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UHQIASSIFIEU

Pro~~liupot o~aWork .Porfornx~d iri thto P-00 cbr

to Duceinbci- 51, 19116. Wihde~r Coiitx-ut l5OCt-18

CQ~~ttQn-V #o study of phoqphcru-i~ Jfi1in~to for nitwitiono
und&r oi~rtt ~has isic uded innutie~t ion of pl~Atics

that u;Lq- bU. hrkrdi-id ui; room tonipera;turo. kubox'ottory pwopa-ratioiie of
uni-V'o'iw. :idehydu, urcwA-:UurfkugaI,u vuJI-or~idhd, arncl Lurl\,ru.-.

bun ~adollydi pinsta ci h~vw oo tQnj171MC, tAJ).d tWO COMIOnrC181 ~taUlt; IO'niylS

haw) bxooxý Lorýtod,.

J~'~1i~n n~ryu't&) J'~ ~ae i ring t~tuhavo i~riocat;(-d that
Mi-,t-urou ol ha!ord p lrtLtios w.-41 j~nro hý.od phowphoorLuo have 4ncylu~t; bsttvlr
buraiing c.rortii thuxin 4u, ")oi;ono phocjpioruv: 1110ow I no
Tou .hiv. ILV!mr. Iii~t t~hu Vt.c;1 a~ (Chor Is ~cvit f~~ctur' in tho
pbxrlfofnl.Ino 01'. u p hel~i~is aaJ.h,~nd i~t is ociibumed t.-.nat It will bo
Trkcovarý 4;o px'ocuro or, drovalop ua cid;buoorbiraticfioftbibu~rber zArd

* Cor~i rl( to OtAuirl 1tho vio.-:t ~ ¾toyrct~iltis vith ý io filling.

Purtbcr v ttdy of mixt~iv*a ofcF~ch of' Fov-rikl pIJ~l&-isti3 with
* graxUlatc~l pbotophoruo iG pu 1onn:d, tI&AodL3 for :ore cxLuott ,vrxluaitiorl of'

mnixtur-os to tc utr,( ctc~d to f'l:a;1 friog tmaoolis E~t br~is CWrASdký:nd.
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8Ap SS1F lED
PHOSPHORUS FILLINGS FOR MUNITIONS 4 Ol-

Prreoes Report on ýVork Perforned in the Period October I

to Dooembor 31, 1946, Under Contract t-18-0-COYS1318

Previous work on phocphorus fillings for munitions has shown that
mixtures of granulated phosphorus and hardened plastics burn at satisfactory
rates when ignited in the air. The work covered by the present report
comprised a continuing search for suitablo plastics, a further investigation
to determinw the optimum particle size of granulated phosphorus for the
fillings, and prelialiinry "iring tests for evaluation of experimental
fillings.

PUPARbLTION OF CH/ARGiS FOR F'IIdNG Ti!STS

Ohargeo for th exploratory firing tents consisted principally of
granulato-d white phosphorus in synthotie resins and plaster of Paris. Two
charges woaro prupazerd from phosphorus-sulfur comnpos itions. Charges of
massive white phosphorus served as controls. All tho charges wore retained
in glans containers.

M ate ria Is

Urea-formalduhydo plttstlc; nay to prepared readily by dissolving
urea in vqueous Vorrraldohyde tnd adding an acid to aceolerate solidification.
The mole ratio of foerraidehydo to urea may bo vn6ried from l~b to 2.6; increase
of the rat-io increases the tio: required for hardening of the acidified
composition and decreases the hardrass of the product. Such proparations
shrink sitnificantly on standing-- Sulfurio acld ias found to be a rapid
accelerator and acetic acid a slow one° Citric acid proved to be less active
than sulfuric aoid but sufficiently rapid for use in the preparation of
mixtures con raining Liraiuulatud phosphoruis. The urea-formaldehydo resin
used in the preparation of phosphorus fillingo was prepared with 2 moles
of formaldchyde, in B6 per cent aqueous solution, per mole of urea. The
mixture wss acoolorated with Z per cent, by voeight, of powdered citric acid.

A condensed urea-formaldehyde resin was prcepared by the method
of Ripper (NJilis, Carleton. "'The Chemistry of Synthetic Resinu." Reinhold
Publishinr Corp., New York, 1935, p. 694). A mixture containing 2 moles
of formaldehyde, as neutral 30 per cent solution, per mole of' urea was
refluxed for 10 hours with about 4 per cent of boric acid. The solution was
then evaporated at 50 C. under a vacuum to form a thick sirup. The sirup
solidified upon acidification, but more slowly than did the uneondensed
reapants. The product was tougher, howevwr, than that obtained from the
uncondensed reagents, The condensed resin shrunk on standing, but it
cracked much loss then the corrooponding uncondenseod rosin.

A% 4 " rlI" r



13fr'ca-urfuxral r--i6-uapreipuru by diiol e 1 ol of' urea
in antAX3qtxxl weight of' vater, udding I mole) of furl'ura I, and taeidiI'yinq, t-ho
mixtureu with aboyut .5 per cont, by weigiht, of citric ýAvid. ThC product
!3olidified but crackrd badly when allcrnod to atarid in the air.

P~urfural and f'orwaldohyde lin a umol ratio of' I to 1.5, upon acidi'-
fication with concentratod hydrochloric macid, forned a rusin that appeared
to have setierfactory phytical proportio.. A rusin prepared similarly froma
t'urfural (l mola) and bunzaldewhyda (1.6 inolot-) firtit appoarfad to halve 3ati3-

factory pvopuirties, but it checied badly cund dicintetyated iu1to relativrely
larjge piecou onm mit-Lnding about I) woeks in thu ai~r. both ret~inz w~ere vez-y
&lowj inl Sý;ttirng at rooma teinparcAure; sevural dayim were roquired to Iormin a
tiolid u;troyq, e;nough to hxe rtmiovud froam the mold.

Tho corjmzerciaJ ccmFting resina, Duroz 71121A, produce-d by !)urez
Plasticr3 ;aL( Chcmnicelo, Inc., anxl Duralomi 40, produceid by U. S. Stonovwax'
Co., alý-, Q -jere studiud. iPoth recsinr, formed hurd, to.g elidz3 at rooms tem.-
jxvirturco iltwi trteateod with tho accelorators supplieýd I~y -the mrAnufacturers.

I]xzvi.e 01' Pariu. was, prepariod by hoiatinE typcum. Ctsstinhý pluAotr
~s~3ha* mbmr ý,derod.

J.xplorrstovy testG withýY Wood flour mdw wit~h aohrt loxijgthu of ;lazsc
wool iyuliecitod that little, if' any, advant.:1LG w'A* obtainod IV thle oso of'
1'i].lur, io. thlw plastics, und tho invcsik;ijixti~un of' fillors *nL!i tybexn auspundezd.

.'.roriulttsd1 ph~osphorua wao prL-parevd in ta jc 1; ~rnttrin which
lluolten. phiephcra s flowed by gra~rity t~iz ough a. u~s~ Lip _iuxt 1A verticul.
columln oi1 coldl water that hald bun auedc-d ,ith colloitdal solid phosiphorus
by, tddinef- trsvel) -r.movnt of a volution of' photspho rus int aleuhoL 'VThe

dig;c.>~tcthe warked supecooliur- ohukrwctcrist`1. of rwhite phorphorupe.

o~ttumVp-,s to pxepax'e uslurus of' plhosphoru.s 6 to 91at in d iairoter
Or.onily pctrtiaLlly s~uceusrfuT, Althoughi suuýh srpheros could ý;t molded, the

Fvo3Fcc-tivv; rovull;.s did not appLaxr to warrant the tijw and eiffort that would
1,-j reqoauirt, tu prepai,4e the wn(:Qcsary trold. Fhouphuruc was OuOt in a Sehet
about 9 mati. Thiok, and tho sheet wasj chiaclod by- bend Utot rough cubes.

liecubesv vwre placed u.11 a ball mill wvith obout tvice4, their velureo of 13 riva.
,iilica ptsbbl~o and o noup.-h via-Ur to cover the tmixture. After 8 hours of

millin . ih phosphorus particlos were olightly routyled oubtos. epocs
-11is g The procieiss



of'te~'~hIo ow voluille Of granulatod phaoo-
phorun, comrfpocted by stirrinig, indicutud thut thu int-orttit).rl cpacov, liaetod
bolow woero to W.~ uopeotod in tho varioun formiio of' granulatud phoaphuruun

Form of' phonpho rus lntore.titial apaco,

J(!t granulatod:
2-mm. 'let 45
1.3-rni. jut '11)
0. d-n-m. ,jet 3

6tirrcr Cranulatod -

Dall-ntille-.d purticlce
App>rox. 2 mach
Approx. 4 rwoh

Gaat cyliridore of' upprox. eqoraJ.
'11 orv-ter Ekrd hel ght 4

Liquid autoohic phouphorum aulfide (BO/A V) va prfpt-rod by miniing
ifoltoln photphorAue wit Ilmp euu2lur. The pho,ý,povu, zvAe durk-colored
produicd cooatuiningt abc Lit I por uent of i.iipuri.tioi). Afo ata~itmxii for
sowv'ril &ks the mixture wee ti) st- x'oe,01e tcod filtrýAtion through
B. glac Vr ltter seaeciiotd it ixkto a li']uioi and , cetv.ory'-yellow somiBoli3d
that wu3 :iiightly rubbery and hod- tho Of 01Vwro.' ary uolt Putty. I'll(
puAttyliko material, which ignito~d uLm ';4-iy 1ýo o3 JýIlental phoophor~us andr
buzrned vi[ýoroutily, mmc preparud for a firintg, tuest. twfortumntuly, the
bm-stelr fakiled, toid the seunpleýýi4 l~ost. Atbcwptj) axre boiit n~ ace) to
ropr(hAx tho puttyliko material.

Filiinp tho (Gontanarere

Tim containors for tho solid charrym rboro 1bO ml. Pyrex beakers
abhout 7..L cm. high and bi. 3 c.i~n diajmiý:Lr. k3urotor wellse iara 7.b-oin.
lengthie of Pyrex tubing oauled at one end and oP appropriato diu meter to
reoeivo time buratur.

In chEarging the boakors for firing tootv, 165 vil. of' granulated
phosphoros vimi placed under wiator, iii the boaker, the water was siphoned off
while a streum of cýrboxi dioxide vius dlveuid unto the surface of' thle phos-'
phorus, a~nd eiufficiant l.iquid muain woo- ardded to fll the interstices in
the phorphoruc; and provido a -5- to 10-~mm. inyor of zatraight plastio on top.



The burator well was in~soztad PxAd the char-Le R3lOed 'to eti-4 "r-til thO

plastic zrot, C1hergo of raineive phoi~phorua were prepared, irt the beaekoe

by cooling to solidification 1,35 zal. of molten phorphorus wiith a buretur

well in place. Tho water corerine the phosphorus was poured offi and the

pho.9phoruco wiped dry and wzoerd i' t luyter of plautic.

Gontaizoars for the liquid 00-20 phoephoros-sulfur outeotic were

Ikabricatod from glaies tubing to approxijinato the 3ize and shape of the

15 hj.baker~s.

Boakors filled with niueeivo phosphorws aonitained ubout 24.5 gramns

Of p1ioaphOrn ur. Bvukor2s f~iled with granuJlat ad phoaphoru~s gomura 1ly

conta.ined betwoun 135 and 160) e'rrwue of phosphorus, dependint.g upon the

void spaeco in the Eranulatod phosphorius. By combining granrultatud phos-

phorus of different partiolo aiz/ee to miuimxrize the void space, mixturees

containinf, 80 per cont phosphoruzs, by wvi(.;ht, or 210 grams per chargu woer

pi-cpared. Tho volumet of' the phosphorua fillirng in the buake~ors, inoidentally,

was about 60 ýor cent of' the, volurce of' filling6 that can be pinoued in tho

IAIF) grenade.

In most of the firixiZ testri the boretur vian a b-cmr. (2-inrh)

fireoraok~ur atomwýýd vi.-th a littlej moist orth. a~ sovi fusfe, Frteparod by

soakcing sol't cottoni corJ in a atronr 3olutlion of potapuiumr niitrato und

drying, vne~ tied to thc fuso of the firvcrtiakur n~e. ignited. Vie wmthod

and materials proved, to bo fiafe, quitc~ roliablu, vaid oufficientl-1y

reproducible Co' U,30 in explor'elory firinL; teu-tai.

In one ,;orioes of tosIrimacurd flickford was uaed k-4 the

burstor. The Prin,ýcord wac larortedl into an 8-phil. well, or six-panded in

an 18-win. cioll, or puvcked into an 18-imnw. well wibh four short LsIngthe of

Prim~toord . The Prir,-uorl wvas wxplodcd with zA No. 6 electric blactLng cap.

In a few tusts No. 6 cttpa alon 'icre. useod aE uastemmad burstors in 18'-rru.
we I 1w.



Toots of Vtmioun 14ltlu C omaposi. licms

In -tho first firing test of phosphoruz'filled preparations, Jet-

granulated phosphorus (about 4 to 8 mnsh) wac mixed with various plaat.ir

cofposi-,ions . The plastics wierw uncondented urou'forr'aldehyde, condensed
urea-formuldehydo, urea-furfural, and urea-furfuraL mixed with glass wool

that had Leon out in ialf-inch lengths. The preparations were exploded

with firecrackers. Two coit Inemms filled with rsvive phosphorus were

fired for comparison.

The individual3 shots viore evaluated by cbserving the tires of
persistence of a sreeoning smeoko, thc total tiiwo of' burning, the maximum

distance particles were thromn, and thu size of thU larger particles

scattered by the explosion. The total time of burning was taiAes as the
tim in which individual particles continued to umit a fairly steady,
although ujiall, amnuwit of smoku.

Slidit pillaring occurred on explosion of tho atraignt phosphorus
charges but not on explosion of the plastic-phosphorus charges. Because
of the small amoite of phosphorus in the char-es, the persiste•co of a

scroening smo)e in the variablo, about ib m.poh., wind was considered to be

relatively insignificant. The maximum distance particles were thrown by the
explosion varied from 20 to 40 yards, but thu.-s data a.so are of little
oomparative value, for many pieces were throrn to heights of 15 to 20 yards.

It mes observed, hboevor, that the straight phosphorus was fragfented into

fine pieces and produced smoklu for 1.6 to 2 minutes, whereas the plastic

ccrapositions each produced muwrous particles 6/4 incb and more across that

burned fuz 15 to 5 minuton. The bent resuls, as masaured by burning time
and size u• fraguents, wore obtained with a mixtutc oonvtining condensed
ureofornmAldehyde rosin which was so visoous that complete setting to a hard
solid had not occurrood at the tiirr tho chargo wa:s fired. Addition of glass

wool filler- to the urea-furfural mixture appe.ared to bo detrimantal, for the

fragmentatilon was increased and tho btwrning tim; decreased in comparison

with the char go containing only urea-turfurual and phosphorus.

The difficulty encountered in attempts to uvaluate the several
oomposltions in this serles of firing tests indicated the used for a muthod
of evaluation in which rel'tim nunusrical values could be assigned to a
test swiplu to expross the remults of the firIng test. Xt was then assumd

that a given sized fraugnht of a plastic-phosphorus composition would burn
for a fairly definite time. It should be po-sible, therefore, to count the

number of pieces burning at various prodetermined times after the explosion
of a test charge and thus obtaWin the number of' piecos that burned for various
lengths of time. The volume of each of these pieoes would thoa be known,
and the frar•entation of the charie could be estimated.
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A calibration curvo' waa o r tefrom, obkýrvatiora ofý the ti.,i.w
of burning, of oatit cylindreor, In which the height approximatuly equalud the
diametor, of phosphoruea and of' ror -fc'rzinnld~ohyde-phoaiphorun3 and ur~aa-urfurul-
phouphorure mixtures. The cyli32dera vicre buirred on U Metal pla0te. DUrning
vime was taken as the timo during w~hich a yallow flairi of phosphorus persisted.
A fairly smooth culrve of burning time voraus volumc of' material was obtained
with the; uroa-furfurwal "phosphoriis mixtures. Cylind ore of phosphorus largeor
than b cc. (9 granu3) burned completely within ',, to 4 rinirrvHt regardless of
size, and rocults obtained with urea-forrnaxldohyde-.p~hosphorru t~amplae werw
aotoiwhat orratic. The results obtlxinod with the uxw-eafurfural mixture viere
timoothod to yield the followinig- vrluoa,

Burninly ti I , inm. Volumeo, cc.

1..3
l0.7

2.0 1.6

3.07.

6,0 1.
6.0 .15 l k
7,0 20.0

Ef'feet of' (hanulo Sizee of' Fhosphorus__in Uv~4o'ealnd
Flastur of' Furis lticse

Charges fur' tiý- eccond, kievii.3 of' Iiin cr;i-s compr.-Jecd urew-
furfural roejln and t'ranu~lated F!'Lo8Phu."ua of' varixos lperticlc t.-izo8 from
2 to 40 m':sh. A Pow of' t~ho ch'u c ontnie tAbout B-irnsh phosphorLIS
weore Mv\irlod by cardboard sop'.-rutorc into cithvir three, 5hort cylindears or
four aectoroj.

The chargc3 wore bursb with firocracicurc, arxd the number of'
particles burning, alter varioms prodotorrm3.nocd times xas noted. Estiir~tion
of the f'ragmerlttktion from the volume of the burning- pieces proved of little
uignil'ioaxico, howviuer, for the p~roportion ol' tho total1 volume repro sentod
by the burning piocos gtsnorally was less Lhan 10 per caut.



lxi Spniarl, best r~osultt vare obtained wit-h umall granualer3 ci'
phosphorus . The charges containing; 40-mgresh phos-phorus wtr's diuruptod and
thrown so much loss violently try the burster that it was thoug~ht at first
that the hurstcer had been defective. Divisi.1on at' the filling into 3 short
cv linderv by-crbadnprtr appoaxed to c'r. au liflprOVC)Jenft, but
division. of' thv cylindrical ohs rp into s(ctorsL wian without apparent
advantaro.

The pjl.ster of Pariso mi.xtures- purkforimd poorly ill comparison
wi~ztheU LU'a-o rsiudohyde mixuomov. In one of the rulustor of' Paris
charges, hovievor, the burstor voll was placed axlongf the aisdo of' the
containur rathicr thorn in the cantor. Thin charge cloqJrod favorably with
the best of nou urerýXurtur"l *amplezs, Aid. it, wo). presund that the strength
and- lOcLkttJf Onf thet b)urr; Lnj; chargea 4d Qt b f'ound. to b". a cricic~l tif actor'
in Who ~;~frvnou mixtures of rouoa phuoaphovuv and plastic

cosinesc oftyr O euttcr

Ibo.thlirl &O!c of MA& rimx !, o it;wea ;c~ to detcrminei the~ et'fo ct
of' h g-rlo w urturo e n chQ).rgc.c ,)I' rm,3sj1vc wlosrtiorus , liquid
phue rhorunsoLi.; tutiQUC , orru i~ro.rnolikLu c phosphjorusi mixtures,
and pl s-t(-r of al gnnlýaUpoehssvxu The h igi;":xploaives
burstors ,c co 014a lectric WALeaingý capoI~ awnd iriamcord EickfIord.. For
comparison aeu bouc Ae h.rocedi tiont' chutrgos of massivi phos-
phor us a ir ci' nciirfca onu itr bsfonkm mmr burnt mit firecrace~r.

A Ii I uu I, piill) vjring PoI marked i.e tIh, ot v.;i ,jt;h1 nQ1 t j. hghl1- txp1 q o-i
buc'stoz ý, toao phouphuruu sollide Wa, thuon1 mv.terial that produced the
mushrooma "~pe ch` - I- tiura obtaim;(ed . otoahor shots vore of' the
rulativul] 'ýJ r itnbyehAut iv: MI. ,io obl-jeet;iormbl ac theý smoke-
wasting nfi.sii'euo '4

'An c.v-, teci uscn c~te'd muruhl e by -the hijs'o
volocity caps andk. iriaucord Uhan by the io nak The action of the
f!Ast burziLcors soomed te o l Argely th:to'apleiigburst that tossed
the'Irgrct up into the air tird loWed thu;r, ho I'.rli back in the imv"ediato
Vicinity of thfe eXplosioit; rocr§niy a' qoarter of' thu charge invuriably
remained La vit at Ate esto of' the ejxpicuoico. Tho urec'"Lurfural and
plasitor of Paris mixtures showed aworýre z'n.ataico to fragrnlvntationz than the
m1-assive phatum.Charges uxploded wih the hitgli-axplooive birsteam
horned about &ifla IoN l as these ajxalodod w~ith 1ireorackers. It was

aLpne;b ht even untersd o 6 cap6 vwure too briuant for the phosphorus
mix-t ur e s,



One of the uroa-furfu.al-granulated phovphoruu preparations was
burst with the powder from two firverackero in an 8-1run. burster well.
The burstor was stemmed with moist earth. The shot resembled those
obtained with high-velocity bursters more thau thoea obtained with fire-
crackers. Even the firecruckers may be stron-gor thtor, ie necessiary or
desirable for eharg.e in glass beakoer.

One of the chargesa of straight phosphorus contuined lengths of'
8-mm. gleas tubing, open at both ends, stacked parallel to the burster

well, and filling aa much as possible of the space occupied by the filling.

The tubes were both surrounded by and filled with phosphorus. On explosion
of the ohtArV with a firaora•kor, mwny of' the Llambe tulos wore thrown UaB

far as 25 yards without breaking, but they had little effect on the burning

of the sauttored charge.

Discussion of ho..ultu

Since all the firing tosta were exploriAtory, more v.riablos were
uncovered than have been atudiod. The tuets havu indicated, however, that
the bout mixture that can be made from granulated phosphorus and a resin
that sat,e up as a hard solid probably will contain finu particles of phos-
phorus. There hat- boon indication also that a tc.•ky, rubbery, or plastic
mass may be better than a hard, brittle eass.

ATheore is uvidnnce that the char•acteristics of the bursting; charge
anl pxrhawn the location of the burster in the body of the p)ojectile will

be critical factors in the perforranoc of the fiiling under field conditions,

An attempt will be made to obtuin or fabricate A bursbtr that will produoe
optimum pdrformance of bhe oxporineantal fillings.

The most prersing nred ia a quantitativer mnthtxl ot' evaluating
the effect of the explosion of the burster on the oxiv:rimunni)l fillings.
Since it appeara that finely granulated phosphorus vwill produce I.-ho most
satisfactory fillings, small-rcalv tostu probably nill give results that

can W- tranzlutod into prodictions of field px'forimbrnce on v. larger scale.
Two methods of evaluation are under cons ideration, One is a ireasurerinnt
of the rate of burning of the explodod chargo, and the other is a measure-

mont of the fragmentation of the exploded charge.

The rate of burning might be masured by exploding the charge in
a closed chamber throutgh which a constant stream of air was flowing to an
exhaust stack. Photoeloctric mwasurenent of thu density of the fog in the
stack should indicate the rate of burning. The apparatus could be calibrated

by burning phosphorus at knonan rates while the standard gas flow was
maintained through the chamber. Struig.'t phosphorus exploded in such a

chamber would be expeoted to evolve P 0 ,5 at a high initial rate which would
fall off rapidly. Desirable types of' phosphorus fillings presumably would
evolve P,06 at a lower rate that would bo maintained for a longor ,rrinod of
time.



The fragmentation probably could be measured evs~er than thO
rate of burning. Explosion of the charge in a spray chamber should permit
subsequent determination of the size of' the fragrrnts.

oa•eure•nsta irAdo by either mathod probably could be Used to
estimate data that could L obtained by the other. Lither method probably
would permit more ooJective evaluation of the field porforim.nce of experi-
mental fillings than does the present method of visual obsorvation and
timing of events that are broken up into a sequence of arbitrarily and
indefinitely defined phenomena. Bither mothod also would permit nmasurement
under eontrolled cond2.ulons.

PL•LNS FOR FURTMh•JZ ORK

Mixtures of granulated phosphorus With covtral plastics, both
laboratory products and eommrrial casting rcsins, are being prepared for
additional exploratory firing tests.

Ml1 grenados will be filled with se(voral of the mixtures that
showed up best in the fclid firing tvsts with firocrackers as bursters.
If the effect of' tho M6A4D) fuzes suoplied with the grenades simulates the
eff•ot of a high-velocity buretor on charges in the small glass containers,
attempts will be imade to secure or prepare bursting charges for the grenades
that will bo moro -uitable for the experimentel fillings.

Lxperisnnwl fillinge will W prepared with phosphorus sludge, a
s3omewhat grakiulated, impure phosphorus obtained in rolative-ly esnll quantities
in tne TIM phosphate plant.

Atttempts will be made to obtain or prepare resins that set as
tacky or puttylike irassos, and such materiala will be used in the preparation
of oxperimental 'i].lingso
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