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ABSTRACT: A translation of a lecture on "The Sensitivity of Explosives”,
by Masayoshi Hiimi in Japencse is given herein. An abstract of this
lscture appeared in Chemical Abstracts, 33, W23 (1939). This sbeirect
vas taken verbatim from the Japsnese Jownal of Engineering, 16, 62 (1938).
The suthor claims to have proved the accurecy of his theoretical
formula for sensitivity of explozives. Therefmre, it seemed worthwhile

to make the complete English text of his lecture available to those
concerned vith gansitivity of explosives.
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The abgtract of Magayoshi Hiimi's locture which sppeared in Chemical
Abstracts indicuted that a fundamental contridbution to a theory of
sensitivities of explosives had been made. Therefore, a photostatic
copy of the Japanasae toxt of the lecture was obtained and has deen
translated. The assistance of Commendar R. W. McHitt, USH,in
obtaining the photostat, and in procuring translation are

8 acknovledged vith gratitude.

EDWARD L. WOODYARD
Captain, USK
Coxmander
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THE SEESITIVITY OF EXPLOSIVESS

INTRODUCTION

The eriicle on tho Sensitivity of Explosives by Masayoghi Niimd
was published in the Journal of thc Military Explosives Society 30, No.
106-111 (19365). The photostatic copy vas obtained by the Department of State.
Their Tokyo misgion found that e copy of the original journal is filed in
the Library of Tokyo iniversity. This wes tracsd through tbs Baticnal Dist
Library, wvho obtained the photostatic copy. It geems prodadle thal this ,
photostat i the only one availablo in tue United Statss and the translation !
thereo? is the only English trarslation in existence. Tbe translation follows. %

SRMARY

A formla for the sanpitivity of explosives has besn derived from
the theoraetical view of the sensitiviily of explosivos by adding physical
_and chemical interpretations to it. We discovored from this farmula that
the sensilivity of axplosives could ¢ analyzed from two factors, chemical
azd physical. 7The accuracy of the derived formula has baen proved by the _
sensitivity test mnde by droppirg a harmor on picrie asid eand on tetryl g
uder verious temperatures. Calculating fyom the test valva, the activation 3
ensrgy £ the picric xcid and tetryl vere 75 Keal/mol and 33 Keal/mol
respectively. Consequently, wo will show here that oven fcr those typical
explosive compounds the molecule itself is not necessarily unstadble.

THEORY
Derivation of the Theorstical Formula

According to the theory ¢f chanical reactions a moleculs must acquire

more energy thay a given quantity E, for its oun decomposition. Ej is the
so called activation amergy. MNcw » the energy vithin s moleculs comsists v
of the emorgy of vibration of atoms, cnergy of rotatica of the molecule snd e
enor iy of the electrous. However, in ragard to the sctivation of a solid
molecule, it is generally believed thet of these enargies the vibration
energy is the only problam, in other wurds, E, oonsists of only energy of 4
vitration of the atams within that moleculs. -4
5
g

This principles, of course, could clso bde gpprlied to explosives.
Artharmore, it is Xuom, in regard to explosives, that in order to bLring
about an explosive decamposition of a wass as a vhole, a great many -
nelghhoring molecules nust be decampored in a limited ares smntmmuw.(l)
In othor vords, when, by somo method, the energy which i3 necessary for the
dacomnosition of mewm nelohhnwrineg molsciulos 16 sawriod on & limited mass of
an explosive campound, & sufficicatly largs number of peighboring molecules

acture delivered et the Third University Assccisticn Meeting by

Magayosh!i Nitni a Nuvy Ordnsnce Lt. (Sr grads) attached to the Research
Section of ths Naval Explosive Factory. -
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are activatsd by the cooperative action created by the simultansous
dscomposition of molscules in that area and theredy an explosive
dscamposition is created. With this occurrence, ths szzsticn is propagstisd
to the entire explosive mass Yy a chain neection and the entire oass 18
explodsd. Many neighboring malecules such as described above constitute
& 50 called explosive cexnter i their mumber is represented here by n.

Bov, if the averags anargy posseased by a molscule of an explosive
at & given temperature 1s expressed by E, the average ensrgy vhich 1is
necessary for the activation of that moleculs at that temperature is

B, = E. Ccasequently, the necessary anergy to start an explosion of ihat
moss of explosive is n(E, -~ E).

When an energy A is exerted oa wn explosive tast matorial, omly 1/s
af this energy will be consumed in tha formation of &n exlosive center
in thes test uaterial. Toen, when encrgy A satisfiss the following farmula,
the explosion will occur, and vhen it does not satisfy the formula, the
explosion vill not occur,

Afe = a(G, - B)

or A e 8sn(B, - B)

(1)

In other words, formula (1) is a thecretical farmula whicn shows the
sersitivity.

A5 stated above in formula (1), the E; is created frcm the vibration
energy of stomo, ard the vidbration encrgy oif the atams is the only energy

wbich sffects the ific beat of a so0lid at ardin “ozperature. Tharefore,;
the E in fcrmula (1) can be represented by formula (2;:

E --ﬁ-[ Cvaz . (2)

In the above formuls, nAhis Avogadro's nunber, C, is the molecular
heat et ccrctizat voluro, and T is the ahsolute temrerature. Sinoce § is
knowvn and a function of tempersture, formula (1) gives the rmlation betwesn
the temporsture and sensitivity; wben the E of farmula (1) 1= veplaced by

ormuls (2), the formula (3) can be derived:

o)

A-mtsA-{;J FUN
Ao

™vo ¥actors of &mit:tvitx

Looking at formula (1), it is eviuent that the sensitivity can be
attrituted to two factars, chemical and physical. In other words, a (RA-g)
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is a chemical factor and is the necessary enersy W axnlode = megg of
explosive. Consequantly, it is peculiar to esch explasive and peculiar
in each molecule of the compoumd. Also, 8 28 a phycical factor and is
related to the ratio of the ensrgy that is consumed in the ormation of
an effective explosive center ot af the total ensrgy exsrted on the tast
material. Counsequently, it is determined by the phycical propertiss of
the tast materials, test comditioms, otc. The sensitivity of each
oxplosive, tharefore, is cheracterized by the magnitude of those two
factors, and explosives are clagsificd by their sensitivity as in Teble 1.

bkl LS. 4 o LB el

=

B 2 el o

Table )
Clasgification cof ogives Sensitivit

Semsitivity  First Type  Secons Typs  Third Tyve  Pourth Type
Chemical Factor Saall Soall Lexge g

Physical Factor Suall Large Snall large

Sensitivity Most sensitive Sensitiwve to Beverse of Most insensi-
. . h2at bdut insgnsie the gecond tive
tive 4o such kind
physicel acticmus es
shock apd frietion

gl ot o RN Ul e A oa v < e i

In discussing tho relationship detween the sensitivity of explosives,
such physical and chamical characteristics as the moleculiar structure of
the explosives, keat of formation, heat of axplosion, igrition point, and
the sciivation ensrgy must also bo taken into consideration. Also it
should be understodd that tho difference in sansitivity of tosted explosives
of the same type results fruam different tast mothods and is ~aused by physical
factors. For axample, the equivalont relation betwesn shock sensitivity snd
friction sensitivity ic expressed as o factar on both tests. While it may
be called sbock sensitivity or friecticn sensitivity, in the final analysis
it does not conoern anything but the difficulty or sase of trensmitting
mechanical energy exsrted on the test material by shock or friction to the
aPplosive as a vibration energy of the atams which coxpoee the molscules
of tha explosive.

The A in formula (1) can be dsteranined experimentally. and the walue

of E corresponding %o the tsst tempersture, can be detsrminid from formuls (2). -l
» the ectivation energy B, and an can be camputed from & set of

data odtained fram the sansitivity test carricd ocut under various tesperative

mih‘m'. ‘i'




RESTRICTED
HAVGED Baport 2,79

EXPERIMENT

A sensitivity test by hammer dropping on picric acid and tetryl
wag ocarrisd ocut at varicus temperatures.

Test Saxples

(1) Pure erystallin: picric acid with a melting point of 121.%
degress centigrads and tetryl vith a mllting point of 130.2 degrees
centigrado

(2) Test quantity

Thes: smrples were carefully weighed in a chemical balance. The
amount usod ves 0.080 grans in the first test and 0.0635 gazs in the
socobd test.

(3) Shepe, campression snd wreppirg

Quantitatively veighed picric acid or tetryl was uragped in two
ieces of tinfoil (230 by 300 millimeters weighing 6.00 A26.09 grems)
dismeters 15.5 millimeters and 9.9 millimeters far the first tast, and
mmu.smmmmma.swumumtcmmmi,m
each gample vas conpressed undexr & pressure of 25 kilogramo per square
ocontimotar, and therebdby wade into dis!s of 10 millimnters dismeter far the
Lirst test snd 3 millimoters dismetar for the second test. PBoth were af
1 millimgtar thickness.

Humer Dropping Apparatus
(1) weight of harmer: 2'.178 kilograns

(2) Apparatus for hammer 4ropping

An electramagnst wos used. Tio mechanism wag arranged so that electric
current was sent first through ths prinmsy coil vhich demagnetized the core
and let the hammer Arop by its owvn weight. In the use of this spparatus,
the consistency in ths manner aof &ropping the hammer, the most important
:mnmmmdmmuuww,mw

of ratures

For the reading of tamporatures, & platinum wire sealed thermom tor
was used in order 0 decrvase the tine lag.:

Testing Method

The material to be tosted ves pleced om a steel colunr, 12.7 millimeters
in beight and 12.7 millimnters in Ciamneter, vhich in Turn vam3 mounted on an
anvil. The hammer wvas dropped on it and the ocowrrence or abseace of an

) 1
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axplosion was observed. "
Test Basults =
. thuu.mmmmmsaws.mmmslmz. :
Pieric Acta (Teot 1) 4
(Test Weight 0.030 g - Testing Dicmeter 10 mn) ‘z
%,
Test Temperature Beight of Fall Explosion Critical Explosion -
(°c) (cn) Ratio (cm) -
47.2 22/%0 3
25-0 %08 -
k6.6 19/50 4
46.6 22/40 =
9‘5 : %ok :
k6.0 17/0 =
’ 46.0 19/40 i
37.0 §6.2 :
k5.4 15/%0 z
w-5 ~'508 &/30 hs.a '
5.8 22/40 g
sh.5 LS.%
k5.2 19/%0 £
3.6 17/40 3
&os “09
4.0 11./k0
k.6 19/50 :
7100 u‘7 x%
k4.0 13/%0
{
5
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Tedbls 3

Picric Acid (Test 2)
(Test Weight 0.0635 g - Tost Uiameter 9 mm)

Test Teperatwre uz:ggt Explosioa Critical Explosicn Point
cm

(°c) Patic {em)
5.9 18/40
19.5 52,4
12,5 £1/k0
L1.5 £0/40
21.5 §2.1
2.5 £9/50
k1.9 18/%0
2605 ~2 .2 :
m.s 22,’&0
L1.5 18/40 .
31.5 1.
k2,3 23/u0
k1.1 15/40
38.0 k1.5
bl.7 e1/h0
k1.1 13/10
4%.0 h1.bh

k1.9 2310
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39.b 15/40

Table b
3. (Test 1
{Test Wsight O. g ~ Test Dimvetor 10 mm)
Test Toxperature anight Explosion Critical Paint
) () Ratio o
| uh b 23/%0
" 22 43.65
- 434 19/50
‘ 3.4 22/40 "
27 9 ]

h2.% 18/h0
| %3.0 22/40 o 1 |
: 3R 5

2.0 18/40 ‘
| 42,2 2140 . é
: 37 1.7

41.2 19/40 3

’ ‘ h2.h 23/50 ¥

| 2 51.65
; . bl.h 19/%0

51.8 24/h0
| h? uoo
; 40.8 19/%0

0.4 21/40
i

|
%
3
|
i
!
|
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|
; Table 5 3
1 (Test 2) -
(Test Weight 0.0535 g - Test Dismeter 9 om) .
Test Temperstuwre  Baight Explocion  Criticsl Explosicn Point !
(°c) (en) Ratio (cm)
39.15 13/40
| 22 39.7
| 39.95 23/n0
§ .15 12/
i 28 * fuo 38.8 i
! 39.15 25/u0 :
! " 38.35 19/50 i i
: 38.95 23/h0 4
| 37.75 19/4%0 j
ho 37.85 3
3B8.75 25/%0 :
.
3

36.55 18/%0
37.15 24/50

| ' s 37.15 19/%0 s
| . ' 8.75 25/40

T TRy S AP ySoTpEsr ye-yor v PICWEDRES Y, AVERRTTR S p L 1) TP
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FIRST TEST

JECOND TEST

1
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— « TEST TEMPERATURE
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CALCULATIONS

The valus of A at various teamperstures wvas determined by this
exporimént. In order to use formula (1), it is nscessary to imow the
cwewkmichmmtmmmot mleculaattgim
tenperature. Now, the test veluss of the specific hutom‘picru?cfd
anl of ia3iTyl whisk newe haen determined by Tuylor and Rinienback (3)
are listed in ite first and second colirms of Tables 6 and 7.

The following formula is darived from Einstein's theoretical
foarmis for atonic heat of solids esc a test foarizila vhich shows the

L~ ®)

In tais formuile, K and @ constants. In farmula (b), vhen
x 10°12 and © = 510 in the case of picric

acid and K » 1.20 & 10712 sl S = 27C 1o 4k 2228 o2 tatwv) | R avwnara
o,

Tedbls 6
Specific Heat and Heat Cspecity of Picyric Acid
e e g iemat,
~182.8 6.0 0.176 3.2 31.9
-182.8 19.0 0.182 36.7 37.0
-182.8 98.1° 0.210 59.0 59.8

-i&~8 ]2.1.5 00219 “06 “01

y Mﬂ;!& ]
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Table 7
Specific Hest and Heav Capacity of Tetryl
Tecperature Range Zagt Capacity (cal/g)

Syeraee Specific

(oc) Heat Test Value  Computed Valus
-182.0 0 0.188 3.k 3.3
-182.8 22.5 0.191 39.2 39.2
-182.8 97 0.200 56.0 55.8

A and E at various temperatures ere thus determined and are shown
sn the third and fourth colums of Tables 8 through 11.

Tabls 8
Picric Acid (Test 1)

Test Critical A E E
Tepgrators  Pelling Beignt  (era)  (erwmalocls) (era/aclecule)

25.0 3.8 9.99x107  §.20m10713 2,20  5.09x072

32.5 46.4 9.90 6.52 " =

37.0 46.2 9.86 6.7 n n

46.5 5.8 9.78 7.2k " "

54.5 45.% 9.69 7.50 " o

62.5 4.9 9.58 7.87 " "

7.0 k.7 9.54 8.25 " "

e i

e R

e b § 40
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Table 9
Ficric Acid (Test 2)
Tost Critical A E E i
Teggrsoe  Fuling Beign  (ws)  (ersfolecus)  w (erg/milecula)’
19.5 X2.4 9.05x107  s.95m0722  Lzmaaot?  s.2sm072
21.5 2.1 8.99 6.k0 " 2
26.5 k2,2 9.01 6.26 o "
3.5 k1.8 8.92 6.48 n "
38.0 .5 8.86 6.76 " 9
.0 ¥1.b 8.84 7.03 " " :
s |
1 (Test 1 i
-
m;%um mgg f{:"@t atg)  (ergfoolemia): ' - (erediecids );
22 83.65 9.32107 B0 5200 2.63a0™2 |
27 2.9 9.16 8.6 " " |
2 b2.5 9.07 8.85 - -
37 b1.7 8.90 9.06 . " |
k2 81.65 8.89 9.29 " "
47 81.0 8.75 9.50 "
52 %0.2 8.59 9.7 " "
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| Table 11 '
: Tetryl (Test 2)
| ' -ﬁ%ci;m mg%;?im (erg)  (ergoclecits)  sn (ers/aolecula)
| ’ = 9.7 8.18x107  8.41x1073  k.65x1017 2.66x10712
| 28 38.8 8.27 8.67 " "
k 3N 38.5 8.21 8.9 " "
| 40 37.85 8.08 9.20 o n
k6.5 37.25 7.95 9.48 " " F
| 52 36.75 7.64 5. 72 " "
: Plotting the values of Tables 8 through 11, for AA~E, a straight |

. 1line results as is shovm in Figures 3 and 4. Consequently, the cslculated !
results from formula (1) are listed in ths f£ifth end sixth columrs of
Tables 8 through 1l1. In other vords, in case of picric acid,
5.1x10-12 ergs per molecule or 74 Keal/mol vas obtainsd from Test 1 ss the
sctivation energy. Also, sn is 1dontical within the test tesmperature range {
mmulma.ahxlobmnsez;w;. 1.551019, i

Incuoottetry}éz.&lo‘wcmpcrmhcmar%m/mlu
the Test 1 and 2.7x10-12 ergs per moleculs cr 38 Keal/mol for the Test 2
vere odlained for the activation energy. Also, within that rangs of test
temperature, sn is constant and is 5.2x1019 for Test 1 and k.6x1019 for

Test 2.

EXAMIRATION OF THE TEST RESULTS

et b N o . .

The activation energies of picric acid and tetryl which were
cbtained from Test 1 end Test 2 (conducted undar different experimental
conditions) are equal within the rangs of experimsntal error and are
TS Kcal/mol and 38 kecal/mol respectively. In other words, the smount of
the activation ensrgy of picric acid and tetryl, which are typical explosive
sorpounds , is the seme as such non-explosive campounds as saturated hydro-
carbons. This proves that ths molecules of toe explosive caxpounds are
ot necoscarily unstable and the reascn that sxplosives as a system (nass)
are thought to be unstable is simply becauses when a limited volume of an

§ R S (Y PreT AR TR MR Wy () preay e S E0 A TEET O

ot oy
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PICRIC ACID :
| :
10.5%10"7 :
! 3
| -
JEST 1) :
|
i
A
) i
(ERG) (TEST 2) 5
[} _
a.% '3
5.5 X10° 'S 9.0% \O~
E (ERG/MO\.ECULE)
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TETRYL
7
10.0X10
N (TEST D
A
ERG)
A (TEST 2)
1.5
a.0x\0"'3

€ (Ere/MoLECULE)
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explcaive naBs starts t0 explods, the eutire mags explodes. This action
securs hesause, vhen the limited voluae explodss, the relsased ensxrgy

is grest enough to activate large mmbeirs of nuighboring molscules. This
Tect coxrrects the ariginal idee that the molsculss of explosives are
especially unstabls.

Also, in rogexd to sn the fact that tle ssme results are obtained
fram Test 1 and Test 2 of picric acid and of tetryl proves that s, tahe
physical factor, ip constant since n is constaat in those tests.

This is as cin be axpected since test conditions are alwvays tUw
sans except the physical characteristics of the tested mater and the
terperatwe. Al the fact that the an is sxall in Test 2, vhare the
dismeters of tiw tested materisls wvere smaller campared to Test 1,
definitely coinecides with the results expectesd from the above theary.

By the results of these tests, the accuresy of the criculated
theorstical formue for sensitivity has besn proved.

gl T

e
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