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SENSITIVITY OF MEITAI-HALOGENATED SO VENT COMBINATIONS

irpact sensitiviry *ests wers found to he bepeficial in deterrinine the

ssnsitivity of tariut/Freon "F cormbinations. Because of the widespread
usa of nalocarbons and po*entiallv reactive wefals within the Aerospace
and Systems Group of linrth American Rockwell Corporation 1t was desmed

prudent ‘o axtend the impact sensitivity experiments vo include a series

of mevrals and halocarbons currently in use.

Literature surveys disclosed that very lit*le has heen wri:?‘en in ‘he
e¢eneral cherical field on barium and its reactivitv. Only when ¢the Jitera-

ture surveys include the pyrotechnics and exnrlosives areas do we heein ‘o

find indications of the explosive reactivity of barium and halocarhons.
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This same literature survey also disclosed *hat granular metsls other than
bariux have on occasion reacted unexpectedly and sxplosivelvy with halorenated

sclvents, including aluminum powder with carbon tetrachloride and alurinum i

L SO A BV i i

powder with trichlorcethylens. Thia *ype of hehavior of powdered or ¢ramular
| metals after exposure to suppotedly "safe" solvents raises considerahle

doubt about their safeness™. The‘fpromm descrihed herein was conducted to
determine just how sensitive to impact various metal/halocarhon slurries

are, and ¢, determine, if possitle, if a potential hasard (due to impact)

exists in the handling of more comon powdered or gramular retals in contact
with a variety of commonly used halogenated solvents. e comhimtions
choezen for this program are repressntative of the kinds that are in rener)

use; they include some combinations known to be or likely +o he used in
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mﬁufacwr‘im or labrsmmw opsra+ions at North Ararican Rockes1' “orporition,

-~ Ten diffemm kinds of metallic powders or pranuies werwm ‘*asted with six

different molvents, niving a total of sixty corhinations. & “rief dascriv-

X

sim »f thess particulate 'n_’e?allig materials and solvents is as follows:

."LZTALS <

[

uuminum Powder Revriolds No, 1=511 Atorized Fowler, i3 ~ 3 wicrons,

Reynolds Meia’s Company

Mg Po-mr - 30/50 Mesh Atomised, Harshaw Cherical cm..
™ Powder - Lahare ‘cry sample lahweled " +325 ms)", crwin
a unknown. ,
Ba Shavings = Shavings produced bw suttine up nm’mﬂ Jrm w3 o
: . grenules, Alfa Inorganics, Iuc.
Li Shavings =~ Small shavings cut from an ingot, Lithyur Torp,
: of Armerica.
Ba Powder ~ Pine Fowdar (sire unknown) Bruesh Rervlliur ‘oro.
e, Powder ~ Pine Powder (sige unknown) Rthy! Coro.

Alim.inum Filings Filings produced with a ccarss msp from 3 sheat of

commarcial alnvminur {grade anknown).

Magnesiur Filings - Filines produced with a coarse rasp fror a sheat of
conmercial masnesiur {grade unimown).

Boron Powder = 95¢+7 Purity, averuge particle size lmss than 1 ~icron,
Amarican Po*ash and Cherical Corp. .

SOLVIN"S:

Preon V¥ ~ Yonofluorotrichlore methans, E. {, duPon*

CCl4F

Freon T -~ Trichlorotriflnoro ethana, 5. i. duPont

c2cl3F 3

Carhon Tetre-

cshlorids ~ ¥allinkrodt Cherdcal Works, Analvtical Reacant

ey, (Low Sulfur)

Trichlorcethvlane- Millinkrodt Cherical Works, Analytiecal Reapant
C,FCY.
< 3
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Sclvents - {Continued)

Perchloroethylene ~ Tetrachlorosthviens, Matheson (‘olemn and Bell,

czclh Spactroquality Reagent

1,1,1 Trichlore~

sthane = ¥athv] chloreform, !’afheson Coleman and Bell,
CH3CCJ.3 Tachnical Gruds

The impact sensitivity *est apparatus used on *his progmam {s a alirht
modification of the Jet Propulsion lahoratory [JPL) irpact sensitivite
tester. Basically, *he *est {s conducted by put*ing 2 small sarple (a

few milligrams) of the material tc be tested inside a shallow depression

'.in a hardened steel anvil, then droppine a stesl hall of a known weigh®

from a measured height so that it strikes a hammer which is in contact with
the sample. A "go" on this tester is evidenced by either a flash or a lowd
noises or bo?.h.l. By increasing the drop heicht after each ™no ro® or loverine
the height after 1 "go™ 1t is possible ‘o get sore idea of *he jmpact
sensitivity of the matarial heine testsd. The sample is chanped aféer earh

"no go so that a fresh sarple is used for avery *est,

iinst of the many kinds of testers in current use sppear ‘o ocive a1 Aiffarent
impact sensitivity value for the sams material. For *his reasin §+ is
nanerally necessary ‘o refurence the results oWtained for a nev miterial
arzinst some vell-characterized maturial *aestel on *he same irpict rmackine,
This type of comparison is more meanineful *han an ahsoluts value a¢nted

in some units of vsirht x heicht -0uld be, even ¢houph *hesa a-<olnte vaines
are often quoted (for a oiven ‘ype of taitar} as an indicirtien ¢f 'ha dmpané
ssnsitivity of a racerial, Tre refarerce ~iterial used i ** 14 Orperas vy

Composition B, 2 high explesive consisting ¥ 2 “lent of 2NV -pe "7 Ak

a srall amount* of wax added.
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Host of ‘he mfsﬁso} vent ~orainations testad were run in an {denti~al
rannsr. A quantity (pot veighed! of *he poiviared or srapmlar sarple:
sufficiant *o i1l the cavitv in *he anvi? vms usad in each Seqt, “Than
ths solven! van added in exceés and a'loved *o remain in con‘act *i*h ‘he
povder for about a minute prior *o droppine the -all, Where solvent hqd.
a ‘endency to svaparate, especiallv svident :-ith Freon VF, addi+ion?
solvant vas added at in-*am”!s s0 *hat an sxce=s +as presant 1t 317 ‘irey

up *o the *time of impac'.

- With tests involving barium it was believed desirahle hacauss of the

reactivity of barium with oxygen and moistars ‘o minimige or elirinate .
bmoauro to air prior o the impaz? of *he hall*. Accordinalv, vhenever
barium vas handled i: wee al-ays r,’mr‘.;s iF A7, ATOIY A rmasinere up Wil ‘he ¢
sample could be "drowned” in the solvent, Liihium, also reactive, vas cu¢
into shavings under an argon atmosphere but lems care was taken ‘o exelude
air in subsequent operations. An attermpt was made ‘o winimise axposure *o air
of the alusdnum filings and the ragnesium filings by producine orly enourh
filings at onhe ‘ims for a few tesis, *hen ‘'estine ‘ham verv guickly afeer-
ward. In all the other teats no attempt wvas made +o exclude atr from +he

ratala at any time,

e e it &

*Thare 13 sors avidence (rat moduriie axgcsuse 8 wrior 9 4l loes not
materially affeci i*s sensltivaity. [rlir vo yunmnio, 609 vreassi® yeries
of 50 corbinatione, iv had pasn fo.er [ g Bariier cees T e BRTIgT-

Freon TF combinztion in which Ny 3¢°# L1 W% naoe ax e oAy after
‘the bariup had been cut into shaglirge waive tlasiin: (0 . 5 e Fedghe o %
a S-pound ball. '™is compares very c.oeelv with 2 sl ' . inches wien

the aare S5-pound ball, found durlnz tlie currant ‘ears Feva 31 agposars
was sliminated. 7The difference tetwasn the ‘-inch heisn* ad . Yach heleh®
{s considered to re of 1it+lm mipnificince, prohativ =.7 .y+"1n *he experi-
mental range of valuas rc he axpected fram "iils fvpe F vmer,
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The maximun diop height capability of the test appamtus emploved s 50
inches. With a 5-pound ball, any material *‘hat fails ‘o show anv reaction | ’
at 50 inches is usumally considered ‘0 be relatively insensitive to initiation | '
by ixpact. (Composition B, previcusly mentioned as our reference mafterial, |
showed a 50% probability of detomating at 2 inches on our tester.)

Ordinarily the impact sensitivity heights reported in ‘he literature are

50% probability levels, although in some instances the heigh riven 1e the
10Z probability point. Both levels are arrived at by some up or down svstem
{normally Bruceton uuu') of warying the height from test ‘o ‘est and

require that fairly large numbers of tests be run. In the current program
the objective was more concerned with deterwining the approximate minimum

. height at which a metieli ocourred, rather than determining the statistical |
probability of +his event occurring. Because of ‘he limited numher of ‘ests
run on each combination, it is reasombly certain that *he minimum heishts
given for many of the combinations in Table I are higher ‘han would have

been cbtained hac a larger number of samples heen tested.

The maxdsum height of 50 inches was utilised for *he initial ‘esting of
most combimations. If three consecutive "no go's™ resulted, i¢ was

presumvd thait this particular combimtion was insensitive ‘o impact and no

further tasts were run on *his combinstion. If anv of *‘hese initial *‘hree

tests produced a detenation or flash, the helght vas progressivelv reduced
until a height was reached where three consecutive tests failed to rive a :
go, at which point *esting of *hat corhination was stopped. Therefore the ;
values given in Table I are those heighte at which a reaction occurred at

least cnce out of *hres attempts,
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Looking at Tabls I, a number of *hings are evident. Prohably the most

“evident is that combinmations witl *mrium are definitelv +he must senpitive

of all the combinations ¢ried. This sensitivity, sreatar aven ‘han 1i¢hiumr
gombinations, is at first zlance ~erv surprisina, since li*hjum is 2 memher
of the extremely reactive alkali wetal series, and iz hicher in ‘he elactro-
motive series than harium. However, *he Ssarmin references 1lso shoved the
barium slurries to be bo*h more sensitive to initiation and more violent

in *heir reaction *han lithium slurries vith ‘he same halocarton. The valiue
of 4 inches at which a flash occurred (as mentioned previously, an earlier
serias of tests had given a value of 3 1W) indicates that *‘he hariur-

Freon TF combination h‘a very hasardous one. In fact, Freon ™ comhinations

were among the most reactive with all the metals tested.

The term Mdetomation™ as used here indicates that a loud noise, nsuallvy
aceompwiod by a bright flash and smoke, were produced. There was also

a strong pungent odor produced, and the test apparatus and imrediate vieini‘v
were covered with a film of grey or hlack mterial. None of the oririmal

sarple was found in the apparatus.

Where only flash or heavy sparking was recorded, ’he only noise *hat could
be detected was the background noise produced hy the impact of the hall
striking the test apparatus. In these instances part of *hs original ‘est
sarple vas found ‘o be still in the apparatus, just as it vas when *here

was no evidence of a reaction.

Table I shows *hat nome of the metals gave 2 positive rmaction with 1,1,1
+richlorosthane (methyl chloroform). This might indicate that ‘his would
be a safe solvent to use. Unfortunately, this conclusion 4s no* necescarilv
a valid one. Although the tests show that 1,1,1 trichlorcethane is safer,
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its composition isx vwry »f mular to some of the other solvents, so that under

the proper conditions 1t miynt react much as *hese other solvents do.

Sased on the rssul ~ of this prograr ard on the limited, bhrief litem‘ure
search, there is 1 et'ini:s potential hasard in handliing gramlated metal~
halopenated xcive:- combiritions:. Serious consideration should he given ‘o
the ure of nonhaiosziated nolvents whenever possible, even if 1+ means
increasing the tiarnability hazard of the operation. Adequate measures
{ventilation, ineri atmospheres, grounding, etc.) can usually be +aken ‘o

reduce this flammalility hazard.

The use of an ever-increasing variety of new metals and alloys in industrv
may produce some very sensitive combinations if ‘hese materials are exposed
40 halogenated solvents. Before any halogemated solvents are used with
povders, shavings, chips, etc. of these new metals or alloys the reactivi‘y
should he determined by some sort of impact sensitivity ‘ests as a minimurm
requirement, It might be wise to run other sensitivity *ests as wel),
sines a2 combination vwhich appears to be insensitive to irpact mav he sensi~
*ive to another mode of initiatiom.

These precautionary measures with halocarbons are prohably not necessary
vhen handling large pitces of sheet metal, hillets, castings, or machined
parts, if proper care is taken ‘o previocusly ensure the removal of chips,
cuttings, filings, and grindings from the parent meterial.
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