
I 't . : """' MHSMP-76-13 

COMPARISON OF PANTEX HIGH PURITY HNS I 

TO A CHEMTRONICS HNS I FOR THEIR SENSITIVITY TO 

INITIATION BY HNS II MDF 

L. D. Hane.~.> 

DEVELOPMENT DIVISION 

APRIL 1976 

(P.O. NO. 03-5478) 

FINAL REPORT 

For 

Sandia Laboratories 

Albuquerque, New Mexico 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the 
United States Energy Research and Development Administration, 
nor their employees, nor any of their contractors, subcontractors, 
or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, 
completeness or usefulness of any information, apparatus, product 
or process disclosed, or represents that its use would not infringe 
privMP.Iy-owned rights. 



This report was prep'!~I~E-----­sponsored by the Uruted s an account of work the Umred States nor ~~~t~~vernment. Neither ~arch and Development Admi ed States Energy 
theu employees no rustrat1on. nor any of subcontractors, 'or :he:nyemo~ theu contractors. war~ nay, express or im lied p oyees, makes any 

liability or responsibilit / • or assumes any legal or ustfulnea of any mlor or the accuracy • completeness ~ricesJ d~losed, or repr=~~nf~~rtUI, product ot nge pnvately owned rights. ts use would no I 
I 

=::.J CoMPARISON oF PAN~EX HIGH PuRITY HNS I TO A CHEMTRONICS HNS I FOR THEIR SENSITIVITY TO INITIATION BY HNS II MPF 

L. V • Ha.n.e-6 

DEVELOPMENT DIVISION 

April 1976 
P.O. No. 03-5478 

-\-
~{? . . ,.. N Of i\-\\S ooCUNl£Ni \S UNL\Nl!l8> b\SiR\B'U I \0 



ABSTRACT 

Two lots of HNS I have been compareq for theirsensitivity to initiation 
by an HNS II MDF donor .. The sensitivity test utilized was previously 
developed to study the exc;_ess transit tinie for transfer of detonation 
from a small diameter confined donor to a larger diameter ~nconfined 
acceptor via the deton~tion electric.effect technique: 

DISCUSSION . . l . 

Two. 4.5 kg batches Qf HNS II, ~ots 5171-137-0i and 5178-1~7-Ql, were 
made for SLA by conversion of HNS I using DMF as the recrystallization 
solvent. The conversion process, puritY analysis, particle characteri­
zation, pressingcharacteristics, and drop hamnier reSL!lts were reported 
to Sandia in an undistributed report. Alumi~um-she~thed, drawn and 
hydraulically compacted MDF was manufactured from samples of each batch. 
Pertinent properties(j) are listed iri Table I. · · . 

In work completed last q~arter, M~F produced from each. powder batch was 
tested in a sensitivity ·test which wa·s developed at Pantex to measure 
the excess transit time in a relatively large acceptor pellet when 
i ni ti a ted by a sma 11 ·confined donor. The _acceptor pe 11 ets were pressed . 
from~-synthesized, Qj_gh-QW:i:ty,HNS I{2), Lot PX-11.. The results 
of this work-were previously reportecf{-.3). The MDF mqnufactured from Lot 
5171-137-01 HNS II seemed to produce the better test .res!:JltS, and therefore 
it was chosen as the donor for another test series.in which CheMtronics 
66-48 HNS I was the acceptor pellet material. 

This test series, -with the compacted 5171-137-01 HNS II MDF donor and 
----- Chemtronics 66-48 HNS I acceptor pellets, was patterned after those 

aescrfbed above in order that the PX-11 and Chemt~onics 66-48 could be 
compared in the-acceptor mode when initiated by· the same donor. The 
most significant change in the two test series was that the air gap 
between MDF segments was reduced from 25 ~m in the first $eries to 5 ~m 
in the last series as an attempt to improve the reliability of the 
transfer of detonation between the MDF segments. 

EXPERIMENTAL TECHNIQUE AND RESULTS 

The detonation electri~_effect technique{4) was utilized to measure 
detonation front-arrival tim~s at various int~rfaces. in an explosive 
train. The tr~in consisted cif an RP-2 detonator, 25 mm of l g/m PETN 
MDF, five segments of compacted 5171-137-01 HNS II MDF {6.35, 6.35, 
12.70, 6.35, and 6.35 mm lengths)~ and an acceptor pell~t stack. The 
length of the acceptor stack was varied from 2.5~ to 10.16 mm in order 
that excess transit time could be measured by the cutback method. The 
segments of MDF were ~ep~rated by 5 ~m air gaps to create the inter­
facial signals. There was no air gap and therefore no interfacial 
signa 1 between the fi na 1 MDF segment and the pe 11 et stack. The typi ca 1 
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transit time for the final ~ir gap-MDF segment combination was calculated 
from those m.easured for all t.he other gap-segment. pairs. This average 
was then subtracted from the total time measured on each shot for the 
final air gap-MDF segment-pellet stack co~bination, giving the transit 
time for the pellet stack. The tests were done ~t five pellet densities: 
1.45, 1.50, 1.55, 1.60, ~nd 1.65 Mg/m3. 

Results obtained for the MDF in each test series are summarized in 
Tables II and III. The methods by which the numbers were obtained are 
described in the footnotes. It is apparent that the reduction in air 
gap size from 25 to 5 ~m did not reduce the scatter in the transit times 
for the air gap-MDF segment combinations. The excess transit time due 
to the insertion of an air gap was reduced by a factor of three when the 
gap size was decreased by a factor of five. The detonation velocity was 
calculated in·three ways for each test series. The average of the six 
calculations is 7014 m/s, which compares well with the detonation velocity 
of 7000 m/s at a density of 1.70 Mg/m 3 (5). This density is 98% of TMD 
and is reasonable for compacted HNS MDF. 

The acceptor pellet stack data are presented in Tables IV and V. The 
comments in the tables indicate that the shot loss rate'due to failure 
of the detonation front to propagate between MDF segments was reduced 
from 12% to 7% by decreasing the gap size. However, there was an increase 
in the shot loss rate due to the absence of usable air gap signals from 
4% to 11%. The net result was no improvement in shot loss rate due to 
the decreased gap size. The PX-11 series had no initiating failures of 
the acceptor pellet stack, whereas the Chemtronics 66-48 series had 3 
failures (11%), one at each of the densities 1.50, 1.55, and 1.65 Mg/m3. 
These data were reduced by linear fits to obtain excess transit times 
and detonation velocities. Results are given in Tables VI and VII. 
Figs. 1 and 2 indicate that the excess transit times for Chemtronics HNS 
are qreater than those for PX-11 at all densities tested except fo~ 1.65 
Mg/m3. The excess transit time for Chemtronics 66-48 at 1.55 Mg/m 3 

agrees exactly with that found in previous work(6). 

Detonation velocity as a function of density for both HNS lots is shown 
in Figs. 1 and 2. The solid circles are experimental data. The dashed 
line is a linear fit over the density range tested. The open circle is· 
the extrapolated value of detonation velocity at 1.74 Mg/m3, the theoretical 
maximum density. The solid triangles are calculated detonation velocities 
that should occur at TMD based upon the detonation velocities obtained for 
each density above which the points are plotted. These values were 
derived using the empirical equation D = E(ViDi), where Dis the detonation 
velocity of the mixture, Vi is the volume fraction of the ith component, 
and Di is the detonation or shock velocity of the ith componP.nt(5), The 
shock velocity in air used for the calculations was taken from reference 
5 as 1500 m/s. 
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· CO.NCLUSIONS 
<• . - "'· . 

The Chemtronics Lot "66-48·HNS I is less sensitive to initiation than Lot 
PX-11, based .. upon two findfngs. ·One;·· the PX;..li 'had no ignition fai_lures, 
whereas the Che.mtronics 66;..48 failed to ·initiate in 3 (11%.) test~ a_t · 
densities as 1 ow as ·1. 50 Mg/m 3• · Two, . the PX-11- exhibited. an . excess. · 
transit time which, onthe average, is lower by a factor of three than 
that of Chemt~onics 66-48. 
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Table I. Pertinent Prbperties· of Co~p~ct~d MbF Containing HNS II 

Pro~ert~ · Lot 5171-137-01 Lot .5178-137-01 

MDF ID (mm) 0.51 0.51 

MDF OD (mm) .. 1.12 1.12 

MDF Load Size ·(g/m) 0.38 0:38: 

MDF Velocity (m/s) 7060 7050 
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Table· II. · f{esuTtsObtained for Compacted 5+71.-137-01 
HNS II MOF with 2& ~m Air Gaps in ~hots with 
PX-11 HNS l Acceptqr Pellets·· 

12.70 mm 19.05 mm· 
Lengths ·. 

. I 
Le.ngths 

Number of Points 12 ~9 

Length of Segment (mm) · . a 
12.70 . 19. os<il 

Transit,Time for G~p an~ Segment ( ~$) 1.82~. 2.71~ 
Standard Deviation(~s) 0.00~ 0.009 
Transit Time fqr Segment .( pS). 1.780c ·2,670c 

Standard Deviation (~s) 0.013 0.013 
Excess Time Due to G~p (~s) 
Standard Deviation (lls) 
Detonation Velocity (m/s) 6970d· 7()30d 

Standard Deviation (m/s) 40' ~0 

aVo:Zue i.s nominal •... Starzda:):od dev·ia·tion a.ssimu3d to be zero for aU · 
calculations. 

bValue is the average. 

Both 
·Lengths 

31 

0.042e 

0.009 

713c! 
30 

cValue is the differen(Je between the average. transit tf,me fo.r> one gap­
segment pair and the excess transit time due to the air gap. 

dValue is the quotient of the average segment le~th and the average segment 
transit time. · 

e . . 
Value is the intercept of the linear fit to q.U the data. 

f Value is the inverse slope of the linear fit to aU· the data. 



Table III. Results Obtained for Compacted 5171-137-01 
HNS II MDF with 5 ~m Air Gaps in Shots with 
Chemtronics HNS I Acceptor Pellets 

6.35 mm 12.70 mm 
Lengths Lengths 

Number of Ptiints 36 18 
.. 

Length of Segment (mm) 6.357a 12.676a 

Standard Deviation (mm) 0.043 0.024 

Transit Time for Gap and Segment (ps) 0.910a .1.829a 

standard Deviation (~s) 0.011 0.013 

Transit Time for·Segment ( ~·s) 0.905b 1.815b 

Standard Deviation (~s) 0.016 0.014 

Excess Time Due to Gap (~s) 

Standard Deviation (~s) 

Detonation Velocity (m/s) 6980c 6980c 

Standard Deviation (m/s) 90 50 

aValue is the average. 

bValue is the difference between the average transit time for one gap­
segment pair and the excess transit time due to the air gap. 

Both 
Lengths 

54 

0.014d 

0.005 
6980e 

30 

cValue is the quotient of the average segment length and the average segment 
transit time. 

dValue is the intercept of the linear fit to all the data. 

eValue is the inverse slope of the linear fit to all the data. 
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Density 
· (fv1g/m3 ) 

1.45 

1.50 

1.55 

1.60 

1.65 

·Table IV •. Ac~eptorPellet Transit Time Data for PX-11· 

' 

HNS. I Pellets Initiateq by Compacted 5171-137-01 
HNS 'I MD.F · .. 

·Transit 
. Length Time . 

(inm} (JJS} Comments 

2.54 No Record. Obtain~d 
2.54 .. 0.395 
5,08 0~815 
7.62 1.195 

10.16. 1~605 

. 2. 54 0. 395 . 
5.08 0.785. 
7.62 An MDF Segment Did Not Ignite 
7.62 1.165 

10.i6 1.565 

2.54 . 0.385. 
5.08 0.765 
7.62 No· Usable Air Gap Signals 
7~62 1.125 

10.16 1. 515 

2.54 0.385 
5.08 An MOF Segment Did Not Ignite 
5.08 0.755 
7.62 1.115 

10.16 1.505 

2.54 0,375 
5.08 0.745 
7.62 An MDF Segment Did Not Ignite 
7.62 1.105 

10.16. 1.455 
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Table V. Acc~pto~ P~l1et Transit-Time Dat~ for Chemtronics 
66-48 HNS I Pellets Initiated by Compacted 5171-137-01 
HNS II MDF 

Density 
(Mg/m 3 ) 

Length 
(mm) 

Transit 
Time 
(llS) Comments 

1.45 

1.50 

1.55 

1. 60 

1.65 

2.54 
5.08 
7.62 
7.62 
7.62 

10.16 

2.54 
5.08 
5.08 
5.08 
7.62. 

10 .. 16 

2.54 
5.08 
7.62 . 
7.62 . 
7.62 

10.16 

2.54 
5.08 
7.62 

10.16 

2.54 
2.54 
5.08 
7.62 

10.16 

0.456 
0.856 

1.676 

0.426 

1.226 
1.631 

0.426 
0.801 
1.166 

1.176 
1.566 

0.406 
0.766 
1.152 
1. 516 

0.376 
0.756 
1.106 
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No Useable Air Gap Signals 
An MDF Segment Did Not Ignite 
No Usable Air Gap Signals 

An MDF Segment Did Not Ignite 
Pellet Stack Did Not Ignite 
No Usable Air Gap Signals 

Pellet Stack Did Not Ignite 

Pellet Stack Did Not Ignite 

Poor Pellet Stack Output Signal 



. . ... 

Table. VI. Experimental Results for PX-11-HNS (F>_ell.~t~ .•. · 
Initiated by Compacted 5171.;;137~0.1 HNS Il MDF 

Excess 
Transit· Standard Detonation Standard 

Density. Time Deviation ve1odty • Deviation 
(Mg/m3) (ns) (ns) (m/s) (m/s) 

1 •• .. ·.· l· 

1.45 0 14 6332" 82 

1.50 5 7 6528 44 

1.55 10 10 .. 6771 69 

1.60 10 11 6826 77 

1.65 20 8 7054 61 

. . . . . 
. · . . -: .·. . . 

: . . . . . '• . . 

Table VI1. · Experimental Results for Che~tronic~ 66~48 HNS I 
Pellets Initiated by Compacted 5171-1~7-0l HNS II 
MDF 

. Excess 
Transit .Standard Detonation Standard 

Densitl Time Oeviation Velocity· Deviation 
(Mg/m3 (ns) (nsl (mis) (m/s) 

1.45 46 7 6238 38 

1.50 26 a 0 . 6350 oa 

1.55 43 7 6694 45 

1.60 31 10 6835 63 

1.65 16 19 6959. 165 

aOnly two data points available for U~ear fit. 
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