i
S A

BREoRBRCBT AR GE3#)
WEE ¥ 7Y y—MKE K79 VREBRERRO B

HTHEXR", BREE=", HKEFME*,

HhEE*

BEBe ¥y v HN) 28ke ¥ 7 vREd LICHARKRROHENRERU20TIRE
BB E LCOEEY, MR F o U voRELEL TRENK LB, PHLEE - §F
« BB ) LIRSS E R - SRS (HVD) oERBRER - BEOREIC LD
Zkk&f%bouh#b%thﬂ6ﬁﬁ@ﬁﬁ%,ﬁﬁoﬁkasﬁbﬁﬁrﬁbfib

f\-o < D{ﬁit@ﬁ%ézﬁﬁ'fﬁ"

X o CHRREME KB L,

LA LDEEBECHERBEIMRCH LR, BEEXS L BOLBECEE, £D5HO
BRECHNY ST 50T HVD oigdc LVD (ERERE #3235, co LVD i
EEBRRAEAHVD OBRRIIRE L, FBRRORBELNBWRL, =te /)Y Vi
‘ E'é%ﬂ&ﬁ\bﬁ]l‘ohfg LVD i3 fRis »> e EERL, LVD Baoliig s 2RimL T2,

1. # %

BReFIov (hydrazmlum—monomtrate, BL
- HN) 33 hhBEa&mEchh, 20oBHRs<0
Efﬁ#.&c X5 CHARBRTWBO %7 HN K -
e K90y - BT § Vi EOBIERR KRR
5z k#ﬂbhfhb,uhbeﬁﬁomﬁKOhr
%ﬁu‘gh‘ft z,l)l)ﬂ)

“HN—k F 7 ¥ v—K" oz-‘.ﬁzﬁ% 24 7,000m/sec
20> 8,000m/sec BICRSEGIIEY b o EH LS
BEchh, BRERETLEA CORVLETCRED
22D CHD, FLRELEME L OBES, R
KroT HABE ¥ ¢ Emisks Rt d -t
T, BEEL0WENSRE LT, FRELOFE
it b B D S IIHBRABEL TH BV, HiE ¢
Ik e F3ov (e F 99 vo—Kkitsh) 091, 24%

p

ABBRCHNERFAIECHEI=ZRARICOWTD
BENEERERE LR, 2R TLL VRSO
W, IHNOgKe ¥ o v 2w 0@
HAY AT LR E LD 5,

2. HNomEs

HNBRDO L5 LTEM L,

e F 5o VABIK (90%) 380g RV A % 7 — 1200
mf R ¥ —~H—ARTEAL, KBHTHT. &KW
008 O (61%) %I LERLOOBEATS.
* OMBAROBEIST U TFIMRT S, RALE
SRR AHIACH—15T K87, 2bs %, R
LEHNEREFBLTAREL, BLlkxx/—1T
2~ 3EEMT S, =5 LCBOLhBREESRL,
BET v — 2 ~ RT3, COT 2 ATHL
hBHNOREIRFIIY 2B D,

Table 1 Properties of Hydrazinium~mononitrate and Hydrazihe—hydrate.

] Hydrazinium-nitrate Hydrazine-hydrate -
- MOLECULAR FORMULA © (NHs): - HNO, . (NHo: + HiO
. MOLECULAR WEIGHT - '95.06 . ] 50,05 °
. MELTING POINT 70.7T ‘ -40C
BOILING POINT — A . 18.5C
DENSITY 1.685 © 071,081 (at 20C)
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20C

Hh 3 REEHOBEOHEIR£0. 1% (RETFZE)
LR TCER CH%. Fig 21X BERFE o(g/cm®) %
HN@BIEW (BR%) ¥EE L LTECRLOTH
%, BiCRT X o, o—WRIRIRHEMEYRD S,
ThicihaRERL A L TRERR
# =(0.0061 0. 0003)W+ (0. 927u=0. 602)

2B ohiz, 20C COEMEROERILL04THS,
CORBAREELTETHC LI Lo TREYXRD
SHIFAMES, BOFEREHEIIC L > THE
MBESTREORENHESN D, ZOHRTRE
YRETHIHR I VEEHTCH B,

3.3 HN/HH BEEEOREBREVERRETE
HN/HH BA&HEHDO 5 5, HN 840, 60, 80%
DIMBISERE VA Y £ — 212 Lo TREER
PRE USSR, F42.214, 1.891, 1.561kenl/g %
iz, Fig. 3RTET IS RBBEHBBTECANLH U,
hi-ERGE HN BB NS5 & fJER60 KT
60

25

—
.
=3

o 0.695H

flear of corausTion ( xcat/o )
Heat of rormatton ¢ xear/e )

" 1. "
o
-

1.5

20 L] 60 8
HY concentaation (wEuswT 3)

Fig. 3 Heats of Combustion and Formation
of HN solutions with HH

¥7:, HNiIBEF55, 60, 75%DEMIZ2\WT, Sing
around Ji50ic X 53¢, 20T IcBi) 5 HEOER
C¥ BB LTz (Table3ni 37

4. HN/HHRABROBE

4.1 HN/HHERESXRROGEE SRS
HN/HH B4%E#i:, HNBE DSBRIT
B EER LRSS, CORBMEIHR - RE -
BROWHAE (BBROHNRLEOHEE) hEDRER
XoTHERTS, - TIRREBARHLKRD L SilE
U CRIB B 0 [EYHE Lic, PIE 20mm,
AX1mm, & X 120mm® HHFO—Hz2mm, FHScm
0 PMMA g%+ v FiHiF LCHESREY, a7
By 7 (50X50X25mm?) kieir T, & hicBptERL
M. COMERGOBIEEN0TIBL TS, £
Z33\ =102 DF F YAV o b (§820mm, HIE:

TRKEBEIE



1.6g/cm®) CHIRT 3, BHERH7T 7 » 7 LOBET
HE LI, TORKRI0~45% (ER) L EOBRER
CIMREET 5 = kR T,

Zh BOBETHRLER WSHHLE) konT, &
BRI B T o 2o, P55 60cm Cik&C oM
HicE- T, BAENIERITE, FEbLixbo
T HMEELske, BB 77 IDEDHIT, #
1 C= w2 2 VROWHREECH LTRELL
HEERLTH B,

" 4.2 8% (HVD) GEOERRE

HNZE#HOBBEBOBREE L Wedge 3TRo
72, Fig 4FET X5, BEL LY Lic—Ho7
=Y A EHE (F: 25mm, KT 10mm, £X:210
mm) %, —HeBHLeEE (6~10mm) © PMMA
IR RA T Wedge BEEE L, £OMNEES
5mm® PMMA #i%:# v FifiF LTRBEORB LT
%o PMMA /WA OSBRI F Y AL HREE
WYEAL, BEX¥20CKHE-THE, Fig 4 TER
ALTHB LR, RQOEMIH28DFFAFy
7 AR (PETN RS &+ 585K, 8 : 7.2km
[sec, WEE : 1.4gfem®) &7 ~RA 2~k LTHWTIE
B,

AL-Puate

"~

S

210 st

1§

LIGuID PiA pLaTe

B, 200 4 ————{ DETONATIOR

b~ 2001 p o

Lt propagation length

Fig. 4 Shematic diagram of wedge charge

B S, BREBNLETAL =Y ARk
BINBEILEECHESh S, 7A=Y A
LRl -7- Wedge ki Hrhlif & ¥ © OEEREE,

Wedge Fifi b 06> HHECORE, $hbb BRE

EhRpbh3,

BEOES IMEOBRCHLT, 2~3EEBL
THEFEOEAKE ¥ Fig. 5 wid. BMEAYES
HEBLF — 2 —ofifl 27T, Eiciiitok, A
UHkCRbR= v 2% YDACCOERESEOM
BERLTE, Ht45 X5k, BERREYEE
B2 X<, HNSOYREOBERE =t £z VI HR
BEORREEL b, 04U LOBBRRCR=tr A

Vol.41, No. 1, 1980

1"_ T T d —T T

CRITICAL THICKNESS (k)

0.1 " 1 1 1 V I
10 50 .60 70
15 concenpraTIon (helaHT )
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Table 2 Charge diameter tested for each

composition
Cor?osition' Charge diameters tested
(HN/HH, Wt%) (mm)
55/45 25 31 41*
60/40 16 20 31*
65/35 10 20 31*
75/25 10 20 31*
80/20 10 20 31"

* In case of these thick tube, numbers of me-
asuring intervals are reduced to 2 from 3 in
thin tube, in order to reduce the amount of
explosive within the shot capacity of cite.
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Table 3 Summary of the experimental results of HN solutions with HH at 20T

?}?M;%S.pr%lg P c D (¢=31) dD/éA(‘ 1/8) D. Deal.
40/60 1.1760 —_ — —_ — 7312
55/45 1.2668 2.04 7747.1 —139.5 7792.7 —_
60/40 1.2930 2.08 7893.3 —180.9 7952.1 7904
65/35 1.3248 — 8050.0 —58.9 8058.3 —
75/25 1.3870 2.18 8327.1 -27.9 8339.2 —_
80/20 1.4213 — 8473.5 -37.7 8491.9 8363

p : density (g/cc)
C : sound velocity (km/sec)

D : observed detonation velocity in PVC tube having 31mm inner diameter. (km/sec)
dD/d(1/¢) : diameter dependence of detonation velocity. (m « cm/sec)
D. : experimental ideal detonation velocity. (m/sec)

Dcal. : calculated detonation velocity, (m/sec)
HN/HHESHOIBERFFEEYZHN : 40%, 60%,
80 DRI DV TH L, BRERGHOREBHE
Ae LTRE - BHOROLE W, FH LB
¥ (Chapman-Jouguet Parameters) % Table4 iz
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Table 4 Calculated CJ-Parameters 0f HN solutions with HH

COMPOSITION HN/HH =80/20 HN/HH =60/40 HN/HH=40/60
DENSITY(20C) 1.416* 1.295 1.176

Q (keal/kg)** 996.6 790.9 524.7

D (m/sec) 8363 7904 7312

Pcs (kbar) 223.5 181.4 133.6

Tes (°K) 1647 1218 776

r 3.431 3.457 3.705

* at a super cooled state.
** Heats of Detonation.
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Fig. 7 Experimental ideal detonation velocities
and calculated velocities of HN-HH sol-
utions at 20°C. (The solution of HN/HH
=80/20 in at super cooled state,)
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Study on the detonation of liguid explosives (III)
Liquid explosives containing hydrazinium-mononitrate
‘ and hydrazine-hydrate,

by Masao KUSAKABE®, Shuzo FUJTWARA®,
Kazuo SHIINO®*, and Katsumi TANAKA®*

Both physical and explosive properties of the hydrazinium-mononitrate (HN)
solutions with hydrazine-hydrate (F-IH) were investigated at 20°C. They are density,
sound velocity, heat of formation, range of detonable compositions, critical thickness
for HVD propergation, temperature dependence of detonation velocity, diameter effect .
on detonaiion velocity, ideal detonation velocity, and LVD of the HN solutions.

The HN solutions with HH were insensitive to Impact, but powerful liquid
explosives. The HVD velocities calculated were in good accordance with experimental
ideal ones. LVD was obtained in the solutions containing more than 70% of HN
and it had different nature from that in the usual liquid explosives.

(*National Chemical Labartory for Industry, Tsukuba Research Centar, IBARAGI)
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