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Conditions and results of initiating test

In the first column, ratios after the name of specimen indicate composition of the

components.

In the fourth column, abbreviation of description is as follows.

Case A :

The tube end expands from the original outer diameter of 34 mm to a diameter of (a)
mm. The number and the length of split (s), if it is opened, are (b) and (¢) mm.
The length of specimen column, if it is remained, is (d) mm. Case B: The length of

the remained tube part is () mm.

is ().

formed, 1s (k).
the {ragment (s) recovered is ().
are (m) mm and (n) mm.

The length of the longest flap is (g) mm.
mm. The length of split, if it is opened, is (i) mm.
the specimen remains in the tube, is (j) mm.
Case C: The tube is opened at least over its length. The number of
The length and the width of the heaviest fragment

The number of flap (s) connected to the tube part

The width of the widest flap is (h)
The specimen-column length, if
The number of fragment (8), if it is

In the last column “go” means that a deformation of the tube is larger than that of

the reference tube in which an inert material is loaded.

Specimen Tempfé?'“” Initiator Observation Explosion
NaCl room temp. |detonator (No.6)| A, a-35, d-100 reference
" " " A, a-35, d-120 "
" " " A, a-35, d-100 "
LY " ({.i{cl_t)(gaéogr and A, a-41, d-105 "
r ” 1" A, a-40, d-95, b-1, ¢-5 "
" detonator and
" RDX 10g B, e-95, {-3 "
4 80 detonator B, a-34, d-105 "
|“detonator and R =
Tale 70g room temp. | RDX 2g l B, c-155, -1 "
Cotronseed oil | 196 " ’ B, e-122, -5 f ”
AN (Ammonium nitrate)| room femp. | detonator I' A, a-36, d-110 no go
" o " " A, a-36, d-40 no go
" " " A, a-36, d-70 no go
t i §
% l " ﬂen?aétg and B, e-110, {-3, i-90 go (partially)
— 24— IEAEESS



Specimen Tem{g%n)nure Initiator Observation Explosion
AN (Ammonium nitrate), room temp. %%g{méogr and B, e-110, {-3 go (p.)
i " " B, e-120, [-3. j-35 go (p.)
" 80 detonator A, a-35, d-60 no go
" " " A, a-34, d-100 no go
" " ” A, a-35, d-75 no go
" 80 f{%‘;’gaﬁ"; and | 5 e 95, f-4, h-40 go (p.)
" " " B, e-90, -5, h-30 go (p.)
" ” " B, -85, {-5, h-50 go (p.)
AN 200g liquid ca. 200 | detonator C, 1-7, m-200 go(complete)
" 185 " A, a-42 no go
" 200 " A, a4l no go
n 160g 195 " A, a-42 no go
n 160g 235 " B, e-61, -7, k-5 go (p.)
n 150g 200 dR%‘;im;"; and | B 133, f-6 go (p.)
|
|
AN-DD 1:1 160g
(Dicyandiamide) 230 detonator A no go
" 220 " A no go
" 220 " A no go
" 190 dRe]S%?a;o; and A, a-38 no go
" 200 " A, a-47, b-1, =30 no go
v 150g 160 " B, -7, e-100 go (p.)
” 185 dR%cs?aTgrgand B, e-139, {-6 no o
" 220 " B, e-140, {-5 no go
AN-DD 2:1 room temp. | detonator | A, a-37, d-110 no go
" " " | A, a-34, d-95 no go
" " " l A, a-33, d-120 no go
" " ﬁ%‘;cmé‘g and oy go (c.)
" " " B, e-140, -5, h-30 go (p.)
" " " B, e-45, -2, k-4 go (p.)
” 80 detonator A, a-42 no go
" " " A, a-40 no go
" " " A, a-37 no go
1" " dg%g{méogr and C, 1-6, m-200 go (c.)
" " " C, 1-7, m-200 go (e.)
AN-DD 4:1 room temp. | detonator A, a-34 no go
" " 1 A, a-56 no go
" " " A, a-35 no go
" " ;!{%%{naéogr and C, 1-4, m-200 go (c.)
" " " C, 1-2, m-200 go (c.)
Azgi_rﬁug?ai:n; room temp. | detonator A, a-35, d-120 no go
" 1" " A, a-35, d-110 no go

Vol, 33, No. 1, 1972 —_—25 —



Initiator

g

Specimen ’l'emg%')mure ‘ Observation Explosion
N%‘i-rngrlai::;i room temp. | detonator A, a-35, d-120 no go
—
1" 1" de ‘;‘aé"; and B, e-160, d-80, {-4 go (p.)
" ” " B, e-160, d-85, {4 go (p.)
n 160 g liquid 210 detonator C, 1-140, m-127 go (c.)
" 195 " C, 1-21, m-200 go (e.)
AN-DD 10: 1 liquid ll 170 detonator A no go
" 180 " C, 1-66, m-115 go (c.)
detonat.
A o N and | ¢ 150, m200 go (c.)
NA-SD 5.4:1 70g |
(Ammonium nitrates- | room temp. | detonator C, 1-10, m-200 go (e.)
Sawdust)
" " " C, 1-7, m-200 go (c.)
AN-SD 10:1 é5¢ room temp. | detonator B, e-25, -2, k-6, m-100 go (p.)
” " % B, e-25, -3, k-17, m-160 go (p.)
” " " B, e-82, -2, k-6 go (p.)
AN-SD 20:1 75¢ room temp. | detonator C, 1-8, m-200, n-20 go (c.)
" " " C, 1-14, m-200, n-%0 go (c.)
" " " C, 1-10, m-150, n-40 go (c.)
AN-SD 50: | room temp, | detonator B, e-88, {-1 go (p.)
" " " B, e-86, {-1, k-1, m-90, n-40 | go (p.)
" " " B, e-52, -2, k-2, m-105, n-43 go (p.)
Aﬁ—rﬁ?ego!{l{l‘ — room temp. | detonator B, e-51, -3, k-3, m-116, rt--'!~3I go (p.)
" " " C, 1-2, m-200, n-74 go (e.)
" 1" " C, 1-14, m-200, n-78 go (c.)
AN-SD 100: 1 room temp. ‘ detonator A, a-36 no go
" " | " B, e-107, f-3 go (p,)
UN 70g (Urea nitrate) | room temp. | detonator | C, 1-170, m-150 go (c.)
" " " C, 1-53, m-200 go (c.)
HzN 80 g
(Hydrazine mononi- | room temp. | detonator C, 1-352, m-110 go (e.)
trate)
Py(NI’y?'?d%ne nitrate) room temp. | detonator A, a-35 no go
" " " A, a-35, ¢-100 no go
" " " A, a-35, c-60 no go
” " g%‘;f“é‘:' el B e = go (p.)
GN (Guanidine nitrate) | room temp. | detonator A, a-40, b-1, c-53, d-60 go (p.)
" " " A, a-35, d-80 no go
" " " A, a-34, d-80 no go
" " ;i{il)c;(nator and | g 480, £-5, g-100, h-20 go (p.)

* Ammonium nitrate

which had been heated to 110 °C for an hour was used.

=i
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Temperature

Explosion

Specimen 0 Initiator Observation
GN (Guanidine nitrate) | room temp. | detonator A, a-39, d-40 no go
" " " A, a-38, d-60 no go
" " " A, a-39, d-20 no go
1" " ‘Il{%%&lati%l;; and C, 1-45, m-200, n-15 go (c.)
" " " C, 1-31, m-200, n-15 go (c.)
r 150 g liquid 250 detonator A, a-43, c-28 go (p.)
" 230 " A, a-40 no go
" 240 ” A, a-37 ‘ no go
MN 80 g . . '
(Methylamine nitrate); room temp. | detonator C, 1-84, m-200 ‘ go
DD (Dicyandiamide) room temp. | detonator A, a-35 no go
d tor and
" " Rcrl}g?a[%; o B, e-120, f-7 no go
" " " B, e-105, 4 no go
" " " B, e-80, f-4 no go
'——Propuga:hm Ist grade
OB (tempurary)
One detonator | — —Attenuation 2nd grade
e Propagation 3rd gricle
x A| One detonator | OFP X Prempanit 3 s
RDX 2g | liA Attenuation 4th grade
| One detonator OB D o T e R
RDX 10g l Propagation Sth grade
XA
—Attenuation  6th grade
7th grade

Fgi. 2 System of classification

Table 2 Summary and classification

Number of initiated case
Temperature Number or test
Specimen = - Class
iy One detonat d | One detonat
L182) One No. 6 detonator RF)%( ;gna ornan anI:f Rg}o{ni;.ooé
IN room temp. 0/3 ] 3 (partial)/3 4
1" 20 0/3 3(p)/3 4
” 180-200 '—(E-‘-’l‘ll’wﬂ 1(p)/1 £
i |
AN-DD (1: 1) 0/3 (220°-230°) 1 (p.)/3(160°-190%) | 0/2(180°-220°) 4
AN-DD (2:1) room temp. | 0/3 -w 3
" 80 0/3 2 (e)/2 3
AN-DD (4: D room temp. | 0/3 2 fey/2 3
AN(I:?EDgrEﬁﬁ : 1 room temp. | 0/3 2 (p.)/2 4
ANh'g]?d Ca:21) 195-210 | 2 (c.)/2 |
ANﬁ?u?d (10: 1 170-180 | 1 (e)/2 1 Ce)/! i
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Number of initiated case !
Temperature ~ Number of test
Soecimen Class
&) One detonator and | One detonator
| One No. 6 detonator | pyy o i and RDX 10g

AN-SD (5.4: 1) room temp. | 2 (c.)/2 . 1
AN-SD (10: 1) room temp. | 3 (p.)/3 2
AN-SD (20:1) room temp. | 3 (c.)/3 [ 1
AN-SD (50: 1) room temp. | 3 (p.)/3 2
AN-SD (50:1 1 (p.)y+2(c.

treatcd( AN* ? Bacnt e L)B_( 2 :
AN-SD (100: 1) room temp. | | (p.)/3 2
UN room temp. | 2 (c.)/2 1
HzN room temp. | 1 {c)/1 ] ] 1
PyN | room temp. | 0/3 l 2 (p)/1 ! 4
GN room temp. | 1 (p.)/3 1 (p)/1 ‘ 2
GN 80 0/3 2 (¢)/2 ‘ 3
GN ]1qu1d 230-250 1 (p)/3 2
MN room temp. | | ((, )/1 | 1
DD room temp. D/I ‘ 0/3 7

* See footnote in Table 1.

4, &= 2

4.1 HEHERERE
AEOHEIMALHETEL Ty, FHHEBEMLE
LW ~2EREHLTDH D, Yy vy
7 I FOREHIARRD X 5 gk e, #5iR 80°C @
WHFEICEFOETEHEM LA, ek Tiic Long
TrE=ULALERGLE L FHTiRRizioTn
5o ZOMBITEERTSB Lz by,
WRmCEFCREREEh T Silick s
L IERIZ L D =X — 25N 5 & ke
MRICA D BB, GROEELBEEZ KT SRIN
ThHDo

AHFEETE Mo RERY Up and Down #:* (2
XHFEL D LERBEY, Thizciddb b3z
X BIREORKE Table 2 (X {&ZKbhTW5,
Table 2 |ZiE 5 E 6 OFTFEDRL T, T
b olc. 56 MEFIELZOBREEETSH
D7D, (BI5 6 RICHY T AEED oz
O RATHENE, ZHIESBEOFBHIZE Bz,
4. 2 MWD T—42

AFEF L2 R UHFRRIC L 57 — 2 13 S0
iz, s 57 —5 2o,

(a) FWEET v E=VA

Urbanski® |z % 5 L5 L 260° ~280°C |z hnst+

R

5EBRET D FHMELNT D EEIEL 2 D iRk
L%, BAM (Bundesanstalt fiir Materialpriifung)
L3 L TEMET v E-vLAORRETRER T
i, | HIAE 8 BT, 2 B 50g RDX {fiA
T, b Tholc, Watstone® SHIPERERH
M7 ey APRBHELES LERTnA, ZhidAdk
FEBOFERL L{—HL TV,

(b) Wy 7=y

BAM® |2k 5L 8 BB cH4HE RDX 50g ©
SEHE5 5, Urbanski® (ZECIBEIEE LT 5, RER
THBMBXASICE LRSS, ekl
ZEERLTWD

(c) THERIRSE

Urbanski'® 1 8 5% ¢ IEMBREL LTn505,
AR TS TH O

d) TRBeFzvr

Urbanski'® {21 5 L7 kb ) VERED BETH 5,
Sttethacher'® {2 X 5 L F 50w LSRR TREBL
TS,

ARIEROBB T | TR L R LSRic B
B

(¢) WEEAFATI YV

Urbanski!?) 2k 3 & 8 BEF THBRL, 7—R
7 —(EATRBLAOTV S, AL LR URASR

TEAEBEE



ERLTWS,
4.3 BAHPHR
ARBOZREZ | ~ 2 g L ) BB CRRE
BB TOBREREMELZ. chbooKkifind 3 fhi
TMicBHFZ LB TELI2LLOTHS, @RS

T2V viRES TRELEBNOTHRIAS 71 &1
Lol L. BEk v ERBERIL, 2612z
Offi L D REELE, SRR BLENTEIES L
Lics RIS ORAARIS) Z#%4, MKEATH
THAELEW, zhboffiz Table 3 [Tiid. =0

Table 3 Thermochemical Data

W Heitiof |Hest'of [Hleat of  Replosion |EXplonion’
! " plosion |Explosion
Substance fS;ructt:lml -.\fl:;lr_;;:llar combustion formation !explosion temperature pressure
e r“ 8 (kml/mule)ln{kcai.f'mole)ltka/IOOg (¢ (kbar)

Ammoniun | wxx 5%

nitrate (AN) NHNOs 1 80.05 — | —88.1 38.90 265 13,0
Dicysniandi- | ’

icyaniamidi- | il 0 -

amide (D) (CN):(NH1): i 84.00 335.4 12.3
AN-DD 1:1 = = = — 19.5 658 18.6
AN-DD 2:1 = - — = 53.8 1,666 24.9
AN-DD 4:1 — —_ —_ — 81,1 2,370 29, |
AN-DD10: 1 — = — - 70. 6 2,118 21,2
Sawdust (SD)| Assumed to be CgH0; [ 162, 1 223.6 245.7 - — —_
AN-SD 5.4: | = = — - 48.6 1,508 12.8
AN-SD 10:1 = E S =, = 48.1 1,519 1.9
AN-SD 20:1 — — - - 43,3 | 1,403 12.1
AN-SD 50:1 — — - - 40.0 | 1,323 12.3
AN-SD 100: 1]  — | - s = [ 8.9 | 1,29 12.0

NH. i
Urea nitrate (m< HNO, 123. 1 144.9 | —118 9.3 | 2,713 22.3
NH:

Hydmxine NH: T 1

 rononitrate | NH. HNOs 95. 1 119.9 | —48.7 126. 1 3,471 29,3
Pyridi /N\ |

Judne L/| HNO, 142.1 637.3 | —35.0 | negative = =

™ NH:

Guanidine or

Ao IIN(.<NHn HNO, 122.1 23.8 | —63.5 80. 1 2,343 2.2
Methylamin | cH,NH, HNO, 94.1 213.0 | —83.3 | 8.8 | 2200 [ 205

* These values were determined in our laboratory. Here water in product was in liquid state,
** In these cases water is in liquid state, Equilibriun of water-gas reaction is considered.
*#* This value is caleulated from data in EXPLOSIVE SHOCKS IN AIR by G.F, Kinney

(p. 165, The McMillan Co, New York 1962)
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Table 4 Increase of Internal Energies with
Temperature. Rise Figures are given
in keal per 100 grs.

\ 80°C | 170"(4 180“01 200“0{ 230°C
AN. 2,9 10,9 | 11.3 | 12.0 ] 13.6
AN-DD (1:D)| 3.1[14.3|14.7 15.6 | 16.5
AN-DD (2:1)| 3.0|13.0]13.4 ] 14.3] 15.4
AN-DD (4:1)| 2.0|12.6]13.2 | 13.9] 15.1
AN-DD(10: 1) | 2.9 |11.5 [ 11.9 | 12.8 | 14.1
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DEGREE OF SENSITIVITY

Fig. 3 Degree of sensitivity vs. calculated
heat of explosion
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Fig. 4 Energetic schemata of initiation: (a)
The most unstable and the most dan-
gerous case because of small activation
energy and of large energy output.
(b) The large activation needs a strong
initiation by which a large amount of
energy is released. (c) The specimen
is easily initiated, however, the explo-
sion is not violent because the energy
released is small. (d) The specimen
is stable and a small amount of energy
is released even if the specimen de-
composes.
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Initiation Tests of Ammonium Nitrate, its Mixtures

and Nitrates of Organic Bases

by Yojiro Mizushima

Initiation tests of ammonium nitrate, mixtures of ammonium nitrate plus organic

materials, urea nitrate, hydrazine mononitrate, pyridine nitrate, guanidine nitrate,

methylamine nitrate and dicyandiamide were carried out in solid state and in fusied

state. The specimens of about one hundred grams were loaded in steel tubes of one

inch in diameter and were subjected to explosive shocks of a No. 6 detonator, the
same detonator plus two grams of RDX and the same detonator plus ten grams of
RDX. Corresponding to the degree of breakage of the tubes the specimens were

classified in five grades referring to the sensitivity. The grades are found to be nearly

parallel with the calculated heats of explosion.

(Seventh Div., Government Chemical Industrial Research

Institute, Hiratsuka-shi, Japan)
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