classzficaton

DOCUMENT CONTROL DATA - R&D
1$Ht ... ~tcml 0l Mr.l, 6 ' .y ol b-ttt d 1 deln 1 9 tfl 1ulbhnee he h rrl epr l¢llIld)

I ORIGINATIN 0 ACTIVI-Y (CoI 11o,. . hor) 2. R-poRT secuRity C LA- SIICATION

U. S. Naval Ordnance Laboratory UNCLASSIFIED
White Oak, Silver Spring, Md. 20910 1" SCoAP

3 REPORT TITLE

PARTICLE SIZE EFFECT ON EXPLOSIVE BEHAVIOR OF A10IONIUM PERCHLORATE

4 DESCRIPTIVE NOTES (Typ of eopo'
1 

erd IncIu.-, del,-)

S AUTHOR(S) (Lee7 1 fiet * 101in.tl)

Donna Price, A. R. Clairmont, Jr., and I. Jaffe

6 REPORT DATE 7e .T0 to o1 1oos 7b NO F REfPS

27 September 1967 8
*. COAT AT O. GRANT NO 95 ORIRINAt0R' REpORT NU .. (S)

IIIR.O-T .O NOLT 67-112

ORD TASK 033 102 F009 06 01 -1 -b- e ,t -y 6. -1011d

d
10 AVAILAIILITY/LIMITATION NOTICES

Distribution of this document is unlimited

II SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY

Naval Ordnance Systems Command

I3 ABSTRACT

The detonation velocity and critical density of ammonium
perchlorate (AP) increased, whereas the critical diameter decreased,
with decreasing particle size. Relative reaction times varied as
the particle diameter. Ideal detonation velocities were unaffected.

The regular gap test is recommended for AP and the gradient of
its Pg vs pc curve at higher porosities is shown to be like that
of the TNT curve.

DD ",.A. 1473 UNCLAaSSTEn
Security ClassificatioR



ITWCTASSTWITD
Security Classificationt_______

LINK A LIN5K 0 LINK C
EIORS- C T - .0L9- T_

Amimonium perchiorate
Detonation Velocity
fletolability
Shock Sensitivity
Critical diameter
Critical density
Effect of particle size

INSTRUCTIONiS
tORIGINATING ACTIVITY Eniter thle name and addrs lIposed by security clasihvizo. -. gY

5 
stadad statements

of the contractor. subcontractor, grantee, Deportmenti of D,, sch as
tens activity or other organization (corporate author) issuing ()"~afe e~ses iyotitcpe fti

thY ~fi~t.,rPort from SDC'
2. REPORT SECUITY CLASSIPIC - Enter the oieFoegnrd.-m tinoftiaI 'eutt olassifction of the report. Indicate ohether (2 'Frinaouctn:ndisriaioWths
"Restticted Data" is included. Mfarhinig is to he in accord. eoth O s o utoie.
ante with approprtate secuity regulations (3) 'U S Government agencies may obtain copies of

this report docotly from SOC. Other qualttfted SOC2b ,GROUP IAutomatic dowingrading is specified In SoS 0i- 0.1r sh e Ieuet through
reoctoc 5200.10 aid Armed Force. Industrtal Manual. E nter
the group .u,r Also otto applicahle, how that optionl
natbigs haeUn used tor Group 3 and Group 4 as ato' (4) "U S nilitaro agencies may obtain copies nf this"i-d reporr directly from SOC. Other qualified users

3. REPORTTITL.E Eorer the vomplere reporr title in all shall request through
capit fltes Tttles in all ose should he unctassified
if a meanigful s 1le canoot he seleoted without vlassifica.
tins, show rlte classficatton in all capitals -s parethesta (S) 'AldsruinofhsrertIs contrnlled. Q.a.'

imediately following the title tied SOC u-r. halt ,rqutnt through
4 DESCRIPTIVE NOTE.S It appr.prireotewr the type of _______________
report. e. interism, progress, suary, annual, or final If the repon has been furnished tc ihe Office nf Ten~hlcal
Give the inclusive dates %'hen aspecific reporting period is Seruice, Deparmen of Cearce, for sale to ihe puhlic, and,-
rvoetd. cate this fact and enter ite pti.ceit know,.
5; AUTIIOR(S). Enter the aes fatbrs ssui on fl SPLLENTARV hOTt-S Use for, additional esplrna
orithe report lnme, last nam, frtname mideinta ory notes

It mifitary. show rash and brasoftof service. The name of Int
tepInci'pal authr Is en asoutw, iumeq--met. 12 SPOSSORjSG hMll ITARY ACTIVITY Ente the name of

h. REPORT D1AT! Friter the date of the repor - day. oure fothe retch and~c deo ent laotocyude -addes. -
month, neat, or month. year. If reore than onc date appears ;i o)tersac n eeomn.Icueab
on the report, use date of puhlicafin. I ABSTRACT EnteranabttaIcl giving a hrief and (actnal

7:a,0TALNUM~FR O PAGz, T, toal pge cunt summary of the document indicati:ve of the rnpnrr. ruen though
'a ~ ~ ~ ~ ~ ~ ~ ~ I TTLS tIROFPGoThtoapaecot imalor apa ~e heri the hod of tetcnclrshud follow noma pagination procdure. i e. -ee the tor It ad1itna sa e reqird ainiu TIonsieet shallmtbi' of pages -otamring informarru. he attahed

7h SUhIlfhR OF RIrfERENCES h.rer the tntal numeber of It is nighly desioble that the asrat I f vlsanfied repotsrefrrce ned in she repurs. tie rncIass..id lath paragraph of the antr-t shall end nith
S. CONTRACT OR GRANT NfUtflfFR If vprop,.ate. ener an indivation of the military secnriri classificationofu the is
the appInahl. somber of the contract or grant under whivh formatin i the paragraph represnted as ITni yn, lCt -rI
the reP.r% .as WtiYl Ther is no tIm.rarr.. on the leghof rho ahi1at 0lo
3b. I. &I 8d PROJECT NhhfIR Enter the apotiate ever the sogested lesgth is from ISOro 22 wnrs
stLitay depMosnen idestification, suh as' pr"'n !,mber
.. pott r iumb-r system nombers. task number. etc. 14 KEY SOROS Key words sore technically mreaningflu terms

9abp~~jn tar hnrt phrases that characterizea report and may he uted as
ReORIGINATODR' REPORT NtMDhtStf ) Enter the ni .. ondes entries fnr cataloging the report Key words must he

cIa. repo'rit -b" f wich the, d-pument wilt be identified seeceds that Woseu..... las aia is requited WIde.
.asd cetrled hp the Originating activity. This numb er mast fers, suh as eqaipisent motel desination, trade somemiitr
he utnique so this V.Int. pivjeit vode same geographiu foiatron may ho used as key

RhOTHIER REPORT NII~tIIRfSI It he reort has be-m words bras wil be loItowed by ainctonof teobsisat.O
assigned asp nther repoir snumhers (ettte by. she -9--sio teat The .asignment nf linbs rates, and weights is optional
We by I. ePoaro). 4-s -oser this .. ishorlf.
I0, AVAILABILITY/LIMITATION NOTICES. Eater any hom
Italias n. fu.ther disse.is.tios of the .epotr. other than ibose

UNCL~ASSIF tIED
Secuity Classificatlois


