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CONFIDENTIAL

ABSTRACT

The failure d:ameter and shock sensitivity of 2, 2-DP were
measured in lead tubes of -mm wail thicikness and 5f IBA in tubes of

Sermum wali. Tne tartcr: mameter of 2, 2-DF 15 teas ten S rvm. Im

[

o

3

Smm . D, x 2 mm wali cups the sensit.vity is 87 = 6 kbars. The

diameter in which 1BA propagates a detonation iies between 10 and

Smman ' 3-mm wall tubes. In 20 mm 1. D. x 2 vun wall cups the

o

sena:itivaty 1s 75 x b kbars.

We are developing a test to be useful as a standard method for
meas.:nng sensitiv,ty of iiquids at extremes of remperature and pres-
sure. The < nlenon for detonation 18 the measu-ement obtained for
shock velocity. [wo techniques are being explored: electronic and
explogive w:tnes.. Preliminary experiments with the latter indicate
tr.at a modified Dautriche method can be used at ambient and cryogenic

tempe ratures to measure detonation velocity and, therefors, detonability.

In lead confinement, the fzilure diameter of 1, 2-DP and 2, 2-DP
was found to Le leas than 0.8 mm; that of IBA was 0.8 mim according
to the work so far completeé. This general range of fajlure diameters
corresponds, under the assumptions made in the theory of failure
diameter of homogeneous materials, to frequency factors beiweean 1014
and 1015 s¢c7!

in the expression for the temperature vanation of the {irst-order

. and activation energ.es between 25 and 35 kcal/mole

reaclion congtant.

Decomposition of !, 2-DP in methanol 15 accelerated by HCl and
LiCl to about the sam= extent; LiClO,; alzo shows caialytic activity.
The data suggest that anmonic rather than acid cata’vei. i¥ an important
rmechansm for catalyzed ¢liminaticn of HF irom difluoroaminoprosanes.
1, 3-DP decomposces at 176-200° by HF elimination giving 2 small
amourt of malononitrile and a major amoun: of nonvolatie residue.
Chlorcacetic acid catalyzes this decomposition at 176° markedly in

mtrobenzere nd weakly in chlorobenzene.

i
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L I I
L = 2+ R T R L L I SR
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. INTRODUCTION

i . .
Tre vres.ous 1eport’ on th? Sianford Research Institute program

IR

RS S8 dawenryl sensitnciv properties of difluoroamine
compounds resicwed and discussed the experimental miormanon obtained
Wil 1osport t- rmarmal siab:hity detorability. and decomposit:on kinetics
of several sistd:iluoroamr:no)prepane 1somers and IBA  Specifically the

program was Givided into four mterrelated parts:
t&+ The shock sens:tivity 1o detonation of the liquid phase

'b; The relaticn of shock sensiuvity and failure diameter to

the flow and chemical reaction rate behind the shock front
tc) The adwavauc seiz-heating of the liqu:d phase
(d) The mechamsm and kine:.cs of thermal decomposition.

Beer nning with ihis quarter the program 1s being modified and
expanded to irciade new tasks relating to detonation and thermal
decomposition phenomena. The detonation studies will include (a) measure-
ment of the shock sens:tivity of the difluoroamino compounds of interest;
{b) determination of whether or not the compounds exhibit low-order
detonat:on and. :{ 0. the necessary conditions for imtiation, (¢) modifica-
t:on of the JANAF seniitivity test so that 1t will be more meamingful and

adaptable to conditions of extreine temperature and pressure.

The treoretical study will inciude adjunctive experimental stadies
16 the phys:ics and chernstry oi detonation. The objectives of this phase
oi the work are 1a) 1o demonstrate the steady detonation of d:fluoroamino
cempounds (b} to establich fa:lure diameters of difluoroamino compounds
:n metals and other mater:als. (c! to study evernts in the hinu:ds as shocks
of various magw-iv<-z enter 1d) to study. wnere possiple. the Chapman-
Jouguet veloc:ty. eGuation of stute oi she unreacted materials. and the

Giuergence of the reacting materia! :n the wave.

“SRI Techn:ca! Progress Report No. &4-2. Annual, "Relatuonship Between
Decomposition Kinetics and Sens:tivity,” Marcin 15, 1963, 10 March 14,
19¢4 Centract Nounr 37¢0:60)

1
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The study of the kinetics and mechanisms of thermal decomposit:on
wi 2iflucroamino compounds will continue along lines previously established
and will :nclude, 1n addiuion, a study of the effect of acidic, basic, or
neutral additives on their decomposition.

This quarterly report reviews the imtial work on the modified

- JANAF sensiuvity test, and the recent results from studies of detoration
sensinivity, failure diameter, and decomposition of 1,2- and 2, 2-bis-
{difluoroam:no)propane (1,4~ and 2,2-DP) and 1. 2-bis(difluoroamino}->
msethyl propane (IBA), the decomposition of 1, 3-bis(difluoroamino)propane
~ was alsc studied, .
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1i DETONATION SENSITIVITY

(A 2. Amsier. D. M. McEachern; J7.)

The shock sensitivities of 2,2-DP and IBA havé been measuted
us:ng plastic awenuators and the SRISP apparatus to:-detect detunation. !
In one experiment the iailure diaimetes of 2,2-DF was foundto be less
than 5 mm n unslotted 1-mms=wall lead cups. Sensitivity was measufFéd
it: 9.5 mm L D. lead cups wiih 2-mm walls. Table I sufrarizés these
results:

Table 1

SHOEK SENSITIVITY OF 2,2:DP

-———-—-—-—1 — G-al') -— , N =
Skot # | [(inches) | (mifi) | Result

] r0298:1 | Zers | o | G0
102982 | 0:55 13.0 | No go

- 10296 . 0.46 1.6 | Go

- 1032551 0.50 | 12.7 Go

. J0325=2 | _0.54 1333_ 1 _N% go

The measured sensitivity is thus 0.52 0. 02 irich or 87 £ 6 kbats
initiation pfessure.

Using cups of diffeFent: diameters; ihe failuie diameter of IBA
was found 1o lic betweén 10 and 15 mrm .in 2:mm+Wwall lead wubes add.
testing was done in 20 ibm 1. D: x 2 mm wall lead cups. Thé resuliz
{Table iI) indicate ihat the sénsitivity of IBA i§ 0. 565 % €. 01 inich of
plasiic or 75 % 6 kbars:

Fuiure plans are to conduét additional shock velacity measufes
menis in Plexiglas 2itenugtors with thé booctes used in the sensitiviiy
tests in order Lo defihe bétter the initiation pressure. Aldo the effect
upon apparent sensitivity of feplacing ihe "flowefpot” planeé wave
generaior with a tetryl pellet will be studiéd, using siandard accepiors
such as ietfyl, Composition B, afd hiiromethane.

3
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Table 11
SHOGK SENSITIVITY OF IBA

i} - Gap |
Shot # | (Inches) |- (ibn) | Result

Go

wli

10325=1 | 0.50 12.
16327:2 | 0.75 19, No Go
10337=3 | 0:62 | 15.7 | Ne-Go
10327-47) 0.5 14.2 . Go
- 10327<5 | 15.0 | Ne.Ge
| 1032726 | e ' No*éa,__ |
in addition: we will Fepeat the Sensitivity tests oa 1, 2=DPsifi:a

-~

Ut
o

(5 1]
=3

flo & o
un
)

larger diameter-to study the shape of the diafneter-Sensitivity cufvé:

4
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il ADAPTATION OF THE JANAF BOOSTER TEST

Amsier, D. B. Moore, and J. Berke

ids are often exposed 1o conditions, such as

¢ their susceptibility to
nefgy materials a¥e liquid
{ E&E}}péraiuré and.pressure: Thefe gxifts
¢ test apnlicable to these sitdations:.

am to adapt the curreiit JAN AF test

7% < T < 373%K
I atm <P < 10 aitim

test where-odification and impFove

An impotiant aspect of the
indicated is the method of establishing whethe¥ detonationshas
f#ed. The pfesent test prescribés the use of a Withess plate, but
it is becoming appafent that such damage-critéria are of liriled valie
tions. Furthefimore, experience at liquid nitfdgehn

cates that the witness plate and confihing tube Lecome

&
v

temperatures in
as to render them valueless when s used. A test methodfor

so briutle
at exiremas of temperature or . pressure or both would reguire

ng (as distihguished {rom confinement) within which

”
¥

o

15
additional packagi
io control the envifonment. it would not appear profitable to pu¥sue a-
nt package th¥ough which optical measureipents
1d be modified so that detonation

search for a transpare

ity rather than damage criteria==zihe

ptical fieans:
sethods fof measufi ing
An adaptation of
b yvield results of 2
¢ precision while at the sanie time

ke detonation detector is detohdting

Vet e

e o

v




ON GAG

SAMPLE —~—]

RA- 405198 :

"

FiG. 1 DETONATION VELOCITY APPARATUS.

cord exther directly in contacl with the sample or separated from it’by

WA T ROV 0 g
W he w

@ thin membrane. When sample detonation iniliates the cord, the ion

auges @¥e activated, the time of activation being fecorded oscillo=

j14
- =
graphically: Knowledge of the detonation velocily of the cord 1nd of -
N the values of the-distances a and b permits determination of the detotias .

PR

b

tion velocily of the sample: The success of the method depends$ upon

GaYy AT w1 e

the reliability with which the cord is initiated by the accepior. A

e use of oscilloscopes

aiso available for ihe

6

405 TR 14 Al 0 1B B 9F 3 A SO e 3 S B S )
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2

assemble and perform. Components should be readily available-8%
inexpensive 1o manafaciufe and should be interchangéable. The :
requirements of & t high temperature and high pressure diffé¥
from those at cryogenié temperature and ambient prassufe. It i"ﬁé'y

ecessary to-provide {of iiiterchangeable inodulés usafuL

1. Evaluation of velocity méasuFeihent téchniques at
a. Ambient and high tenperaturés
b. Uryogedic tefnperatu¥es -

2. Deiinition of the limits-of applicability and Feliability-of

each inethod

3. Desig’r} and testing of a suitable package unit or, if necé:

-
H
H

units

4. Integration of ihe §énsof within the package :
5. Modification of the package; Whére possiblé; to miake.ihg:
test inekpesnsive zid.sirmple ’

6. Demonsiratich of the test usefulness by HeasuFin

detonability of Sample liquids such as:

and TNT. :

vental Program

The fiFst-éxperimeints were désigned to develop a fest {0
whefe eléctrical powef is uhavailableé. The Wethod; shown scligina
in Fig: 2, i§ an elaboration of the Dautfiche method in which the:dét

compared with—.iizai in ihg safﬁ_;‘j

ticn velociiy in a-khown .rnaterial is-

under $tudy. The tetryl initiate

[

3
nitiates the t,:\pibs ive sheet at the
pagates further along €ach Piinger” of the eic;‘)lcsivg §heet.

odi

[

e on
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Ei6. 3 TYPIGAL TEST RESULT = WITNESS PLATE

Ry

y
"

odified as shown in

3

FoF cach shot 2 standard tesi cup i$

4a and an aluininum witness plate prepared as in Fig. 4bs

¥4}
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(¢) SHEET EXPLISIVE ON WITNESS PLATE

RA-203.-37

Cer B

“1G: 4 TEST COMPONENTS

Wio 1 orge

ne other end over and:

P

each of the rfemaining four holes and

Wb g W) 5] e

contact with the shori strip (see Figs. 4c and 3z}

R

o

e

Crn

G e

L T TR T AT TR

R TIIIRT

T

o
wh
by

T

m.
[$11]
o

i

TR

T




TROTW MG €0 043 L L RA LR A

R T et W et

W

IR e

I 5 8 €50 T 139

The resulis of 3 seFies of tests to evaluate the methdd are
presesied in Table III. Shéis 1;4; and 5 established a useful witiigss
plate thicknéss: viz: 1/2 ifich aluminum: Shois 2, 3, and & condoored
with liguid niifomethane demonstrated that detonation of & liquid in-ihe

test cup would propagate through-the walls to initiate ithe .MDF and:ihit

the plate donts could be used 16 calculate a velocity.

s

A nuinber of ohtrol experiments were conducted. Using

explosive to line the cup {Tests 4 and 5)

Test 11}; it was apain demonsifaiéd that a scable high velocity could
= = ==

be detected Feliably:
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A fziling (2. 2., ponpropagating) detonation wave. Should be

wave velocity rather than by f{ailure of the

il

nd 8, .conducted dn eithe¥ Side o{ the
nitromethane demonstrated that the explosive
Thus; using 40 cards, nitréomethane

sensitivity limit from
witniess mel this requirement.

detonates as confirmed by the approximately constant high velocity

w ’»

calculated at each station. Howevefr; with 60 ¢afds nitfomeiliane doés.

not propagate detonation as evidénced by the deéfe‘ésifxg‘ velocity

1
,Ou

recofded. This Fesult can be cofpared with:the results of shot No
the low velocity initially recofded decays fépi’dﬁ; 56 tli_é\‘t

using water: 3

no record i3 obtained at the third a
high-velocilty ensor rathet than a

nd foufth fingefs. These fBéasufés

rments coniirm ihat the iést is a
dedired resulu:

i

detonation sensor; th

Low terbperature behavior was examined by &hots 17 through.
21, the pérfcriances of PETN and RDX MDF wWere found tobe $ati§
factory in liguid aitfogen (78°K) and a Feasonable velocity récofd . was
Using ~n émpty -

obtaified using hitfornéthane ai the-samé tempefatute:
cup; Shot 21 attested o the desirable abseice of & shock ih the cip-Wall
stfong enocugh to ifitiate the MDF.
C. _Discu§sion.

The modified Dautfiche method deScribed and tested funciions
reliably and is able to.distihguisi among the following $ituations:

1) Shock deceleration thréugh a nchreactive material such as.
Wwater (shér No: 10)

2) Shock deceleration and detenatioh faildfe inh & feactive liguid

{shot No: 8}

(&1

3) Shock and detonaiion propagation in explosive liquids ot solids

The {ollowing test commponents perforts properiy:

1) Test cdp-<as specified by the LFIA test=zalthough at low
ternperaturés leakage is a broblem and thought is being

i3
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given 1o repiacing the Teflon diaphragm with one of

other metal solderad to thé ¢1p.

2) MDF=z=20=zinch lengths of 20 grain/foot PETN MDF

i

3} t
} 42=mil ithick C=1 Détasheet

b} 42=inil thick D=1 Detasheét {gFeen)

LY

¢} 42=mil thick D=1 Detashet{(Fed)

heet explosive==several.are satisfactéfy including:

4) Witness plates==2024 alumibuib 6 % 10k 1/2-inches:

Fequifernent.
D: .Eutufe Work

Esperimiéntal Work planned fof the coming guartéf
of thé contifudus wire under siinilat conditions both aloné 3

juhction with the explosive Wwitness.
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IV PHVSICS AXND CHEMISTRY OF DETONATION

{Leslie . Seely Marjorie W. Evans, A J. Bartlett, and D. Tegg)

A Failure Diameter of Ditivorcamino Compounds

The failure diameter of liquid explosive~-if it were large
enough--could »e of practical importance for the design of safe piping.
Failure d:armeter 1s also of theoretical importance, since its magnitude
1s determined by competition between the chemical reaction rate and
the flow divergence, 2 The resulis on 1,2-DP, 2,2-DP, and IBA 1in lead
conifinement are not quite complete, but the safety implications are
evident’ all three compounds will propagate 1n very small diameters

i metal confinement.

The conditions used for test were ¢chosen for theoretical sim-
plicity. Lead was used1 as the confiming material because 1ts sound
velicity 15 very much lower than the detonation velocity of ar; of the
three compounds; this simplifies the interaction at the explosive-wall
interface. The lead was used in the form of blocks rather than tubing
to give a very thick wall and avoid having to consider reverberations.
These relatively large pieces of lead had the added advantage that they
stayed in one piece under the disrupture force of the detonation, thus

serving as their own witness ocivcks

Many of the difficulties in performing failure-diameter tests on
liquids derive from properties that are guite general among homogeneous
explos:ives but distinctfrom those of heterogeneous explosives For
instance, failure diameter for liquids is anomalously large in glass
confinement, and failure occurs by means of ""dark wa- es, o3 The

failure diameter of a liquid explosive in metal, even a metal of very

2
“M. W. Evans, J. Chem. Phys. 36, 193 (1962).

SA. W. Campbell, T. E. Holiand, M. E. Malin and T, P. Cotter, Jr.,

Natare 178, 38-9 (1956).
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~ mi.ch smailer than 1n glass, and dark waves will

- appearance except at discontinuities in the metal

nese dark waves are not well indersiood Thus, if

arlure diameter data to gain information o chemical
reaction processes, it seems clear that we mpust himit studies to cases

where Iailure occars not via dark waves but rather via smooth-flow

An deal farlure diameter test would involve a very long charge
so that the test section could be considered to be boosted by an identical
section preceding it. The size of the booster would then be of no
importance provided it was large enough. In practice, the length of
hole that can be satisfactor:ly fabricated i1s limited, and 1t 1s therefore
of great importance to use the correct booster in order to save charge
th. If the booster 1s too small the explosive will fail no matter how
e the diameter; if very much too large, the explosive will shoot
below failure diameter through the limited length available, The
preferred situation is to overhoost shightly. This overboosting is a
guarantee against “strange waves, " which are of safety interest, of
course, but for which no satisfactory theory exists. However, failure
diarneters for weak waves are reported to be larger than for full-strength
waves,l‘} 50 we are justified frum the point of view of both theory and

safety in concerning ourselves with the farlure diameter of strong waves.

For failure diameter tests, we would suppose that holes in a

confinming wedinm must be fabricated with precision, since irregularities
are expected to produce failures. For instance, with mitromethane ai
abrupt increase in pipe d:ameter 15 used to prevent propagation of
detonation through pract:cal piping systems. For the compounds of
interest here, the exact quality of surface reguired for holes in lead is
not known. However, 1t was found that holes could be made in lead with
a mrror-like fimish so that there was no reason to accept any visible
irregularit rocess of fabrication consisted in forcing a round-

1es. e
ended drill rod through the lead with 2 driil press. The flow of lead

4R. W. VonDolah, R. W. Watson, F. C. Gibson, and C. M. Mason,
International Conference or Sensitivity {(London, 1963), Session 1,
Article VI

b
£
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aroang the rod al ress.ng parently produced ne dens:itv above

e

was no evidence of spring-bac

¢ strength of tead s extremely low,

sarmnple some oxidat.on took piace before the photograph was taken.

On the right s a sim.lar unsectioned block after firing with 1, 2-DP,

Al x1x2:inch block containing a 1.39 mm hole 1s diagrammed
it Fig 7 The bottom 1s closed with a Tedlar film 0. 001 inch thick
glued with epoxy cement. Care rmust be taken that the glue does not
occiude the hole. The booster 1s a 3.1 x 3. 1 mm pellet of RDX pressed
1o a density of 1.067 gm[cm3. Thne detonator :¢ a Dupont #311B. The
tubes were carefully filled with liquid explosive by means of a micro -
syringe before the booster was attached. It was then possible to

inspect over a light for entrapped air

Shots were fired with 1,2-DP with a variety of booster strengths
{mnnuum si1ze was that spec:fied for Fig 7) at 6 35 mm, 3 lb mm,
I 39 mm, I. 14 mm, and 0.81 mm diameters. No fa:lure was encountered.
Figure 8 shows sectioned billets from 1, 2-DP firings with two sizes of

hooster at . 81 mm diameter.

Only three shots were fired with 2,2-DP. All were at 0.81 mm
diamerter and all fired. The billets were indistinguishable from the

correspond:ing 1, 2-DP shots.

Fourteen shots were fired with IBA at 0.81 mm using two sizes
of booster. Fifty percent failed, all of them within 10 diaiaeters of the

booster. Secuioned tuves are shownn Fig, 9.

We have concluded from these results that the fa:lure diameter

{ IBA in lead 15 very close to 0.81 mm while the failure diameters for
1,2-BP and 2,2-DP lie some distance below that value. Just how far

below depends somewhat on the interpretation put on the two expansion

ilameters seen clearly 1n most of the hillets.

ot
)

CONFIDENTIAL




CONFIDENTIAL

| N
icm

RA-405:-i104

FIG. 6 TWO-INCH LEAD CUBE, ON THE LEFT SECTIONED TO SHOW THE INNER
SURFACE OF A 1 4.INCH HOLE, ON THE RIGHT, A SIMILAR CUBE
AFTER DETONATION OF 1, 2-DP
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FIG.7 DIAGRAM OF A 1.39 mm TEST LEAD BILLET READY FOR FIRING
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— 12-0P bl e 2]
b 48 (domimm x 5 Smm ROX BOOSTER — L 3imm x 31RDX BOOSTER }
RA-&40%t-i03

FiG, 8 LEAD BiLLETS SECTIONED AFTER FIRING. The hole diometer wos 0.81 mm,
the explosive 1, 2-DP On tre left the charges were bonstered with 4.8 tdiom! mm RDX
ot 1.67 g em . In the center the heie was filled with sugar solytion - L% g em’ .
wnstead of 1 2.DP  On the r.ght the RDA boosters were 3.1 mm 2.1 mm ot 1.67 g cm.
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RA-40%1-104

FIG. 9 SECTIONED (.81 mm LEAD BILLETS AFTER IBA WAS FIRED WITH
3.1mm - 3.1 mm RDX BCCSTERS. Foilures were recorded for one haif the shets.

21
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Tas eXusteno T 0Dtwo < .pansion diameters might ve a phenomenon
O Uallel.OT Wltn tle aetonziion lormuing at the rear surface and over-

ax.ny the shou< atl the point ndicated by the expansion. However, there
Iy

are Several facts tnat contradict such an interpretation. First, unless

.3 unizkel, WO woould not expeet sminiation to take place by that mode 1n
this geometry even thoucn 1t has been observed in plane-wave experi-

ments. Second, .n homogeneous nitiation the pressure in the region

near the booster :5 supposed to be very high and to {all after the over-
driven wave breaks through the shock front. Thus this sequence would

The distance that the "low-powered' wave travels in the lead

o

efore trensition is fairly reproduc:ble {or a given booster and seems
to depend on the size of the booster. I Fig., 10 are shown some b:llets
fired with mnadvertently wezk composite boosters. Here the distance

ed betore the trans:tion varied, an effect due to the variable

strength of the boosters. It will be noticed that in one case the wave

naver made the transition to igh order." Although the diswance

traveled was only 30 mm. it amounted 1o 64 charge diameters.
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The theory of fa:lure dhameter has been demonstrated for these
particular compounds 1in Ref. 1. At that time the failure diameter, even
ought tu be considerably larger than present experimental
results demrounstrate. In Fig. 11, corresponding to Fig. 26 of Refl, 1,

the constants in tne cquation for the reaciion raie constant are plotted.
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[_SUGAR__j
SOL'N

Ra-40% 02

FIG. 10 SECTIONED 0.81 mm LEAD BILLETS AFTER 1, 2.DP WAS FIRED WITH
COMPOSITE BOOSTERS WHOSE ACTION WAS SOMEWHAT WEAK AND
IRREPRODUCIBLE. Attention is dwected to the billet on the extreme night

which shows that the wave traveled in the weok mode for 64 diometers.
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FIG. 11 KINETIC FREQUENCY FACTOR AND ACTIVATION ENERGY RELATED
WITH FAILURE DIAMETER AND SHOCK SERSITVITY
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ot &R actsatas ty (see Sccton 1T} woalc place l,Z-DP, 2.2-DP

Cal DA wt wtre soeued trapesod There s still 8o much doubt ahout
‘e rezction aovetoos 2nd fne diameter eilect for these explusives that 1t
15 mp2ssidie (o say that predictions 2f the theory are confirmed. How-
- er. the reiat.onsinps between the varicus properues of the explosive

pzye beur ael.neC. and as the daie becomne mute prec.se t

the tneoret.cnl assumpuions can perhaps Le assessed

Further work :s planned on the failure diameter of mtrumethane
114 IPA mnlead This wili consist of tosts near the failure diameter t0
defime more «learly the siat.st:cal nature of tie % firc-vs-diameter curve
and to confirm that the correct booster s1z¢ i3 being used. For 1,2-DP
2 measarement of the velocuy of the slow wave will be made. An attempt
« .1 e made to aetermrine the faillure diameter of tiwesz explosiies in
amsther material of low sound velwcity. Finally, special tests will be
made to determ.ne the expansion angle, firstin lead and later 1n whatever

other material proves satisfactory.

[
(V)]
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CONFI!DENTIAL

THE A\AL DECOMPOSITION OF N¥ COMPOUNDS

{ Theooose M:lL, Dav.d Ross. ane Mar.lvane Smart)

4. Introdact.or

Prev-ous - ari ..as ». 2w tha. the bis{difluorcarmino)propane
ssomer: and IBA .nae s ;o tacrmal de.ompos:tion by the el:nmnation
oi HF. The e¢lin:nato: 's markedly accelerated in the presence of
acrds (HF and HCl), ncatral salis (KCl and KF), and even at room temper -
ature he bases (pyridin- «rd sodiu butoxide), ‘Surface effects which
were noted i the trnerm ] udeomposilion reactions may also play an
rmportant rot 2 somre ot 1oe reactions involving additives. In order
to define the mechaniste fcat.res of the acid, base, and salt promoted
reactions, we have begun aa e~amination of HF elimination 1n homo-

geneous systems w.th 1,2-DP at or near room temperature.

B. Ehpunation of HF rrom 1, 2-DP

!, Base Promoted Elhiraination

Tire decomposition was nvestigated in bases of various strengths.
An 1mmediate reaction resulted apoa 24d:tion of 1,2-DP 15 0.7 M sodiu:
butoxide 1n n-BaOH. Titration for remw.ning base :mmediately after the
addition snowed that four eqanaleats (4 02 and 4.09 :n twn separate runs)
of base were used per equivalent of NF compound. No products were

wdentified. Upon acidiiication only water-soluble materials resulted.

The react:on of 1,2-DP with triethviamine at room temperature
was stud:ed (via vapor-phase chromatography) with mitrobenzene as
solvent. In an equimolar mixture (0.2 M) of 1,2-DP and triethylam.ne,
the NF compourd slowly d.sappeared with simultareous {urmation of
Yo(N-fluoroirano) propion:trile (NFP). 1,2-DP completely disappeared
in twenty hours. The imino ¢ ™mpound, accounuing for more than 80% of
the starnung mater:al, was unchanged aiter several davs and apparen:ly

stabic under these conditions
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Simes Toec ronccades of HF must be ehiminated irom the
storiny NF oo sand ta forey NFP, the fact that one equivalent of
: goves 2 eghviete of NFP rast be explained It 1s concewvable
that o2 res:itag taetnlazmraonmam hydiofiuoride 1s awself mvolved
inthe elirmatior r==- o1, (As ndted inthe {Gliowing sectron, neurral
saits bave Heel JSEIVEen 1o tatalv. e the decomposiiion, ) Alternatvely,
the antermediate imnd-compounds I andoar 11, ‘ormed lin'ough a single
elimnation. mav eas:ly underyo Jurther HF :l'minatios, either spon-
taneo isly or du= my vapor-phas. chromwatography, 0 mive NFP  Neither

ol these intermrewa’e ompounds has teen detected Oy 3. 1-¢.

i 2
CH; - C - CHL,NF, CH, - CH - CH= NF
I 1

In another exper:mert, taree equivalent: of triethylamine were
added to 1,2-DP (0.2 M) 1n n:itrobenzene. All of the 1,2-DP disappeared
immediately The integrated areas of the chromatogram indicated that
NFP was formed 1n 93% yield (y1eld based upon starting NF compound).
Six percent of the 1. 2-DP remained unreacted. A chromatogram taken
twenty hours after imtial miung showed no NFP remained. No other
wolatile compounds were detecied; apparently the iminomtrile reacts
writh triethylamune 10 vield nonvolatiie materials. Sodium acetate in
mcthanol (0.2 M), 3 much weaker base, effected a slower el.mination
ard gave NFP v hick d:d not disappear on standing. The reaction of
sod:um acetate with 1, 2-DP nad a half-life of ahout 24 hours compared
with less than a minute for an experument watk triethylamine at the same

concentrat:on of reactants

2. Ac:d and Salt Catalyzed Elimiration

Althoggr both HCl and HF catalys:s have been obsesved with
i,2-DP, the mechamism of tms catalysis :s by no means clear inasmuch
as both KF and KCl also catalyze the decomposition heterogencously.
Experiments 12 methanol at 50% with 0.035 M 1, 2-DP and 0.2 M HQ)
23w . tenfold inirease in rate of disappearance of 1.2-DP compared to

-
2%
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sciriadwitns.t acia The same concentration 3 p-toluene-

st - al. ay ¢fieci.ve Lath.um chloride gave rise to an

zoceliration sl lar 10 HGC-, aad Lx(':iO_i snowed some aoceleration.
S.nce percalorate on g ot nuclevph:lic. these results suggest that
*he catal sis obseryo2 here 18 assoc:ated in part w.th a mediom effecd
a1l o4 pait with anistac catalvsis The relativels slower reaction with
the strong sulionic ac:d tentatively @ .dicates that acad catalysis s less
important than either 21 the otber effects. This conclusion 1s surprising
in view o! the obser ed and unigue ac:d catalysis observed wuh alkyl
and acai fluorides. ©  Additonal, guantitative experiments using
CF3COOH are pla.aed
+

C. Kinet.cs and Mechanism of Decomposition of 1, 3-DP

1. Deccomposinion of I, 3-DP 1n Nitrobenzene

The rate of decomposiuion of 1, 3-DP 1n mtrobenzene was
studied over the temperatyre range 176-200°C. Asin previous work;
sealed glass capillary tubes lined with sodium {luoride were used as
containers These were held at the desired temperature for varying
lengths of ime, removed from the bath and cooled, and the contents
analyzed by g.1. ¢ Difficulty was encountered in that the 1, 3-DP
decomposes on moast sa:tadle columns under operating conditions,
inciuding the didecviphthaiatz colamn usec Sor the other XF ccripounds.

However, {air reproduc:b:litv could be ok.amea w.h a DC-710 column.

If 1.3-DP decomposes by an HF elimination mechanism similar
to that by which the other NF compounds decompose, an expecied
product would ve maloron:irile CHZ.(CN)Z' A small amount of maloano-
mititle 15 1n fact formed and was ident:fied by g. 1. ¢. However, the
major proacucts were a very valatile component with an elution time
s:m:lar to that for a:r, possibly HF, and a dark brown tarry comporeént.
Ti:s latter proaact has not been 1dent.fiegd, but 1t 15 not malonomtrile
d:mer, CN-CH=C-CH,-CN, or the basis of tne infrared spectrum.

NC XNH, -

-

(¥

C. G. Swa:n and R. E. Spalding, J. Am. Chem. Soc., 82, 6104 (1760,

z8
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2. Devompos uonan Gas Phase

!, 3-DP was Jdecompostid at 190°C 1n 2 dried pyrex bulb at 2
pressare of 5¢ mzﬁ. A{ th:s temperature, the hal{-lLife was about
35 hrs. Thc bulb was then broken open under < ccuum and the
volatiles pumped ot for analysis oy mise wctrometry  The major
gaseous products were 41.4% CO,, 33.3% CO, i2.5% 5:1F, 4. 2% N,.
This accounted for about 10% of the 1, 3-DP--the remainder having
formed an adherent trown coating on the walls of the vessel. Elemental
analysis of this brown solid gave: C, 16.47%, H, 3.86%; N, 17.3%;
F, 41.3%% Ash. 1.27%. All the fluorine 15 1onic tn character. Formulas
calculated from analysis and adjusted to correspond to the original
nitrogen ratio giver O, il ZNZ. oFa.¢o°
and 1.0 F, pari of whicn were ubserved in the form of CO, CC).ZL and
Si\F

fluor-nation of 1, 3-DP, 1ollowed by cleavage of a cyano group, possibly

This formula 1s short 0.8 C
e The data indicate that the residue results from complete dehydro-

after condensation and hydroil.sis onthe walls of the vessel.

3. Effect of Solvent and Possible Amid Catalysis

Various amounts of chloroacetic acid were added to solutions
of 1, 3-DP {0.052 M) in both nit ‘obenzene and chlorobenzene. These

-y O
were then thermostated at 176 C for 90 min. The results are shown

" 1n Table IV.

Catalysis obseryed 1a nitrobenzene may be due to ch'o: sacetate
10n rather than acid catalysis, the effect being analogous to the acetate
10n catalyzed elimination observed with 1,2-DP in methano!, discussed
above. The siriking difference n efiectiveness of the acid in nitro -
benzene and chlorubenzene 1s probhably due to the greater degree of

womization of chloroicetic acid 1n mitrobenzene.

Reaction With Base. 1, 3-DP readily reacts with triethylamine,

pyr:dine, and sodsum butoxide. The major product, as in the case of
the thermal decomposit:on, 15 a dark tar. Infrared spectra show that
this tar :s rot malononitrile or 1ts dimer. No volatile products in any

quant:ty were detectied by g.l.c.

23
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Table 1V

DECOMPOSITION CF 1. 3-DP ai 17 FOR 90 MIN
-

IN THE PRESEN

E CF CHLOROACETIC ACID

% 1, 3-DP
femairning

Solecnt Councentrat:on of
s Acia {mole’Inter)
Nitrobenzene 2
Nitronenzene a,11
Nitrooenzene g, 42
Cklorohenzene
Chlvrvhunéein [(
Chlorobensenc 0.3
Chiorobenzene 0. &0

290
12

0
91}

D. Future Work

I estigation on the effect of acids and bases on the decomposinion
vi 1, 2-DP will cont:nue with possible extension to simlar systems

-containing 2, 2-DP.
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point, and mestin a po i i L

paths. - -

3. The detonation velocity of explosives is a repFoducible fuhctididf

e

envirgonment.

Our notation is as isllows: -

P = lengthi of MDF, the subscript denotes the particuia¥ b¥aneh

Lol
"

length: of MDF from tetryl booster that initiates the explosive
on witness plate
V = detonation velocity of any P with cor: esponding subscript.
V. = wave velocity within sample
V= detonation veldéity of standard explosive used
L = distance between opposing points of initiation for each sheét
explosive finger
x = point at which detonations mest: measured from MDF
ds! = distances between MDF 61 sample cup
dw' = distances bétween corresponding sirips of explosive on
witness plate
ds = distarcé from tetryl pellet to first MDF
dw = distance from the start 1o strip 1 on witness plate
#.+ = small, unknown, but reproducible delay or induction times

in transition irom cup to MDF and MDF to EL-506=D.

wo




he 1ime Fecnired for the detonation 10 travél ffom the tét?‘jl
through the sample cup, the first "finger" of MDF and to point k; in-
the skect explosive is:
P x
ds 3 1 :
t- = tptgs Tt (1)
‘s V: w
The time required .or the deténation to travel from the teiryl thidigh
the “start" branck of the ME™ and to x, through the shéet explosive
from the opposite directioh is:

. Po dw L= * i3
' =g Fp gt S 12)
o w w
Equating (1) 2nd (2) and Fearranging téims:
as Fo Byoaw LoE )
V.V v v,V ¢k
8 [+] 1 w w

Similarly; by equating the times of travel from the tétryl to péint x;

ifi the sécond fingér of Shéet éxplosivé:

ds_+_ds' po _pz 5 aw_d dw'! E:z};_ - 4)
v = ﬁ.— N ————v + _V =R
s o 2z w w

Subtracting (3) from (4} and noting that P, 2P, and V, 2V, :
7 & il @)
V; dw' +2 {x, - x;) Ny

V. ds', dw'aré conditions of the experiient; x and x, are
meadured; therefore V, can be calculated:

As2



