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White Oak, Silvor Gprig 19, )mr3kond

UNAJ ORDIANCI. LaBOI{JA.'UflY M4UM~ANDUM 10,30

From% L. Coi'amith\6. Ho/Walt

To& Chiefs Explosives DivLson N

Sub, s ) "A Consideration of IT)X/.:nx LMxtures as a substit"t
,to Tetryl in Boosters,; (Txsk-O ft-476-bP7

Abstrwa This memorandum descriLer the results o1 experi-
moats which were conducted to deteom the
feasibility of replacing; Tetryl as a booster
material with an X/Way. aixture. On the basis
of the expeiments perrorid thus fa, in theZzplosfteq D _ of th"e

his substitution appear; to be not
only _eas le but desirable. Sow. work by otber
groups Is necessary before t can be consideled
to have been conclusively demonstrated.

Soaeword: The factual data presentcd lirein Is believed to
be correct and the opinions expreseed are the
well-consiaered ones of thc authors. The Naval
Ordnance Laboratory is not committed to endorse
either.

Refats (a) Allied and I-nemy ES ,losives, Aberdeen Proving
Gr2ourA Aberdeen, :.

(b) Cook-ohf Test In '/50 Cal. Gun with Autoatic
Loaders, U.S. ;Lvoul Provine (round, Dablgin,
Virginia.

(c) 06hD 5625, Preporation and Properties of RD
Composition A.

(d) ORD 5744, hy:i-U ',,sti of Lx1losives,
Part II.

(o) :OLLi 1003, f the 1-.L Tyjpe 12 Drop-
:' iglt Impact ;::i' ,,,"t 113L.

(f) :OLM I10,336, orz hiit:';ty OS Explosives to
Pare 8hocks.



(g) OGI.D 5746, 1layt cbl Tc-ting of Explosives,
Part ITI.

Lnclai (A) Tables I, II.
(0s) r, ate 1

1. The Idea of uziz1 itX or RVX/Vax mixtures as
boocter explosives Is on obvIu) one ,nd is a thought which
has been advanced by mony peooa Independently. Indeed
during the past war both 4DY. And h, 95/5 RlX/ax mixture were
frequently ased for this purpose by the Gerztins# Italia s
and Japanese (reference p). In this country, because W bh
general satisfbctioxi with Tetryl, Lhere wris no incentive to
carry the hDX/Wax proposal beyond te suggestion stage.

2. ore ruceittly, ho.evr, "cook-off" tests conducted
* with the 3"/50 repl. fire Cun ct tac iWG, DaLIgren, demon-

strated that a Lds-fired round rcr-iniing in the gun for
thirty mWautes could reich u temperature considerably above
the melting point of the '.j.r'1 bo.t)er (reference b). This
once again brou iit uy tia q.-i.3tiln of NDX/;,h. Mixtures as
booster explosives, &iw tue k, tpri. .ents descvibea In the
follorwing psrbkrbph'. ,.E-r, u:,dc'rt. .2ra.

3. It wus decided to includi In tis invcstlgotion
1-DX?/,ax mixtures having the c':..icostions 94/6, 96/4, and
96/2. Those were all remdily prepared by the viater-slurry

ethoa (reference c) frow 10X (..ash) and StanolinW wax
1/0/175, to which two percent by weight of ln:ox 600 had been
aaded.

IIl. Pressin.2.pr oL4r2

4. All the RDX/Wax mixttut could be pressed without
di foulty to give good pollets ot 10 000 psi. Pressure-
desitr curves for the vwrious composatAons were determined
on tl* basls of one 1nah diameter, 10 g m pellets. Two
pel2to were pressed for eaoh oompcnsition at esch pressures

Ar*0 meaured densitLes are reporte in able L,

i, .+ *2 * + :



A sample of proouCtlon LoI'x:;I j a,-'4 ta& inclded fora
eerejce purposos. The det,, of 'iJc I twve been plott

in Fig. 1.

IT. §mnlitiyity 12tA

A. Imact bengitlyIlv

5. Drop-weitht ti:a',ct sesLtivities of theLXAax &Ixtu~res were determium In & group-test usift theLbL Type 12 tools (references d #W ,). The followlgA
reSeats were obtoineds

98/2 27.4

96/4 40.8

94/6 54.2

91/9 89.3

The 5% beights for iDX am~ rotryl uaaer tnase cowmtions
are about 20 co. and 30 ca. respectively.

6. This test, the uataJ, of whieb will bereported in NOLM 10,336, reference (f), is desigi.d tomeasure the relatLve ease with which an explosive nMe
bltiated by a pure shook. The nw.ibr reported rat saexplosive Is roughy the thickuiess of wax tlhrma whAch thetest oap1eoLve con to Anitiateu by a stanard Tetyl bgestervge epeifted oonditions. Thus, the larger this 100 gaP
the me sensitive the explosive. The data obtizd fto
th MeIn.als in question are 6s followe

3 iNOL 10303



1O0/0 . 4 2.33
91I .5,3 1.95

96/4 i.5(', 1.87
94/6 . /1.83

91/9 . d1.73

0: tnis scal, the 50. gLps ob3erved "or Totryl anu pressed

T111 are 2.01" vnd 1.63" respectively.

§esitiVitY 2tO Ifittjflo by ,3lastiJz CAD&-

7. Experiments wwre conmuctcd to deteradne the
sensitivIties of the various coa;jostions to initiation by
electric blasting caps. Tho caps which were bvoilable am
used incluned the DuPont No. 6 seisuiogrzphic, the DuPont
No. 8, and the Atlas Knglneer:i Siecli.1. The test charges
In these experiments were 1 5/8" ,Iito x 1' high pellets
pressed at 10,000 psi. Two conditiviis were investigated,
as follows&

(a) detonator Insertcd in 9/32" dis. x 1/20
deep well,

(b) detonator tbp-tl ;orizotally across the
flat facc of Lje pellet.

8. The resu)ts, sumnarlzud in Table II, indicate
that the 94/6 96/4 end 98/2 compozitto,s cin be reliably
detonated by tie No. 6 cap unoder 0.t i.lr conditions (a) or

1 b). TIhe Comopoition A-3 coul:i be Ir~itisted with the No.
cap only ,rder condition (a). i'he &,,-neers Special Cap'

was required to initiate Composition A under condition (b).

. 4 - mO~a 2,003



,, IHootering oxprimenL3 suggest (refence r
hhe effectiveness of a booter trhe output stead

pOint is bent exproesod by Its rvlative brLsnco at Nao*
UAe4 by the plate-dentLng t &s (reforne S). X tA)e
table below .ae reportod th.- relatlve brisuawe value
(east 'TUT a 100) for the several sompositions preaN4 at
10e000 pesi ogether with vulun for pressed Tetryl and

heist IYe1Qo8Q2L Ud Tkasaa

100/0 1.54 121

98/2 1.53

96/4 140 121

94/6 1.57 119

92/9 1.58 121

Tetryl 1.55 112

TIT (prossed) 1.56 96

It is neon that when the severl 1iD)/Wa. compositions are
pressed at the same pressure, th o roletive brisance is
Udependent of the composition up to 9% wax. 1.11 the
RDX/Wsx compositions oro seen to be superior to Tetry)t
ard greatly superior to pressed .

1(7. Re/~neo ~ T~ea e

10. In order to detcrmnin tho effect of high tempra-
ture on the hDX,x Lutorits, 1 5,8" die. z 1" high pellets
of each composition were , i,-.uv at 10,000 psi. One pellet
of esao componitlon wis5 suajsfm1(v, ,*roa a rak, by inss of"0 wire supsiortal over 0 tl1s8 ,,iati. UiAs es;enbty Wagl thM
laced In 6 forced drvft ovin for rout hours at 165"C

,, 90y)O .4t the *W of this tLme the assembly was remoe
and the pellets er* exMLned.

\~~ ~ ~~O 10.ii 0 - e303



11'. ;:o euduto wbu fowuil In the ;lasu dishes. All
tile pollets had boicn brown in color (Lnsle as well a
Out) except u straight !%DX 1ullet wlich htad been inoluid
&a a control. Thii alowed only sliliht discolorutiflo. Th*
Composition it "pel1t hwd brokor in twoo but the oters were
weighed ind the following wolcht losses dettraineds

98/2 0.41 39

96/4 0.44 21

94/6 0.37 12

12. Tim pelleta were then broken up and sieved, and
their saiitivities were determined In the impact machiae.
In the 1ll'owin table we uave recorded the 50 points
determined before and after heatlug, tnd I- a, which is
the logarithm of the ratio of the 5% poiwhts, A

5_ 0 Point (cm) ..

RtM 20. 18.5 0.0500

98/2 ,,8o8 26.2 0.0415

96/4 38.b 34,6 0.0493

94/6 48.3 43.1 0. 0500

All eiGht scaplea %vere run in the acmt group tont. Althougz
in no sile case do the doti, ruv,)vl t significnt increase
in senwitivity, the Qo]istimcy of the quantity mB - m

suggests thbt if the dotb were ccnsidurod collectively the
change would be found to be ale.nificsnt. It cn, In fact,
be shown thit for the tkirec I,)X/.,nx ixtures tWO change
in sensitivity on heatlug correspo.Adu very closely to zhe
ohange which would be expecteO from the weih los
*ssuizing all the wateris- lost to be wbx. it La not knomn

- 6 .- NoLM 10,303



why the iLUX :)uhlct ho: linltb2i sensitivity ohibngee
This :niy hbve been a iutat.t,tc. acciden~t or the
sensitivity chvnee o :y b-3 m'il- to~ sOA factor other thoui
los. of* wLx. The~ ChCIIL~e La, in tfly evenlt, smull.

13. 'hcua.* stability tests wera rain on the heated
miaterials bnd fniled to revoa1 uny deleterious effects
resultift from tUio lw&tine.

114. 41,e have, now inve3tizA~A tiio following properties
of these liDXL/%lax mixzturest

(I.) ease or pwqpirot [on

(b) pressing~ prcpertic3

- (C) IrAauct 801isVlviLI

(d ) bonoter secicItihy

(e) esiie of InA-to by detoiuators

(Q) resistbnee to M1,11i tc;-nperttres

On the basis nf theo reaalt.- a t iect tests, ttae followin&
conclus ions ~"~lJjuat 11lec.

(a) 16l1 tite .itir: u~y bc prupLi-ru rebalily by
thes u:;uil Co ,T..nv~t~on 1.-3 method,.

(b) ;.11 tiac mixt'u*"- )re.as well to ,Jvc gruod

t.Lcn In Limi ix * c~ed waty b5&iJ Ls eqalt to tnaI.Z
of Totry!V~i~ o conL.Inki6S 2a3 * wax.

m 7 * 3101.14 10,303
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(d) The booster senI.tivity decreases with
Lncreusiug wax contet and is equivslent
to that of retry! at Z; (or sLLhtly leI)
wax.

(e) Uixtures. cotituing up to (0, wax appear to
bt, reliably initiatod by a No. 6 blestng
cap. It resinais, of course, to be deter-
mained thut they will be reliably Wnitiated
by service type lkads arnd deton.tors under
more realistic conditions.

(f) The relstiv, out,,ut of all the compositions,
as meaaured bi the plate-denting test$ is
greeter than that of Te ryl.

(g) The B MO/Wsx mixtures are not seriously
affected by brief (fQur hour) exposure to

A. a ttmperature of 165C. Under the cordl-
tions of this test the wax does not exudeg
thour -own of it is apparently vol~tALAsed
with t resultant increase in setsLtLvLty.
The effect is, in &ny event small, Although
the pellets iare discolored g this trebuteot,
the materials appe&red unchanged in the
vaouum stability test.

15. The replacewent of Totryl as a booster explnsive
by an RDX/Vex composition would &ppear to offer some
sdvsntao9. A Co2position cohutbinhnuz 3-5 wax Is tentative-
ly suggested or thnis purpose.

, C. bciith

S. h. W alton

'&

08. ,
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MICLOtWtE A

rEtaaro-kiity -Ditt -for 'firlas 1X.iax =itIMAc

Pressure Dnil.rc

l000 1.29 1.29 1.29 1.37

2000 1.33 1.36 1.38 1."

4000 1,43 1.45 1.-47 1.50

8001.53 1.55 1.55

10,000 1.55 1 ?1.58 15

14,9000 i960 1.61 i.6o 1.61

RomA&A~ of 121116112n Tgals pn 7:r bim_ HVLAmx itg

No,. 6 LaA'nmit LSIS:'w. - "L,..rtt k

i &. on t Du,~ont Ablo

9193/31 0/3 0/? 2/2

94/6 1/1 3/3

96/4 1 1/1

1 ZMLato nub of oxploetonx /Wiber of trial

a 9 a UNLS 10,303
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