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Table 1 Specification of detonators used for this study and the heat

of explosion generated by detonators

Type of detonators I 1 o
shell Fe (Cu planting) | Fe (Cu planting)| Fe (Cu planting)
fuse head DDNP (4mg) DDNP (4 mg) DDNP (4mg)
initiator DDNP (0.2g) DDNP (0.2g) DDNP (0.2g)
base charge pentolite/KCIO*| pentolite/KCIO, | talcous powder
Specification loading pressure of initiator 60 200 200
kg/detonator '
loading density of initiator .
g/cc 0.85 1.18 1418
1 (cal/detonator) 742.7 163.9 140.9
2 704.3 159.2 117.8
Run No. 3 763.2 153.7 187.0
X 736.7 158.9 148.6
R 59.0 10.2 69, 2
Note completely incompletely detonated
detonated pletely detonate

* peotolite/KCIO,(100/10)0.4 g

7t

Table 1 IRV HIR, BUROEERUER
ENREROETE M—ic L, RBEO ENED %
200kg/4& & LT, $4BEicHtfic L= DT HY,
BRI, KERL 2L 27 CEEH L, REBER, F
B, 200kg/A DENTEMUCTHIBE 2D BT
b DOTHSH, BTN, HBOMEIL, FIHT736.7
cal/Z, $4B0OW4A, 1i2158.9cal/A, IMix148. 6eal
/A Ch~1z, DDNP OiFANCO iz, LUEIR
FLiBhc, BWREBE IINEDIR/cm?) 2, 0.85
OB 3200m/s, 1.18DBIL, 900m/s TH Y, (B
900m/s E\5DiL, IhLuvahd Lhfev, BT,
EEEBHE S 2 21T3,)

SHROME, RN 3200ms TH B HEERELIL
HERBL, -7, BBMRLIKREVD, $BoH
fiX, BENET L, BRENSET LT, EiHo
BRAEBESN (7~8kbar)® LITF &ipBid, K
FeRBToo L CEY, WMLVt
B, ¥fo, DEMBHMBLTARADE, BiMREALE
bbbl Enb, TTIRERENBIG LTV
CEHED TN EHLOIS,

BEBMEOMS (DB LOM), Wi+~ ML
®ih s L, RPASRROEGEIhL, 252D
L7 Eixbd bicyat, DDNP oXbittns, &
3\id, DDNP G RMARFF Db ettt Db 5
HRLYER LI LOEHEEZ RS,

3. HMBHEXOWRN

3.1 2ROBaD DDNP O4mFEXORE

ii&x®, DDNP (C,H,NOy) o RABKX & L
TRAZWRL TS,

CoH N, Os—H;0 +4CO +2C +2Ngeveerresreen 0]

L, B LRI RIS LOTE
e LTv3,

e, BH, KE™2, bv=tbebarxzy (UF
TNT EBE§32), 7 b U A (BAF Tet & Biic) Silen sk
P HERTERTBROSRITARNLETSHE,
CO o THOMENERINRL-L LT, 2HH
BRIC p(CO+C-2C0) OXiwftimL, BHE & B
ORFMUOBIF A ROIEEW, BEWPIT 58 MK
v, BBAEHMN, REC—HTHE LT3,

FoC, cOHEILLY, 4=0.85 Ok & ORFE
D=3200m/s 125 5 Rz B LUURMRHERY e
T3,

CeH,;N,0;—H,0+4CO+ 2N, +2C
+5(C0,+C —_ 2C0) ......... (3)
ki kb, 855 820cal/g® & LT, KM,
KEECHFELLBEO § LB L OBYf% Table2
iR, Table2mb, A= 20882, [t d LR
e~ THOTC, fj=2&T5L, RA%L{MS,
CoHaN,O;—H,0+4C +2C0; + 2Ny rovveesens (4)

EXimx b, @R L WU T5E, 254.Tkeal/
mol(=247. 4cal/DDNP0.204 g) L7c%, = @ R
iz, #fopc, REROBEMIRE ALY
4, Table 1 iRTHMAE £ < —FT 5.
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Table 2 Relations between 8 and detonation velocity

B 0 1 2
N x10-12 2.007 1.720 1. 432
@ 4.49 5.57 7.08
0 x10°3 2.757 3.433 4,380
Q+ g(eal/g) 911.4 917.4 928.2
§ 0.242 0. 208 0.175
D(m/s) 4500 4000 3350 .

B : constant, N: number of molecules per unit mass, ¢ : 25/kT, where g;=the energy due to
internal degrees of freedom of a molecule, k=Boltzmann’s constant,

¢ — 0 /T =3.4-2000/T for H,
=3.9-2300/T for N,
=3.9-2100/T for CO
=8.0-6300/T for H,O
=9, 8-5500/T for CO,

3.2 FBREOSBAROER

Ry e b (WUF PETN L88i) BRU TNT o
amARRE L, EA, KER? AREMWRL T
%

PETN : C(CH,ONO,),—2N,+4H,0+3CO,

TNT : CqH;CH,;(NO3);s—1. 5Ng+2. 5H;0
+3.5CO+3.5C ceu0ens (6

EXENAR LT, CO OfETHL HHL, 3.1
LRRIZ LT MGTBRE RET 5, HUIED H
iz, ~v 54 1+(50/50) : KClO,=100:10 ‘TH %M
B, 2RITBRLRORET 5,

aC(CH;ONO;),+ bCiH;CH(NO),+cKCIO,

—dKCl+eHyO+fN;+gCO+hC
+B(CO;+C—2C0)

WAk ©iz, PETN : TNT : KCIO,=0. 455:0. 455
10,09 (TEL) 2206, COHEL G, a=1.00, b=
1.39, ¢=0.45 £ i %, ¥, BEBFEOENH
B, d=0.45, e=7.48, f=4.09, g=14.73, h=0.03
Lhd,

O, 4=1.4 LWETHIOT, 3.1 TD
~pEEe X d, f=3 XYRATS ERRL 5,

C(CH,ONO;)+1. 39CH,CH;(NO;),
+0. 45KC10,—0. 45KCl +7. 48H,0
+4.09N;+8.73CO+3C0; +3.03C --eveeee 7

ERC XD, MBALNY HIT5 L, 804,04Kcal/
mol(==463. 2cel/{KiLIK 0.4g=1158cal/g) & ¥z 3,
—%, {BRSETNE, 4=1.40 & &, P=155000bar,
T=3151C, D=6640m/s X123,

XKiz», Eyring @ Curved Front Theory 1=
X D BENOFRHRORAKMEE Dym/s RRATH2

Vel.36, No.$, 1976

2 : molecular constant of i~th species, ¢: ¢g=iN@ /2
Q : heat released by the reaction per gram of explosives,

2 § =(N/VH{N2/(Q+))”

bhbE L,
Dy=Dy[Yy+ /m] ..................... (8)

= ZC, D;; BAMBAL a BICHOWM, b B
(HBEAEED DTV ANE, 0.1, §vB41%, 0.5)
R; RYFEDEETHS,

4=1.620% &, ¥R 3lmm L LT, ¥ CHFPAT
BELYWETHL, T80m/fs TH B, zOLE, D
i3, EAAFEIZL D, 8000m/s THB, “hnb,
ky=0.45 L LT, a; #RDBE, a;=0.8mm TH
3, XA®IZ X3 &, TNT, PETN, &} ) A OKG
#ofiz, Th¥h 1.6mm, 0.7mm, 1.0mm TH
b, FrIAEv} 51 OBBREBEEBILTW
3DT4, ag=1mm, k;=0. 2, R= 3mm, D;=6640m /s
ET3L, @QFRND, Dy=6200m/s LB, VT
1+ RRBBES % Tkbar® & T3 L, BAR
BEROLE, ERHOMEL, Vo=1/1.44, %1
Roth DM b2 HEY 4 a=0.472 L LT, BT
E W& PoBifsnn, 1880m/s hobhts & &
Bbhd, XA ST, ¥k 9.7mm T O IF %
RKdnk, 6160m/s L5, BI|EL R TILE
FEOMHL, 1880m/s LA EDIBRMN MR IS 0 T
DDNP 258 LA, REROMMIZER 9. 7mm
Tk, EABRAKBEGRTIL0LHEL NS,

BLEDZ b, RIRBEEROHMHBRELT
RLECHIEELOGRD,

3.3 Anmi

FHEBEOBRAML, ChITONUSELD,
kKOS,

(BAERUVREBEROBRHD + (BUROH

RBE) =247. 44 463. 2=710. 6 cal/Z- 1+ ereere 9)

EROFARR, 710.6cal/Kix, JIPIH 736.7/4K
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LI —ET3.

B DRI OV THHODPELH DM, &
hitk 5L 6 BORKTIE GIR 1.0g, ATH) T
524cal/A, 65D Tet/TROBAME (Tet 0.45+
DR/KCIO; 0.4g, YAFHE) T 1032cal/k (air )
EHoh, BEOMPLBEONFLRNELB0T,
HigDBETIT e BigL .

BEo#EG e LT, TH &2, (a) kK

(DDNP) 0.1g, #3¥: % (PETN/KCIO,, 80/20)
0.5g DEFITDWT 1001, 5cal/A (SH5IfH 867 cal/
#), (&R (DDNP)0.2g, HkH (Tet/KCIO,,
93/7) 0.4g DE IZOWT 8l4cal/A (GHFI{H 600
cal/4), X(c) &28% (DDNP)0.2g, #HIEFE (~v
F 54 + 50/50+KCIO,, 100/10) 0.4g OHE 1=
T 763.5cal/Z& (REI%{H 595cal/ k) L4 LT
5,

LEDS S, (©) OB, Afso IBET (%
B tACLoLERIhDY, FORPMEIRET
DX HTHED, BIBEHLTV3,

4. DDNP Hgigéi-A B0 HRFRHOH

i

DDNP 528 L34 (Toble1 oRE1). D=
3200m/s, Q=820cal/g"CH5., —F. FiBOHAE
GR% M) iz, D=900m/s, Q=728cal/g(=148.6
cal/0.204g) TH D, MELHE LTABE, B
i3, FBoOHE, THBROBED BR KEHLT 5
M, Bk, EBOBED 89% LBESHTVWAL
EAbnd. BEOETFRE SV, FIGERETL
T, RS EYTEELOAING, LEi0BK
12, BRADILEL LOTE, RUIVRAEL VS
ERIED, —ENT, BRI, RRMO1/BLTER
hTWwa®, 2% ), $BoWHEK, LRoRTLSE
OENFEEZhB0IL, BEROERGNLH0TILE
L EXGH, ¥BOBE, B8 (BREvLRH
LAY Lhle) EBENRFELTVIEHET
3k, COBRYI(BUITESIRNTH S,

ATFix™®, DDNP/Tet ORRMEFIZOVT RIEHE
OREY HIEE~OEBERE, BIBROME) HHL
RoBE~0EBRY%Y XL, DDNP o859
CAPERUSS D D, & OFIENWIREE, HBck,
TREBELTWS,

¥, SEOBRMARNEOEL *oMBLLT, ¥
it oz, DDNP oXRFES i RIGDkd, Rt
BOBIPEABER LI &3, BiZoR:EmOTH
%,

2> T, #iR60c, DDNP olMaY a(<1)
L. DDNP oa SHEHBL, BbD (1—a) 8N
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BEET5b0LEEL, Wit
CeHgN, 05— (1 — a)CeH,N,0s + aHyO + 4aC
+2aC0O;542alNg «cooerverienrmcsiainnnninnnnnin, {16}
ot EPBREMAERTL
(1 —a)CH;N Oy + (1 — @)0y—(1— a)H,0
+2(1 ~ a)Ng+ 61— a)CO-erreeerererersssnonnn i
0o TRBERMM T T B LD LT TS, Ol
A, RISMREICIR KO 5,
CeHyN,Os + (1 — ) Oy~a(H;0+4C+2CO;
4 2N3p) + (1 —a)(HyO 4 2N, + 6CO)-- 42
TDRILX b, a & DDNP o & o Bk
PEE, KFEBECIOVHNC L s TRDBL-ER %
Table 3 IZ7+, RIBRMo 900m/s 15 Hid,
BRERATmOLOTH D, FHMIKIE, 5P LE
boL#ELBNDEING, Tabled 16 a=0.2 LT3
& DDNP 2B ip » S OFHMHABRE LT,

KX x5,
CeH;NOs+0.80,—H,0+2N,;+0.8C
40.4C0+4.8CO wrerererrmusesvessensvnnnne 43

X, RXOREHMY, thth, @, @ L35
&, @, =11.3cal/DDNPO.204g, Q; = 174.9 cal/
DDNP0.204g TH 505, Q+@1=186.2cal/k &
7> THREHL & { —F+ 5,

5. ARBEOHHE

@), (1, 138, FHROFH/ITERL LTRY LS
E26h307T, ThHITRS T, BREELHTT
%o

Bs4: 4%, Tabled i,

5.1 SZARFOKS

Tabled L by, HEOHAHEKOC LT, BRH
& UTHREM 736. 7 cal /& VT IBSEREE %0t
T3 kotcins,

H,0 : (13.2-9600/7") x0. 005281 =0. 0697
—50.70/T

Table 3 Relations between a and D of the
incomplete-detonated detonators

a 0.1 0.2 0.3

heat of explosion

(cal/detonator) 199.9 |186.2 |177.1
Q(cal/g) 15.7 65.2 | 117.9
Nx10-2 1.43 2.87 4.30

" 7.08| 7.08{ 4.16
0 x10°3 4.38 4.38 .7
Q+q(cal/g) 26.04| 75.9 144
& 0.037] 0.0660 0.093
D(m/s) 360 700 | 1200
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Table 4 Amounts of reaction products (mole)

Type of detonator 1 o, I
H,0 i 0,005281 | 0.0009714
C 0. 005634 0. 0007771
CO, 0. 003672 0. 0003886
N, 0. 004302 0. 0019428
Cco 0. 00503 0. 0046627
KCl 0. 00026 --

C : (6.87—1695/T") x 0. 005634 =0. 0387
-14.17/T
CO, : (12.75—3860/7") % 0. 003672=0. 0468
-14.17/T
N, : (6.58—1372/T) x0.004302=0. 0283
—-5.90/T
CO : (6.62—1350/T) x0. 00503 =0, 0333
-6.79/T
KClI : (13.05—2050/7") x0. 00026==0. 0034
—0.53/T ‘
~ ZnC=0.2202-87.64/T)=1736.7
T(0. 2202—87. 64/ T') =736.7
T=3743.6°K :3470C

BEOBRBRESVCHEIR, BEOBIBIZL
> TERO—IILREET 50, FHhORERER, &
WROBBEE X v EVv-0T, BEOBREBER. &
HROBBRELEL D LNTES, ¥, Foxo
FFMfL AN L, PETN(I=1.63) T 4200°K, Tet
(4=1.62) ‘T 3350~3650°K k LC\+3,

61, EHEOBEREYRNTSL, EHL"
DHETIE, 4=1.6~1.0 ofjfCix, PETN iR
RIBERIZ, 3300~4100°K, Tet i3, 2400~3200°K,
TNT 2. 2200~2800°K CH %,

Tibhb, BEOBREBER, HEEREMICL TR
fean, BE%EAT5L, 2000~4000°K IEF L

FERBT b, kiR H0T offiz, BEOMR

Bae L LTk, —GRuUAMEERLDRS,
5.2 HAMETONS
Tobled iz X v, 5.1 XA LT IBRBEY 45
T3
H,0 : (13.2-9650/T") x0.009714=0. 0128
-9.33/T
N, : (6.58—1372/T) x0.0019428=0.128
-2.67/T
C : (6.87-—1695/7)x0. 0007771 =0. 0053
—-1.32/T
CO4(12.75—3860/7") % 0. 0003886 =0. 0050

Vo). 35, No. 5, 1976

-1.50/T
CO : (6.62—1350/T") x0. 0046627 =0. 0309
—6.29/T
InC=0.0668—-21.11/T
ERIZ2 ), REBRASR (Table1) 12k » T,
Y BRROBBRELHATIE
148. 6 cal DiyS : T=2540°K =2267C
158.9cal DUYA 1 T=2695°K = 24227
13-
A EOBRBEDIT R Y, Sclola LitiT
By, ¥ L, Tables i,

Table 5 Explosion characteristics of

detonators
Type of detonators I I 114
loading density of
DDNP (g/u)y 0.85 1.1&! 1.18
equation of
decomposition 4, 0 03 03
Dm(s) of  obd. 3200 900 900
cal. 3350 700, 700
heat of obd.
explosion 736.7 158.9] 148.6
(cal/detonator) cal. 710.6 186. 2 186. 2
explosion
temperature (C) 3470 24 2267
(calculated)
Note completely |incompletely
detonntet{ detonated

BARIZ X D, BEOBREEIL, RHBEOHFIEBD
BAITHAT, 1000~1200T #5\ o EMdomB,

6. % ®

41I2D~jz DDNP 2@ fp o 1RF DB BIZDL
THEHKT 2,

Fig.2 LT, ABEELLTEME, B8 L L
DDNP %/RLT\V 5, ke, FlERFKLT
b, MEERE, HRENELOT, BORIER,
LB OAMOHEREL, #oT, AERKMCEEE
NRFHoT, RICHENET L, Fig.2 oific,
BWEBEENRTTUTHA 5, TOVULL-T1DD
BAMNRBZNh, Fodbée, AL{RLI DDNP
PBRFEL T DTIREV1EELBRS,

MEOIRY, 4 RK25AROET 2B L, B
HERRMNIERIZR 2 d0E LIz, Thidot ¢
7 I R AT, TORTEFATIREL S
IR LMD IE L TV 30 TIREVL D EERX BA
3. CORBEFEZBLE, 4 TONERE, BEOKT
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Fig. 2 Phenomenon of incomplete detonation
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Study on the explosion temperatures of detonators

by R.Murakado*, B.Kiuchi** and K. Yokoyama***

In this report, the heats of explosion of complete-detonated detonators and incom
plete-detonated detonators were measured using adiabatic calorimeter.

The equations of decomposition of initiator and base charge were derived so that
the calculated value of detonation velocityies and heats of explosion might be nearly

equal to the observed one.

Based on the above equations of decomposition, the explosion temperatures of

— 248 —
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complete-detonated detonators and incomplete-detonated detonators were calculated.

Following results were obtained.

(1) The explosion temperature of complete-detonated detonators I, incomplete-
detonated detonators II, and Il amounted to 3470 2422 and 2267 °C, respectively.

(2) When DDNP was incompletely detonated, the model which detonation and
combustion (or deflagration) were coexistant could well explain the phenomenon of

incomplete detonation.

(*Hokkaido Kozan Hoan center, **Hokuyokayaku CO. Ltd., ***Nipponkayaku CO.

Lud.,)

IREGEL IRECO #® [Fkitéd ANFO|
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WA TES. + 5 » 27 LRERBEILICARS
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RN TR BAYEDD D, MBS, BE
&&Mmﬁht\: Do

NCN 84048850 IREGEL i1 ¢ U — ST
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KEOHBMHEIC >N T CIL iz Lk
MRIPE Alberta [THIT I &CX
STRRLEIELTND,

B, @A F FREBCTREEORE R Lk
VO Ko TEL, — MR LES
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3o
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Carseland CEBELADENLTH S,

CIL 2Hi2LA0d R EEIGROYRYHLE LT &

Tuwah, &2 CHHEOKIEOBKRAT 55E
TIALE LV EBS T3,

Canadian Mining Journal June 1976 (&)

FHEIZILTNORERVBRRESICH
TIRMHOEE

Friz=va (lp) XDz CMC% 3%

ARTY AL LABER L L d O%FIRER 0.5~

0.6 (1.0~1.1g/em®) ¢ RQWh C=2 v A

Bk Y URARE~100atm TRITZ R, BB

BROTEYCH B,

1L AAKEIR AR 32mm CHo7ON Y — &
0.04% %mx5% 15mm, 7 4 {bkv 3% ¢
Smm PP THRMEHY 6% 1% STmm &
Hx+s,.

2. 383 : 20atm 1236\ T 0.13g/cm® D oDt
7 9itF Y v 4 1% Hine 0.24g/cm® 1z,
100atm T 0.26g/em® CdH - =z O HR 0.4g/cm?
M Ehb, 7 5{E71 3 20 ARRPPRLE
<Y

3. ML : WHE 0.45~0.55g/cm?® CIREE T¥ B
ERYUER 50 ChHooniEmFt it 5 &
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