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tt tOCKETDVNIE        •        A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION 

SENSITIVITY OF ySW^m/y^M^l^ SOI TOP CC^IVAnON*! 

Jrpaci- sensitivity *es*s w*r** found to he beneficial in determining the 

»snsltiviiv of barit>T«/Fr-«on "T corbinations.    Because of *he widespread 

use of iTalocarbons and po»on*la 11»  reactive petals •-■ithin the Aerospace 

and Systems Group of North American Rockwell  Corporation it was deeded 

prudent *o ex+end <the impact sensitivity experiments Vo include x series 

of metals and halocarbons currently in use* 

Literature surveys disclosed that very lit*le has been written in 4he 

«eneral chemical field on barium and it* reactivitr.   Only when the litera- 

ture surveys include the pyrotechnics and explosives areas do we bepin *o 

find indications of fhe explosive reactivity of barium and halocarbons. 

This same literature survey also disclosed that granular metals ©»her than 

barium have on occasion reacted unexpectedly and explosively with halorenated 

solvents, including aluminum powder with carbon tetraehloride and aluminum 

powder with trichloroethylene«   This »ype of behavior of powdered or rranular 

metals after exposure to supposedly "safe" solvents raises considerable 

doubt about their safenessn*   The program described herein was conducted to 

determine just how sensitive to impact various metal Aalocarhon slurries 

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

exists in the handling of more common powdered or granular metals in con+«c+ 

with a variety of commonly used halogenated solvents.   "Tie combinations 

chosen for this program are representative of the kinds that are in reneral 

use; they include some combinations known to b« or likely to be used In 

FORM «<>•-■-1] Rev, 9-67 



A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION 

2. 
t     f 

Manufacturing OP laboratory operations at. North APRrican HocVv*!*   'orporaHom. 

Tfn different kind* of '.metal'lie powders or pranulea mva f«st«-<i with gut 

different »olvent»# ^LiriLng a tot*!, of «ixt^ ccrMnatiors*    A url«f dMcnp- 

*flon öf these partieulate retallit material» and solven+s is as followst 

■KJTALS: 

Aluminure Powder   -   Reynolds No» J—511 Atmriaed F'owier, 13 * 1 mcrons, 
Reynolds Meta!a Company 

Kg   Powder -    30/50 Keah Atefnised, Harshaw Ch*~icai Corp- 

Ti Powder -   Laboreicry saapl« ladled "  *Wi mesh", eri«ln 
unknown« 

Ba Shavings -   Shavings produced hv rat tiro? up no»nnal  J rw * 1 w 
granules, Alfa Inorganics. Inc. 

Li Shavings -   Small shavings cut fro» an xrotot, lithxujr Corp. 
of America,. 

Be Powder -   Fine Powder (sins unknown) Brush Servlliw" "ore. 

9eH„ Powder -   Pins Powder (»is« unknown) Kthy! Corp. 

Aluminum Filings »   Pilings produced with a coarse rasp ?rw a she«»* of 
coronercial aluminuK («jrade 'unknown). 

Magnesium Filings - Filings produced with a coarse rasp fror a sheet of 
commercial marnesluir («rede unknown). 

Boron Powder 95*< Purity, average particle site less than 1 -leren, 
American Po*ash and Cherical Corp* 

gqLVSWTS: 

?reon Vf 
CC13F 

SCI, 

Vonofluorotriehloro n«*hane, E. $', duPon* 

Trichlorctrifluoro ethane, 3. J. duPon» Freon TV 
CjCl^F- 

Carbon T«»m- 
«hloride -   Mallinkrodt. Chemical Works, Analytical ??ea«»*nt 

(Low Sulfur) 

Ihrtchlowethylene-   Wallinkrodt Chemical Works, Analytical Reac-m* 

*o*w «©•-•-ts Rev, 9*»67 



lOCKETDVNE       •        A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION 

Solvents - (Continued) 

Perch loroethylene - Te-rrathloroethylene, Matheson Coleman And Bell, 
C2CI Speetrcquality Reagent 

1,1,1 Trichloro« 
»thane - ttethvl chlomform, Matheson Coleman and Bell, 
CH^CCl- Technical Grade 

! 

The Impact sensitivity *est apparatus used on »his program is a slight 

modification of »he Jet Propulsion Laboratory (3PL) impact sensitivity 

♦ester.    Basically, »he *est Is conducted by puling a small sample (a 

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

in a hardened steel anvil» then dropping a steel ball of a known weigh1 

from a measured height so that it strikes a hamper which is in contact with 

the sample.   A "go" on this tester is evidenced by either a flash or a loud 

noise or both*   By increasing the drop height after each "no PO" or loverln» 

♦he height after a "go" it is possible to get some idea of *he iwpae* 

sensitivity of the material beinr tested.   The sample is chanped *ft*r earh 

"no go" so that a fresh 3ample it; used for «very *es*. 

Host of the many kinds of testers in current use appear *o »ive i different 

impact sensitivity value for the same material.    For ♦his re*sr>n it is 

generally necessary to refurenee the resul's obtained for * nev miteriil 

against some "ell-characterized material 'estei on *he sa^e impact ^cUn», 

This type of comparison is more meaningful  »ban in absolute value s*n*ed 

in some units of veiHht x height rotild be, even though »he** a'-eoluv* values 

ire often quoted (for a <»iven *vpe of tester) as *n indication rf  'pp i"<pi** 

sensitivity of a material.    T> - ref ersre« -\terla1  used  in *♦:* ^rovr-*™ **-»« 

Composition B, a high explosive consisting o* i Meni or ?.r>Y -r-1 """* i-ith 

a snail amoun* of vax added. 

FO»M «ot-t-D Rev. 9-67 I 
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til ►VWB       •        A DIVISION OF NORTH AMERICAN ROCKWELL CORPORATION 

Host of *he r^etal-solvent -ofiinatlons *est*d were run in an ider*^**! 

manner.    A .quantity (pot ve!ghed) of *he pnvdered or i»mn>iHr s*rpl» 

sufficient to fill the eavitv in *he auvi1 ^» used in eaeb *es».    "^»n 

*he solwn* va* added in excess and a7loved *o remain In eon*.%fff «i*b *he 

powder fer about a tninut« prior *o droppinff the Hull»    Whers sol"ent ^ad 

4 *endency *o evaporate» »specialty «ariden* *ith Fr^ön ff, addi*1ow0 

solvent vas added at. ittfar*mls so »hat an excess van present- V «i11  Mres 

up to fhe *ine of inpa?**,, 

With test» involving barium it «as believed desirable because of *he 

reactivity of barium with oaygen and moistar* to minimise or eliminate 

exposure to air prior te the impact of the ball*.    Accordingly, vhenever 

bar!«» was handled it *ee always done ir m, ^r»^ A »-»wspnere uf un^j'!   *^e « 

■ample could be "drowned" in the solvent*    Lithiuir, also reactive, -ms ett* 

in*© shaving» under an a*»on at«*phere but less care was taken *o exclude 

air in subsequent operations*   An attempt, •was and® *o frtniirtlse exposure *o *»tr 

of the aluadnuiB filings and the magnesium filings by produein« »IT enough 

filings at one   *lm for a fsv teats, *hen 'estine? 'h«p very «jalcVW after- 

ward*    In all the other tests no attempt waa mad« to exclude air frw Hse 

Kftttls at any time» 

•Thar» is sore «vidwnc«  trat, taodntm«* exjx*ure ?.<!  •vs.ij.ar--  *• ~, -iir   Uves no* 
materially affect if» seriflt.i-fl.t-y,    Fri-:,r  *o rumu.',.   f.";; a wessn-   s*rie«» 
of 60 combination?, iv, ha 3 b«en fs.**'0   in an (tari*-*-   ■■*?.'    rv   ' >•» '•'-■triir-- 
Preon *?Y combination in wruch no aft M*  '•*** na(1*        **   ' : '■' 1!     *?-mr 
•he bariu» had been cut into shaving  '"'i*-« t LASMJV   »'   .,   ;.   ' r^r. !--*»i**h*  --1 ' "• 
a 5-pound ballt    Thin eesr.pares. verv c'.oselv wl*fr -v»   nl-;-    .' ■.  inches wl** 
♦ he mm« 5-pound ball,  found durtns- the current  'ee»»   ,*<--,-> 'ti- »«pos'ir* 
was eliminated.    The different» between the  *«inch h*!^*   ;;id .'.  '».ach he Mi* 
is considered to he of little «li?riiflcance, proh*> H   >-•,!   .o-'-l.n »h* experi- 
mental  range of values  to >■>« expeated fror  'his  *n*"   • *"  *«*t.. 

»o»* «o«-•-■> aev, 9-67 
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The maximum di*op height capability of the test apparatus emploved ** *»0 

Indies. With a $<-pound ball» any material *hat fail» *o «how anv reaction 

at 50 inches is usually considered ♦© be relatively insensitive to initiation 

by impact. (Composition B, previously mentioned as our reference Material, 

showed a S0£ probability of detent ting at 9 inches on our fester.) 

Ordinarily the impact sensitivity heights reported in *he literature are 

5C& probability levels, although In some Instances the heigh* riven ie the 

10SS probability point» Both levels are arrived at by seme up or down svste» 

(normally Bruceton series) of varying 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 determining the approximate minimum 

height at which a reaction occurred, rather than determining the statistical 

probabili+y of this event occurring. Because of +he limited number of »ests 

run on each combination, it is reasonably certain that, »he minimum helishts 

given for many of the combinations in Table I are higher *han would have 

been obtained hat* a larger number of samples been tested. 

The maximum height of 50 inches was utilised for *he Initial 'estlng of 

most combinations* If *hree consecutive "no go*s" resulted, it wae 

presumed that this particular combination was insensitive *o impact and no 

further tests were run on +his combination. If any of *heee initial *hree 

♦ests produced a detonation or flashy the height t«as progressivelv reduced 

until a height was reached where three consecutivo tests failed to rive a 

go, at which point testing of that combination ms stopped. "Therefore th» 

values given in Table I are those heights at %*icb a reaction occurred at 

least once out of *hre« attempts. 

■T" 
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Looking At Table I, « number of *hln*e ar« evident»   Probably the most 

evident is that combination? wit> barium are defini»el* *h» ?wst sensitive 

of »11 the combinations tried,   This sensitivity, greater even «han li«hiu»r 

combinations, ia at first «lance rerv surprisin«, since li*hlum ia a member 

of the extremely reactive alkali rreUl serin«, and ia hieher in *he electro- 

motive aeries than barium,    however, »he German references   also sboved the 

barium slurries to be bo*h more sensitive to initiation and wore violent 

in +heir reaction *han lithium slurries vlth *be same halocarNm.    "»"he vain* 

of 4 inches at "which a flash occurred (as mentioned previously, an   earlier 

series of tests had Riven a value of 3 inches) indicates that »he barium-» 

Preon TP combination is a very hasardous one.   In fact. Freon *? combinations 

Here among   the most reactive with all the metals tested. 

The teni "detonation" as used here indicates that a loud noise, usuallv 

accompanied by a bright flash and smoke,, were produced*   Utere was also 

a strong pungent odor produced, and the test apparatus and immediate vieini*v 

ware covered with a film of gray or black material.   None of the original 

sample «as found in the apparatus* 

Where only flash or heavy sparking was recorded, the only noise *hat could 

be detected was the background noise produced by the impact of the N.11 

striking the test apparatus*   In these instances part of »he original *esf 

sample was found to be still in the apparatus, .lust as It vns when *here 

«as no evidence of a reaction* 

Table I shows +hat none of the metals gave a positive reaction with 1,1,1 

+riohloroethane (methyl chloroform).   Dils might indicate that 'his would 

bs a safs solvent to use*   Unfortunately, this conclusion is not necesearilv 

a valid one*   Although the tests show that 1,1,1 trlehloroethane is safer, 



its ecmpositxon 1* T«*r> mi nilir to «OR« of *he other solvents, to that under 

the proper cmditl r.s It wlyht react much as *hese other solvent« do« 

Based on the result of this pregraifi and en the limited, brief literature 

»«arch, ♦here in i -iefiniie potential hasard in handling granulated metal- 

halt»(»enated solver.- combirat-lons.•    Serious   consideration should N» given *o 

rhe *ite of nonhalo* e.iated solvents whenever possible, even if it means 

increasing the flaraability hasard of the operation*   Adequate measures 

(ventilation, inert atmospheres, grounding, etc») can usually be taken *o 

reduce this flarnnaMlity hasard» 

The use of an ever« increasing variety of new metals and alloys In industry 

nay produce some very sensitive combinations if *hese materials are exposed 

♦o halogenated solvents.   Before any halogensted solvents are used with 

powders, shavings, chips, etc« of these new metals or alloys »he reacHvi*v 

should be determined by some sort of impact sensitivity »eats as a ndnimaw 

requirement«   It might be wise to run other sensitivity *ests as «ell, 

since a combination which appears to be insensitive to impact may be sensi- 

tive to another mode of initiation» 

These precautionary measure« with halocarbons are probably not necessary 

when handling large pieces of Sheet metal, billet«, eastings, or machined 

P**"**» *U proper «re is taken to previously ensure *he removal of chips, 

cutting«, filings, and grindings from the parent material. 
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