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PHOSPHORUS FILLINGS FOR MUNKTIONS Bue, 20

Pregrens Roport on Work Porformod in the Periol Obober 1

to Dycember 81, 1946, Under Contract W-18=050-(ilif~ 1318

suusny
N

ContdnuetTon-ol fhe study of phosphorus [illinag Lor munitions
wmer conuraeb- ¥=1l8-080=(wS=1518 has included investipgt ilm of plastics
that sy W hardened ut room tomperaturs. laboratory pecepa rations of
urva~-Tform ldehyde, ureseturfursl, furfursl-formaldehyds, mnd furfursl-
benzaldohyds plestice have Yoon mede, and two commorclel @sting ronins
haw boon bested, ™

CPrelindnary swul lescale firing teats huvwe irdioated that
mizturey of hard plactics andl granulnbed phosphorus haw onevhat tettoer
burning charactoristics than hus slementel phosphorve aloow . Fe—was—
foumd, howevar, thet the bursiing churge 1a a criticel fsador in the
perfomnice of n pheapher{zs 31240y, and 1t ie oassumed thmat 14 will be
meeorsury o procurv or develop u wuitable combinaticn ofif burster wund
congvainer to obludn the moat satisfactory rosults witha gwen £11lling.

Further study of mixturzg of each of soveruwl pHlustics with |

granulatcd phosphorus is planned, Methods for wore cxect® cvraluntion of
mixturss Lo o subjected to ficld firing tests wre bolng orisidersd.
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PHOSPHORUS FILLINGS FOR MUNITIONS 4y %F Py ‘

1!4 5'000004? |

Propgress Report on Work Performed in the Period Ooctober 1 . 7'10‘

to Degembor 31, 1946, Undor GContract W-18-00b6-CWS-1318

Previous work on phosphorus fill)ings for munitions hss shown that
mixture 8 of granulated phosphorus and hardened plamstics burn st satisfactory
rates when ignited in the air. Ths work cowred by the present report
comprised a continuing search for suitablo plastics, a further inwestigation
to determins the ophimum particle size of granulated phosphorus for the
fillings, and proliminury {iring tests four evsluation of oexperimental
fillings.

PRIEPARATION OF CHARGLS FOR FIRING TwSTS

Cherges for tle exploratory firing tests consisted principally of
granulated white phosphorus in synthotie resius und plaster of Paris. Two
charges woero preoparsd from phogphorus-gullur compositions. Charges of
magsive white phosphorus served as combrols. All tho charges were retained
in glags containers.

_&@.term 1

Uren«lormaldechyde plastics my te prepured readily Ly dissolving
wee in wsyweous formaldohyde und sdding an acid to evccelerato solidification.,
The mole ratio of furmldehyde to wrva may bo varled from 1.9 to 2.5; inecrease
of the ratio inorevases the time requirud for hardening of the acidified
composition and decreases the hurdness of' the produect. Such preparations
shrink sipniflecantly on standing. Sulfuric acld was found to be a rapid
acoelerator and acetic acid u slow one., Citric acid proved Lo be less active
than sulfurie acid but sufficlently rapid for use in the preperation of
mixtures contnining granuluted phosphorus, The ureca-formaldehyde resin
uged in the preparation of phosphorus fillings ves prepared with 2 moles
of formaldchyde, in 36 per cent aquoous solution, per mole of urea, The
mixture was scoelersated with & per cent, by weipght, of powdered citric acid.

A condensed wrea=formaldehyde resin wus prepured by the method
of Ripper (kllis, Carleton, "Phs Chemistry of Synthetic Resins.” Reinhold
Publishing Corp., New York, 1935, p. 594). A wixture containing 2 molos
of formaldehyde, as neutral 30 per cont solution, per mole of ures wae
refluxed for 10 hours with about 4 per cent of boric acid. The solution weas
thon evaporated st $0° §, undor a vacuum to form & thick sirup. The sirup’
solidifiecd upon acidificution, but more slowly than did the uncondensed
reagents. The product was tougher, however, than that obtuined from the
uncondenscd reagents, The condensed resin shrunk on standing, but it
crucked much loss then the corresponding uncondensed rasin.

1Y re
iKY

HGLASS!

%%




Uroa=furfurel resing wers prepared by dissolving 1 mole of urea
in an squal welght of water, udding 1 mole of furfural, ond soldlfying the
mixbure with about S per cont, by weight, of clitric acld. The product
solidified but cracked badly when allowed te stand in the air.

Furfural and formmldehyde im a mole ratio of 1 to 1.5, upon acldi-
fiention with concontrated hydrochlorie acid, formed & resin thet appeared
to have satjefactory physical properties, A resin prepared similarly from
furfural (1l mole) snd benznldehyde (1.6 moles) first appeured to hove satis-
factory propurtics, but 1t checked budly and disintegrated into relatiwly
large pieces on gtunding atout b weeks in the air. loth reclns were very
slow in scbting at room temporatwe; sevural days wore roguired to form &
solid strong enough to be removed from the mold.

Tho commercial costing resing, Durcz TdzlA, produced by Durez
Plastics wnd Chemteels, Ine,, and Duralon 30, produced by U, 8, Stongwsre
Co., alue wero studied. ioth resins formed hurd, tough solids at room tem-
perature vhen treated with the accelerators supplicd bty the msoufacturers.

Plaster of Paris was preparcd by heetving pypsum. Custing pluster
has becn wrderod,

wxplorstory tests with wood lour upd with short lengths of glass
wool indicated that little, il any, adventape wes obtained Ly the use of
fillers io the plastics, und the investipgation of (illers hes bteen sussended.

tUrunulated phosphorus wng prepered in n jot grsnalstor in which
molten prosphorus flowed by gravity thwroupgh o glase Lip iate o vertieal
columm of cold water that had bion seuded with colleidol solid phosphorus
by adding s siell smount of a solution of phosphorus in alcvhol. The
seeding o.r6ets the marked supercooling characteristic of white phosphorus.

abtempits Lo propure sshores of phosphorus 8§ 0 9 naw in dilameter
nwere only vartiully suecessful, Although such spheros could L¢ molded, the
progpoctive regults did not apprar to warrant tho timo and ¢ffort that would
o required to prepare the necessary wold. Fhosphorus was coagt in & sheet
about 9 mw, thick, omd tho shoet wng chisclod by bend into rough cubes.
ihe cubss werse pluged in e ball will with about twice thoir volums of 13 mm,
silica psbbles and o nough vater to cover the mixture. After 8 hours of
milling, the phosphorus particles wero slightly roumiod oules, The proceas
is unpromising,




Wesurementes of the welght of o kavws volume of graoulsted phosg=
phorus, compsoted by stirring, indiceted thab the interstitisl spaces listed
helow were to be oxpseted in the various forms of gronulated phosphorus:

Form of phosphorus Interstitial space, %

Jeb granulated:

Zemm. jet 49
1.3=mm. jot 3G
O 8=mm. Jet 34
dtirrer granulatod 44

Ballemilled purticles

Approx. 2 mesh &6
Approx. 4 mwesh 87

Cust cylinders of wpprox, equal
dlaneter and hel pght

i
h

Llquid outecbic phonphorus sulfide (B0 ) was prepared by mixing
molten phosphorus with lump sulfur. The phouphorus was s dark-~colored
product cootuining about 1 per cent of lwmpurities. 20Uer starding for
sovural deys, the mixture was still heterogencous, und filtration through
8 gro g8 Uilber separated it into s liquia and o copery-yellow semisolid
that wag slightly rubbery and had the consiswney of very soft putty. The
putitylike waterial, which ignitwd av rowdily vs ¢lumental phosphorus and
turned vigorouwsly, waa vroeparced for a {iring test. Unlfortwintely, the
buraster failed, snd the sample was lost. Attempbe sre belap wade to
roproluwes the puttylike msterial.

Filling the Containers

The conteiners for the solid charges viere 1850 wml, Pyrex beakers
abouti 7.0 om. high and b,3 om., in dlemsiur, Buroter wells were 7.9=-com,
lengths of Pyrex tubing senled at one ond aund of appropriate dismeter to
receive the burstoer,

. In cherging the beakers for firing tests, 135 ml. of granulated
phosphorus wag pleced under weter in the boaker, the wateor was siphoned off
while & stream of curbon dloxids wes directed onto the surface of the phos~
prorus, end sufficiant liguid rosin was added to fill the interstices in

the phosphorus and provide a - to 1l0=mm. layar of stralght plastie on top.




The burster woll was insertsd sxd the churge allawed to shand uabil tho

plaatic set., Charges of massive phosphorus were prepared in the beakers
by cooling to solidification 136 ml. of molten phosphorus with a burstor
well in place, Tho water covering the phosphorus was poured off and the
phosphoruy wiped dry and coversd with a layer of plustic.

Containers for the liguid 80~20 phosphoruse-sulfur eutectic wers
fabricatud from glass tubing to approximate the size and shepe of the
150=ml, beakers.

Boakers filled with massive phosphorus contained about 245 grams
of phosphorus, Beukers filled with gpranulated phoaphorus gensrally
contained betweun 135 and 160 proms of phosphorus, depending upon the
void spaco in the granulated phosphorus, By comblning grenulstud phog-
phorus of different partiele aizes %o miuimize the void space, mixtures
containing 80 per cent phosphorus, by weight, or 210 grams per charge were
prepared,  The volume of the phosphorus £3)ling in the bsakers, jncidentully,
was about 60 per cent of the voluwe of [illing that can be pleced in tho
M1B grenude.

FARING TRLETS

e e SR R e ot A o St e

In most of the firing tests tho burster wag a beom. {Z-inch)
firecrackur stommed with o little moist verth. a slow fuse, prepared by
soaking soft cotton cord in a stirong solution of poteselum pitrate und -
drying, wiis tled to the fuse of the fireeracker amt ignited. Whe method
and materisls proved to bo saf's, quite rolisvle, aud sufficiently
reproduci ble for uso in exploratory liring tests.

fn one series of tests, Primacord Bickford waa used ag the
burster. The Primscord was inserted into an 8-man, well, or suspended in
an 18~mi. well, or pucked into an 18-mm. well with four short lengths of
Primacord. The Frinmcori was @aploded with a No. 6 electric bluacting cap.

In & few testa No. 8 cups alone wore used ag unstemmsd bursters in 18emm.
wells,
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Tonte of Varicus Plastlc Composdtions

In the first firing tost of phosphorus-filled prepurations, Jet-
granulated phosphorus {about 4 to 8 mesh) was mixed with various plastie
compogivions. The plastios were uncondensed urca~formmldehyde, condensed
wrea=~formeldehyde, wes~furfural, and ursa~furfural mixed with glass wool
that had teen cut in half-inch leagths. The preparutions were exploded
with firecrackers, Two contuiners Alled with massive phogphorus were
fired for comparison.

The individuanl shots were evelueted by chserving the tlme of
persigtence of a screcning smoke, the total tire of burning, the muximum
distance particles were thrown, and thu size of thy lagrger particles
senttered by the explosion, The totaul time of burning was teken as the
time in which individual particles continusd to omit a fairly steady,
although wmwll, amount of smoke,

$1light pillaring occcurred on explesion of tho straignt phosphorus
oharges but not ou sxplopion of the plastic~phosphorus charges. Beecsuse
of the small amowit of phosphorus in the charges, the persistenco of a
sereoning gmole in the varlable, about 16 m.p.h., wind waa congidered to he
relatively insipgnificani, The maximum distance particles were thrown by the
explosion varied from 20 to 40 yards, but these data also are of little
gomparative value, for many pleces were thrown to helphts of 15 to 20 yards.
It was observed, however, that the straight phosphorus was frogmented into
fine ploces amd produced smokes for l.% to 2 mioubes, whereas the plastio
compositions cach produced mumerous particles &/4 inch und mors aoross that
burned for l.b to § minutes., The best results, as meagurad by burning time
and size of {ragments, wore obtained with a mixtwre containing condensed
uren=formaldehyde rcein which wes 8o visoous thut complete sotting to a hard
s0lid had uot oceurred at the tims the charge was fired, Addition of glass
wool [iller to the ures~furfural mixture appsered to be detrimontal, for the
fragmontation was increased arnd the burning time docrewsed in compariscn
with the charpo conteining only uren-{furfural and phosphorus.

The difficulty encountered in sttempts to vvaluate the several
compositions in this series of firing tests indicated the mwed for a method
of ovaluation in which relativu numsrleal values could be mssigned to &
tost sample to exproas the results of the firlag test, It was then assumed
that & given plzed fragment of a plestice—phesphorus composition would burn
for 8 fairly definite 4imo. It should be possible, thorefore, to count the
numter of pisces burning at various prodetermined times after the explosion
of & test ocharge und thuz obtnin the number of pleces that Luraed for various
lengths of time., The volumes of each of these pleoecs would thea be known,
and the fragmentation of the chuarge could be cetimated,
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A calibration curve wug constructed from cbscrvatlions of the thmm
of burning of oast c¢ylinders, in which the helght epproximately equaled the
diameter, of phosphorus and of urea~formaldehyde~phosphorus and ursa<furfural-
phosphorus mixtures. The cylinmders were burnud onm u mstal plate, Burning
time was teken as the timoe during which a yellow flamo of phozphorus persisted,
A falrly smosth curve of burning time versus volune of materinl was obtnined
with the urca-furfwal~phosphorus mixtures. Cylinders of phosphorus larger
then b c¢. (9 grams) burned completely within ¥ to 4 minutes regurdless of
slze, wnd rosults obtained with urea-formaldohyde«phosphorvs semples were
sowsvhat orratic, The results obtained with the woea-furfural mizxture were
smoothed to yleld the following veluss,

Burning time, min, :‘(E’i‘ﬁ‘fﬁ’.z.ﬁf;
1.0 0e &
1.b 0.7
2,0 L.6
2.9 2,17
5.0 4.0
4,0 7.6
5,0 1.7
6»0 1[!38
7.0 20.0

Lffect of (hanule 8ine of Phosgborus in Urou=Furfucsl and
Plaster of Paris Buges

Charges for the second serizs of firlng tents comprisud ures.-
furlural resin apd pranvlated phosphorus of various particle sizos from
& %o 40 wosh. A few of the chmrges contadniag about &-mesh phosphorus
vore dividod by cerdtoard separastore inbo clther three short cylinders or
four gectory,

The chargpgea wore burst with flreerackers, svd the numbsr of
particles burning after varions pradetermined times aus noted., Lstimation
of the frupgmentution from the volume of the burning pileces proved of littla
sl gnificancs, howover, for the proportion of the total volums represented
by the burniag plecoes genorally was legs than 10 per cont.

HNCLASSIFICE
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In general, bat rosults were obtaived with amall granules of
phosphorus, The charges contudning 40-wesh phosphorus were disrupted ard
thrown so much less violently by the bucaster that 3t wae thought et first
that the burstur had besn defective, Division of the £3illing into & short
ey linderse by curdboard separadcrs appesred Lo Do an lmprovement, but
division of the oylindrical charpe into seetors was without apparont
sdvantags.

The plaster of Parls mixtureeg perforwed poorly in comparison
with the uwree-formuldehyde mixtureu. In one of the plaster of FParls
charges, howaver, ths burster well was placed along the side of the
contadlner rather then in the cuntor. This echarge cospured favorsdly with
the tost of the urecofurfursl seumples, sud it wes presumed thet the strength
and locution of the hursting chorge would Lo fouad to be a criticsl fector
in the perforaance of mixtures of granulated phospnorus and plastic
compositiong.

Bfiect of Type of burster

The thive sericy of firing tests wes mads 1o determine the effect
of high-urplovive bturstoers on chergec of nassive phosphorus, liguid
phogphorve salidde cutcetic, vres=tvrfuralegranulated phosphorus mixtures,
and plaster of Puaricegrunuletsd pnosphorus miztuees, The highecxploslve
burstors vieod Nog G clecteie Llueting ewps aud Primecord Blekford. For
comparison undur the s stmouphoeric econditiors, charges of maselve phose

phorus swl off urwa~fuefuralcepranulated phespborng were tuwest with firecrackers,

Althourn pillering wae marked i shots with the high-explorive
burster:, tho phosphorus sulfide was the cnly molerial that produced the
» paosp j

mushroom type of rilluar. Fillurs obteined ia other shots were of the

relativol: soreight columnesr type thut ig not so objectionable ue the swoke -
wosting mushroom oy o,

A wes oxpoebed, the elarges sort scavitersd wuch lees by the highe
volocity caps wnd Primcord Lhoa by the firecrsexcrs. The sction of the
fugt bursiers geemed to bo lorpely that of » pulverizing turst that toused
the fragrsnts up into LYoo air aid allowsd thun So fall back in the immedimte
vicinity of the explogion; rougildy z guarter of Lhe chargo invuriebly
reymined ln & pile at the sits of the explusion. Tho ures~{urfural and
plaster of Paria mixtures showud mors resistance te frugmentubion than the
rassive progphorus. Charges exploded with the hipghesxploslve bursters
burned about bulf as long as those vaplodod with firsorackers. It was
appareut thet cven upstermsd Wo, 6 caps vure too brisent; for the phosphorus
mixtures,
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One of the ursa=furfurslegranulated phogpherus preparations was
burst with the powder from two firecrackers in an 8B-mn, burater well.
Phe buregter wos stemmed with moist esrth. The shot resembled those
obtained with highevelocity tursters more than thoase obtained with (ire-
crackers. Lven the firecruckers may te stronger than ig necessary er
dasirable for charges in glass boakers.

One of tho charges of straight phosphorus contained lengths of
8-mm. gless tublng, open at both ends, stucked parallel to the burster
well, and filling es much as possible of the space occupled by the filling.
The tubes were both surrounded by and filled with phosphorus. On explosion
of the churge with w firscracker, many of the plass btubtes woere thrown as
far as 26 yards without brewking, but they had little effect on the burning
of the acatterad cherge.

Discussion of hesuvults

Simce all the firing tests wore exploratory, more viriables were
uncovursd than have becn studicd., The Losts huw indiested, howecver, that
the beust mizxture that cun be made from granulated phosphorus end a resin
thut sets up as a hard solid probubly will contain fine particles of phos-
phorus., There has been indieation also toet u tucky, rubbery, or plastic
masas may be batter than o hard, brittle mess.

There is evidencs thut the charucieristics of the bursting charge
and perhaps the locution of the burster in the body of the projeotile willl
ba oritical factors in the performance of the f£illing under {ield conditions,
An attompt will be made %o obtuin or fabricetc s burster thet will produce
oeptimum psrformance of the experimnental fillings.

The most pressing noed is a quantitative method of evaluating
the effect of tho explosilon of the burster on the oxperimeninl filllings.
Since it sppeers that finely granulatsd phosphorus will produce the mosh
satistactory fillings, small~scale testsy probably will give results that
can bo transleted into predictions of fioeld performance oo & larger secale.
Two methods of evaluation are under congideration. One ig o wmeassuremsnt
of the rate of burning of the exploded chorge, and the other is n measure-
ment of the fragmentution of the exploded charge.

The rate of burniug might be wmeasured by exploding the charge in
# olosed chember through which a constant stream of ailr was flowing to wn
exhaust stack. Photoslectric masurement of tho density of the fog in the
stack should indicats the rate of burning. The apparutus could be calibrated
by burning phosphorus st known raves while the sltendard gns flow was
maintained through the chamber. S$trulg:t phosphorus exploded in such u
chamber would be expeoted to ovolve Puly ut a high initial rete which would
fall off rapidly. Dosirable typos of phosphorus fillings presumably would
evolve Py, at a lower rate that would bu mrintsined for a longer peried of
time,




The fragmentation probably could be measured easgior than the
rate of burning. hxplosa.on of the charge in a spray chamber should permit
subsequent determine tion of the size of the fragments.

Measurenents made by either method probadly could be used to
eetimate data that could bte obtained by the other. Lither mothod probably
would permit more ovjective evaluation of the fisld performence of experi-
mental £illings then does the present method of visual obssrvation and
timing of events thut are broken up into & soquence of arbltrarily and
indefinituly defined phonomena. t&ither method also would pormit mesagurement
under eontrolled condiulons,

PLANS FOIt FURTHER WORK

Mixtures of granulsted phosphorus with several plasties, both
laboratory products and commereinl casting resing, are being prepared for
additionnl exploratory firing tests.

M15 grenades will be filled with several of the mixtures that
showed up best in the ficld firlng tusts with firecrackers us bursters.
If the effoet of the MEAAD fuzes supplied with the grenades simulates the
effect of a highevelocity burster on charpes in the small glass containers,
attempts will be mude to secure or prepare btursting churges flor the grenades
that will bo moro sultable for the expsrimentul f[illings.

Experimontal £illings will te preparsd with phosphorus sludge, a
somewhat granulated, lmpure phosphorus obtamcd in relstively smpll quantities
in %he Tva phosphate plunt,

attempts will e made to obtain or prepsre resins that set es
tucky or puttylike massos, and such materisls will Le used in the preparation
of experimental £illings,

il e e
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