
UNCLASSIFIED 

412607 

DEFENSE DOCUMENTATION CENlth 
EOh 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STA i ,0N. ALEXANDRIA. VIRGINIA 

UNCLASSIFIED 



NOTICE: When govemaent or other drawings, S|. > - 
flcatlons or other data are used for any purpose 
other than In connection with a definitely related 
government procurement opere'._n, the U. S. 
Government thereby Incurs no responsibility, nor any 
obligation whatsoever; and the fact that tne Govern¬ 
ment may have formulated, furnished, or in any way 
supplied the csld drawings, specifications, or other 
data Is not to be regarded by implication or other¬ 
wise as in any nnnner licensing the holder or any 
other person or 'orporation, or conveying any rights 
or p<^rr', eel'vi to 'manufacture, use or sell any 
pointed Invention that, may lu any way be related 
thereto. 



O



SENSITIVI1Ï CHARAClERISTICS OF LIQUID 

EXPLOSIVE SYSTEMS 

Progress Report No. 6 
April 1, 1963 to June 30, H&3 

Prepared for: 

Bureau of Naval Weapons 
U. S. Department of the Nav. 

Contract No. IPR 19-63-8029-WEPa 

bv 

Charles M. Mason 
John Rlbovich 

Approved by 

Robert W. Van Dolah 
Research Director 
Explosives Research Center 

United States 
Department of the Interior 

Bureau of Mines 
Pittsburgh, Pennsylvania 

July 1963 



SENSITIVITY CHARACTERISTICS OF LIQUID 
EXPLOSIVE SYSTEMS 

Progress Repi : Ko. A 

INTRODUCTION 

This Is the sixth report descrlfc .ng ^..perimeuLsi results 

obtained In the research progrr.ir established to evaluate the safety 

hazard associated with hlgh-cnergy liquid explosiver,. The program 

is sponsored by the Bureau of Naval Weapons, U. S. Department of the 

Navy. 

Studies contint d on the determination ciw evaluation of 

the shock sensitivity of liquid explosives. Recent work in this 

area, from Ihis laboratory on this proje^w, ue^onstrated that con¬ 

tainer material and physical dimensions are decisive factors in 

affecting the results obtained In gap testing. The observation that 

relatively sensitive liquid explosives may, depending on the applied 

shock strength, .c^dlly detonate either high or low order under tu« 

conditions of gap testing, served as the basis for a» extensive exam¬ 

ination of the variables affecting Initiation. Threat oi.' ,ap values 

were derermined for the difference between high and !•>» erder detona¬ 

tion in the nitroglycerin-ethyleneglycol dlnltrate (NI ¿GDN) system.—^ 

EX PERCENTAL RFSULTS 

NG-EGDN 

Shock sensitivity studies were continued on 50-50 NG-EGDN 
2/ 

with a modified card gap arrangement“ (Figure 1) in lead, copper, 

iy In previous reports we have used the term "low velocity reaction" 
to replace the Indefinite term "low order detonation," and we shall 
continue to use this tenu to describe results where the detonation 
rate Is of the order of 1.5 to 2.0 mm/(isec and damage tc the con¬ 
tainer Is restricted to large fragments. 

2/ Mason, C. M., and J. Rlbovlch. Sensitivity Characteristics of 
Liquid Explosive Systems. Bureau of Mines Progress Report Ny. 3, 
July 1, 1962 to September 30, 1962 (Confidential). 
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Luc i te, and polyethylene '•ontalr'ers . Either high velocity detonation 

(approximately 7500 m/sec) or low velocity reaction (approximately 

1000 to 2000 m/sec) could be obtained In the sample In al' contain«:*» 

by varying the Input energy by attenuating the shock using Uiclte 

barriers. 

A sunmary of the results obtained to date tor 50-50 NG-ECBN 

is shown In Figure 2. For each material studied, the threshold gap 

value separating the Initiation ot high velocity det-nation from the 

Initiation of low velocity reaction decreases with an increase In 

wall thickness. This behavior Is In contrast to the usual concept 

that confinement enhances the Initiation ot high velocity detonation. 

Low velocity reactions or detonations were observed In 50-51) NG-EooN 

In each of the containers, at gaps up to and including 12 Inches of 

Luclte. 

De.alled results foi 30-50 NG-EGDN in 1-lnch Id x 16-inch 

length lead, copper, and Luclte containers of various we thicknesses, 

at 250C, are given in Tables 1, 2. and 3 and Illustrated in Figures 3, 

4, and 5, respectively. Results obtained In 1-inch Id x 0.003-inch 

well x 16-loch length polyethylene containers are given in Tibia 4. 

The effect of the shock wave propagating up al .ig the out¬ 

side of the acceptor cup In influencing the test was Investigated. 

The paper tube normally used around the lower half of the acceptor 

cup (Figure 1) was removed with this arrangement. Little or no change 

In the threshold values between high velocity detonation and low 

velocity reaction was observed for thin wail aluminum, lead, or poly¬ 

ethylene containers. SimUarlly, a felt shield (6 inches x 6 inches 

x :/2 inch) placed around the lower end of the acceptor cup Just 

above the cards appealed, except for 0.0015-Inch wall aluminum containers. 
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Table 1. - Shock ■cnali.i.tfIty data at 25 C 
Sample : 50-50 NG-EGDN 
Container: Lead, approx l-lnch ló 

X 16-Inch lenRth 

Card gap, __ 
inche b_1.0 X O.OIO 

Results.-^ niaTv-rical «aluea ln m/aec 

_Comalnar, Id x wall, 5nches_ 
1,0 X 0.025 1.0 X 0.065 1.0_> .0^.080, i-o » o-m 

1.0 

1.5 

1.9 

HVD 

}:.•!» 

ITVD 

8720-7350 

1500 — 
HVD 

2.0 

2.2 

HVD hvo 1540-1480 

HVD T,VR 

LVR 
HVD 

3710-3890 

LVR 

2.5 

3.C 

4.0 

4.5 

5.0 

HVD LVR 

HVD 

4520-7430 

LVR HVD 
HVD HVD 

HVD HVD 
LVR HVD 

LVR LVR 
LVR 

LVR 

IVR 

LVR 

LVR 

156r-1210 1810-1370_ 

1/ Rates sieasured using T-2 targets at 8-lnch and 11-lnch, and 11-3/8-lnch 

and 14-3/8-lnch positions (7-1/2 cm apart) on same charge. 

HVD - high velocity detonation as Indicated by a clean hole In the 1/4- 

Inch thick steel witness plate. 

tVR - low velocity reaction as Indicated by total fragmentation of 
' ~ container and a dome In the 1/4-lnch thick witness plate. 

5.5 

6.0 

12.0 
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Table 2. - Shock ■ensltîv<ty data at 25°C 
Sample: 50-50 NG-ECPN 
Container: Copper, approx. 1-lnch Id 
X 16-lnch length 

Reaulte,—^ rvio-erica« values in m/sec 
_Container, i<; x wall, inches_ 
1.055 X 0.020 1.053 x 0.035 1,063 sTT.080 1.063 x 0.126 

Card gap, 
inches 

0.8 

1.0 

1.2 

1.4 

1.5 

1.6 

1.8 

2.0 

2.2 

2.5 

12.0 

HVD 

:wd 
HVD 

LVR 
LVR 

LVR 

1270-1200 

HVD 

7430-7500 

1320^1530 

LVR 

HVD 
HVD 

LVR 

LVR 

1090-13'0 

HVD 
HVD 

HVD 
LVR 

7430-7500 

LVR 

ion)- i7ui* 

y See footnote _1/, Table 1 
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Table 3. - Shock sensitivity data at 25°C 
Sample: 50-^0 NC-EGDN 
Container: Luclte, approx. 1-lnch Id 
X 16-lnch lenRth 

TT Results,—' nunierl-',! values In m/sec 
_ Conta<.l»^r. xu x wall. Inches_ 

1,0 ¿ O.-VQ i.o x 0‘.060 1.0 x 0.125 
Card gap. 

Inches 

1.0 

1.5 

1.6 

1.8 

2.0 

2.2 

2.<< 

2.5 

2.6 

2.» 

3.0 

3.5 

5.0 

10.0 

12.0 

HVD 

--- 765C 

HVD 

— 7810 

1330-2090 
LVR 

LVR 

990-3090 

LVR 

7280 — 

HVD 

7280-7930 

1600-1530 

HVD 

1450-1520 

HVD 

LVR 

7350-7650 

7430-7500 

HVD 

HVD 
LVR 

iivj 
2010-1960 

HVD 
ir.r 

LVR 
2040-1940 

::vd 

LVR 

LVR 

1/ See fouenote \J, Table 1 
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Table 4. - Shock sensitivity data at 25^ 
Sample. 50-10 y--’—gm« 

Container: Pol/erbylene, approx. 1-lnch 
Id X 0.001 :m.n ^ 'lx 16-lnch length 

Result si' Card gap. 
Inches 

2.5 

2.5 

2.8 

3.0 

3.0 

3.2 

3.5 

3.5 

4.0 

4.0 

4.5 

5.0 

5.0 

12.0 

HVT 

HVO 

HVD 

HVD 

LVR 

HVD 

HVD 

HVD 

LVR 

HVD 

LVR 

'VR 

LVR 

LVR 

1/ See footnote 1/, Table X. 



Figure 2. - Gap sensitivity of SO-SO NG-EfiDN in 1- x 16-inch containers at 25°C 



Figure 3. - Gap sensitivity of 50-50 NC-EGDN in 1 x 16-lnch lead 
containers at 25*C. 



Figure 4. - Gap sensitivity of 5U-50 .«Ki-tGON ln l x 16-lnch copper 
containers *t ?r®C. 
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Figure 5.- Gap sensitivity of 50-50 NG-EGDN in ! x 16-inch Incite 
containers at 2;°C. 
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to have little or no effect on the threshold values. Thus, external 

blast effects, from tl:e donor In this experimental conflg' ration, U«. 

not appear to effect ease of Initiation of detonation on NG-EGDN in 

thln-wall containers to a measurable iegree. These results are 

Illustrated In Figure 6. 

2/ 
Critical ulameters—' were determined for 50*50 NG-EGDN in 

0.035-lnch wall aluminum tubing using the step-down -rrangement. A 

large section of 1-lnch diameter x 16-lnch length aiumlnum pipe was 

attached by a rubber sleeve to a smaller diameter tube 30 Inches long. 

Either high or low velocity regimes were established In the larger 

section by means of a suitable donor and card gap. Critical 'llamt-ers 

were found to be <0.06 Inch and between approximately 0.06 and 0.12 

inch for high velocity detonations and low velocity reactions, re¬ 

spectively (Table 3). 

HaQa (90.71) - Glycerine 

A stolebiometric mixtur« containing 74.» percent HaOg (90.7 

percent) and 25.9 percent glycerine was employed to »xtend the studies 

to other explosives. Passivated"^ 1-lnch Id x 16-lnch laugth -lumimuo 

(61ST6) cups of various wall thicknesses at 250C were use- '•« containers. 

Either high velocity detonation (approximately 6900 ra/se-‘, or low 

velocity reaction (appr^..imately 1500 to 2000 m/sec) was established In 

the sample by suitsMe variation of the shock Intensity. As in the 

case of 30-50 NG-EGDN, the threshold gap value separating the gap-wall 

thickness high velocity from low velocity detonations decreases with 

an Increase In wall thickness. Likewise, low velocity detonations 

were obtained In the HpO--glycerine-H,0 system at gaps up to and In- 

c. 'ding 12 inches of Luclte discs. The results obtained are given In 

Table 6 and illustrated In Figure 7. 

3/ The cups were degreased with 5 percent NaOH solution (5 minutes) 
and then passivated by soaxlng In *.5 ,.. «cent UNO, (24 hours) and In 
30 percent solution (1 to î hours). 
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Table 5. - Critical diameter of 30-50 NG-EGDN at 2S',C 
(Single gtep-down device) 

Container Aaaembly— Number Average 

Id X wall X length. Card gap „i ui.>.unatlon Velocity 

_Inches_lm.be« ríala_m/secl^_ 

A 

B 
Alumlnum, 

Alumlnum, 

1.05 X 0.133 X 16 

0.06 X 0.035 X 30 
r.ero 2 7350 

HVD 

A 

B 

Alumlnum, 

Aluminum, 

1.05 X 0.133 X 16 

0.43 X 0.035 X 30 

2 1 1950 

A 

B 

Aluminum, 

Alumlnum, 

1.05 X 0.133 X 16 

0.31 X 0.035 X 30 

2 LVR 

LVR 

A 

B 

Aluminum, 

A lumlnum, 
1.05 X 0.n3 X io 

0.18 X 0.035 X 30 

7 2 1880 

A Alumlnum, 

A lira! num, 
1.05 X 0.133 X 16 
0.12 X 0.035 X 30 

2 3 1970 

LVR 

A 

B 

A lumlnuiu. 

Aluminum, 

1.35 » 0.133 X 16 

0 '* i 0.035 K 30 

2 2 1936 
INC - 1.5 Inches 

Irregular 

_1/ SteMe detonation was first obtained In section A (16-inch length) 

attached to section B (30-lnch length). 

2/ UVD - high velocity detonat'on 

LVR - low velocity reaction 

INC - Incomplete reaction - value in Inches Indicates ¿..'stance of 

decay In section B. 
Irregular - Intermittent ruptures along length of section R 
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Table 6. - Shock aenaltlvlty data tor atolchlometrlc mixture of 
74.1% IfaftT (90.7¾) and 7S.9X glycerine at 25*0 
Coiitalif»-; Aluminum (61STfe). approx. 1-lnch Id x 
16-lnch lenuth 

Card gap, 
Inchea 

0.10 

0.15 

0.20 

0.20 

0.25 

0.25 

0.30 

0.30 

0.40 

0.50 

0.50 

0.60 

0.70 

0.90 

1.00 

1.10 

1.20 

1.20 

1.30 

2.00 

4.00 

6.00 

10.00 
12.00 

Resulta,—x nuaierUal «.lue» in w/’aec 
_Container. Id y «11, Inchea_ 
1.055 x 0.020 1.'55 x 7.035 '1.064 x 0.083 1.05 a 0.133 

HVti 

6940-7080 6880-7080 

6940 —— LVR 688U-688U 

HVD 

HVD 6760-7010 

2310-2190 

LVR LVR LVR 

2150-2140 2160*:55 

6880-7010 

HVD HVD 

LVR 

HVD 

1260-2110 

HVD 

HVD LVR 

HVD 

6940-6820 

1630-1650 

2230-2190 

1370-1570 

1780- 520 

1490-1630 

1060-1430 

1800-1590 

1460-1920 
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Figure 6. - Effect of external lateral shock wave on gap measurement 
of 50-50 NG-EGDN at 25°C. 

A - paper tube around acceptor cup 
B - no paper tube abound cup 
C - blast shield »"d ,.o paper tube around acceptor cup. 



Figure 7. - Cap sensitivity oí sïDie’ 'nn-'-ric Hai» (90.7X) - glycerine 
system in 1 x 16-lrrfc aluminum containers at 25”C. 
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FUTURE WORK 

The curves In Figure 2 are based on a limited number of 

individual experiments and represent only roughly the threshold 

between high velocity detonation and iow '.dozily tsaw^ion. To 

adequately define the threshold curve and to determine with a cer¬ 

tain degree of precision the inimin>um card gap where 'ow velocity 

reactions are Initiated would entail a large numoer experiments. 

In order to keep the number of experiments to a minimum, card gaps 

will be determined at the 50 p'rcent level, that is. me ¿ever at 

which there Is a 50 percent likelihood that hl6u ^„oclty detona¬ 

tions and 50 percent low velocity reactions occur. This level Is 
4/ readily obtained using rhe bruceton "up-c.-d-down" method.— Curves 

drawn through the 50 percent gap values will be on a c on «non Measurable 

basis and thus more comparable. This does not mean, of course, that 

low velocity reactions will not occur at lower chan 50 percent gaps 

nor that h.^h velocity detonations will not occur at higher than jv 

percent eap*. 

Studies are planned to determine the analogous gap values 

for the threshold between low velocity reaction and no Initiation. 

A "self destruct" technique will have to be developed to destroy the 

NG-EGDN Sample In case of nc Initiation to a-rold contaml- r^lng the 

bombproof. 

4/ Dixon, W. J. and F. J. Massey, Jr. Introduction to Statistical 
Analysis. McGraw-Hill, Mav York, 1S51, pp. 278-86. 
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