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Ttnnohjisoo Velloy Authority
Cheinioal rngimnring Dopartmnent

(filson Dam,' AJabamn
April 23, 1947

Coimnandinn Officer 4•i 's,•.' •

CKYS Technical. Comiimnd ~4 ZCg~0BuildinC 330 .&b0?

Edgewoeod Araonal, Va1uyland 0

Attention: Chief, Munitions Div ion i \

Oord; lemene

Transmitted herewith are el>. copion of the -third quarterly progressreport on our studies of phosphorus 11l'ings for munitionc. The roport
co~es wok ~ crred urvor contract W- 8-035-UIS-1318 dur:;ng the...

ptriod-J-anuary I to Raroh 31, 1947.

Very truly yo.wrs,

TEWNSSEE VAJUSY AUTHORITY

K. L. Elmore, Chief
Chemical Reseutch Division
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PROSPHOROS FILLINGS FOR MUNIT IONS

Prores 10or anWor rrfomadinthe Period Jnay10

to Pbrch 31,1947, Un~der Contract V0-18-O35-CWS-lZl8

/ ~Su=WRY

* In a ooixbinuation of the study of pheiphorue fil-linjgs for
munuittora, additional reoin binders for granulated wh Ite phoipi~orus- iha~ L(

be tested.. -1ý"4n p.arad in the laboratoryý leaked -either strength
or- durability, a~d the searo1i for rmthods of preparati9p of resins has
been di otihtwvd'-- Sev'eral ocnm.aroial pre:para~ions -h4`6- found to
harden readily at ;-oom terspurature and to form stable mtxtures with
granulated 02p,"p~~. TeWsa of oonmirviecl resins are being eontinuod.

/ , 'Firing teoits ha-r ahown thvat the perforrnnnoo of A~"gidly solid
4*mbmc .1ninp1 dupe7ldent upon ta1,v bursting oharge. HI&h-
brioa~noo bursters inrvariably £ragmxnt the Pilling sxoesaivily vdith
re3ultant pill~aring of tho IoombustioxL products. B~ursetr chargeo of a~
propoll~ant powdor pr'oduood .~1~i~ylittle fraLgrmntation and little

* ~pillarin~g. B o'hr. will be inveii gated more thoroug~]y.

4ethrm-1.1 ritabitity t3eA;:; uý;ect In ovaluatic'li o;.. the FWP
* prop,-reO ati Edgnvoc,d AraomtU ara nut; applicable to phos phoruo lillir'gs

of the) type \proparad by J'1A. 11; ic as;vu-wd that thi, rajoy adverse
ef~ect rt ~or~ml Instabl-ity of' a phoeo-horuoi filling~; i.ýi v proijootilv
is the lao~rLal '3itof ý-.he conter of gravity that, vionid r~utfromi
atorago of t~ht pro juotilu o~a il;; cilo tudo)'ilropioa3 oo)-idi-Aoj-m.
Attornptn w~ill býD mido to mnauuure 'cv thifPb in otatio b-,ar.Lan' Of' 0.
filled yprojacti le ac a mm's~u-o of th'o thvýr~ml stub.11ity of tho
projeotil. 13
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PHOSPHORUS FILLINGS FOR JNIIONS

Prosreas Rekort on Wor Perf'crmd in the Period Janry_

to March 31, 1947, Under Contraot 0-18-035-0W8-1318

In a oontinuation of the search for suitable resina for binding
granulated white phosphorus in fillings for munitione, several additional
praparations of resina from laboratory reagents were investigated, and
several additional comercial casting resins were tested.

Firing tests showed that the IASA4D fuze supplied with the M15
grenades is too brisant for satisfe.otory porformanoe of rigidly solid
fillings of the type prepared by TVA. Attempts therefore were made to
develop a burster more suitable for use with the experimental tillings.

Work was started on the dovelopm3nt of a thermal stalbility t6ea
for evaluation of the behavior of the expercimntal fillings in projectiles
stored under tropical conditions.

RESIN BINDERS :?OR GRAPJULATED tIHITE PHOSPHORUS

l~boratoxryPrepaati ons

Reoinn were prepai-ed in tha ID.bocatory by mothocdo detoribed bf
Oorloton El].is in his book "The Chamintry or Synthetic Ro,•ini' (iRinhol
Pub. Coi-p., New York, 193h5. Tb• •r)n-ethtetioal page numbeo.- i,. thin
seotion -efc.r to Ellin' boo'c.

Couieensed tvoa,-fo(imldeha,,rdt, ro.in (p. 594) I'ovod unratisfaoto,:y
ir mrztiLstk with granulated phosphorus, because it shrank mark% dly on
setting, cracked, and eventually d1.nntogrP.tod on standing in 'the ail.

A resin propi:rod frm urou an•L fvrfural (p. 669) was the beat of
the lhaboratory pimparatiuns. At room tempsrature the mix-niureu hardened
at about the desired rato to yield. a product having sevetal. dotirabla
properties. The hardened resin di itintograted, havever, Upon o:i.posura to
a tenperaturo of 650 C.

A furfiral-acetaldehyde re sin, hardened with hydroch'.orie acid
(p. F52), set to a hard solid in about 3 days at room i;emj)3rattire.
MixztureE of this resin with granultted phosphorus never sot to a rigid
solid, however, and it is assumed that evaporation of wator war. prevented
by the oonta•.ner. Boauae of the msarked acidity of the hardend prepara-
timne, the mixtures are oonsidered to bo umdesirable for uoe iv mntnllio
projectiles.
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FurI'ural-phanol resins (pp. 1622-" squire much -lees .ydroahlorie

acid than do the furfural-tioetaldehyde resin. iSxporiwnvt&1 fu,7fural-phanol
resins eet to ha~rd solids In abouxt 4 da.ys rnt room temperature ]-t cracked
and disintegratod on1 standing.

FurI'ural alone is con-onsed to a har~ solid by strong~ sulfurin
acid (p. 521). Tho acid Ftpparently acto only lp a cata lyc-,, for it can
be leached with water frora t~ie harcfcned re.iin. Teros proved unsuitable,
boauso it shrank on settinir and cracked on standin~

Thiokol latex vras.prerArud fro'm iodium polysulfi~de, ethylene
diohioride, ani =Gwsiuxn hydroxide (p. 1172).- The latex, In raixtures with
granu2ated phosphorua, was~ -then oorc guLrted wHith acetic acid, but the produota
wore unsatisfaictory.

Collwrorial Resins

Mixtures of grdln-alatod pl oa'phoru i" vitY. eithor Durez 'A21A, preoduced
by Durer. Plastic3s and Ch~Rmiealr, irncorr~ora';ed, cr Duralon M0, Froduced by
tiho U. S. Stonewara Company, set to' phy;ýically stable soli.ds, iprovided thle
water weea first viushed fr~:)- -ha phtc:rhoy-ru with alcohol.

A satq~]D of Elociom '124 zer~in, p:epared from dirtothyl hydanto'l.r,
was obtained fromn the Electroc -emio-Lio Dopiartmant of E. I. du Tont do N,3mowua 4

r.d Company. k-tempts to obta~in r( is-temp. rat Lwa sets of miixtivrei. of this
reosin witmi urea or with phanol, usinr, olit 3- sulfuric acie, or ý-odium
hydroxide an thit setting agenzt, weic "uniucez-r~crul.

Baker casting rosin No. p00, T'2, obtained from 11--ker Oil Toola,

Incc rporal-ed~ p-oi-od simnilar to thr, :urc'z :&sting rocin ard act to aJ
phy ýcaflly stable aolid f.n mtxturul :;ith Cropuu1tod phoF'phorun.

is readily set at roan tc'mporature iz it ha!-d soliid similar to 1.ardsnad
Duret. Mixtures of this resin with1 grartuJxted phosphorua have been pro-,-.red
but have not be,3n subject;ed to fir:;Ing tC-)St3.

Thiokol LP-2, a liquid p.lynir produced by the 'io~ Corpora&tion,
Appoare to boe tne 'mont promisiing o:' tU1 resins tithudiod thite fr.' . Roomn-
tomperettuare curos to rubbory solid! iiorr. o~ttined readily by t~-e addition

*of eithor 7.5 pa.rts of lesd peroxic * or 20 parts of Purfurs-1 ard 2 partj
of' formic aoid per 100 part-a of thu liquid polyrer. Tha lroad ;er oxide
mixture .13 quit') stiff wlmn- first 1).-,par'ed ard Is difficu.".I tc M!.c Vr1-th

* ~granu)nted phonmhorus. "'n mixture coiitairaing C urfural and formici acid
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is quite fluid end in easily mixed with granulated phosphorus. The lead
peroxide mixture notm in nbout 24 hours, bit'. at least a week in required
for ouring of the mixture oontaining furfwal and formic acid. Mixtures
of the liquid polymer with zinc ox.ide rrd hox-Amethyloentetramine set
neither at room temperature nor at 70* C. 4

A study of phosphorus-water emulniorn stabilized with polyvinyl
alcohol han been started. Lrtuleiorls orit taniýr, about 75 per cent phosphorus
have beon prepared, and .% mixture cf plostnr Og Paris with such an emulsion
has beer. nmde. None of those preparationa, hc, vor, has boon subjected to
firing teats.

Attempts are boing made to obttai:i aemplo. of the water-ooluble
reeins that s-e sa.id to increase the strsn'th of plaster of Paris oastings.
SI:- e pla•tter of Parlv . r' has scveora dieirable properties as a mediam

if.bo prrFara-zion of phosphorus fillinen, the use of cuitable resins to
increase the strength and decrease the porosity of plaster caetings should
result In improved mixtures vuith gztnulated phosphorus.

PREPARArIc. OF Pf(EIPHOPUS FOR FILLINGS

,zraultiorI of Phosphorus

Althougý phosphorus from the •.et rrauulator consists of rouhly 4
apherioel particles, irregularitieor in the shape of the particles result
in an urr'0irably high proporticn cf intorftitial space in a mos of the ,i
granulated phoapho.-s. The beat maitures of various sizes of the
granulated phosphorus contain 33 per cont interstitial space, and careful
mixir cf the granules is necessary -W rairtain this mininum, for the
differer.t nizes tend to segregate r.,n sw~rLng of the mixture under water.
With 33 per cent interstitial spacc, K -Lxture (of granulated phosphorus
and binder can contain a maximum of about 75 po• cent by woight of phos-
phorus .hea the binder is a resin v.ith a sreoifrc gravity In the usual
range of 1.2 to 1,4 and a maximum ct" about 60 par oent by weight of phos-
phorus vihnn the birder is plaster cf Paris. Resardleee of the typo of

binder, however, the amount of phorphorus preeont would be 67 per cent
of the emount of massive phoophorum that o3uld put into the sams space.

I\

"\\V
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Phosphoras S8ulfide Sludep

The semisolid sludge previously obtained as a byproduct in the

preparation of the low-melting phosphorus-sulfur euteetic was reproduced
when the eutoctia was propared with flowers of sulfur, but none of the
sludge was obtained vhon the outeatio was prepared with lump sulfur. The
sludge, a nlihtly rubbery semisolid with the consistency of soft putty,
apparently is a mechanical mixture of liquid ph sphorus-sulfur solution
and undissolved solid sulfur. The sludge was srarated from ,&e liquid
phosphoru.-sulfur euteotio by filtration throug \ paper on a Buchner funnel
under water. Charges of the sludge in boakers performed fairly well when
exploded with firecrackers, but this material appears to be more a labora-
tory ourioLsity than a praotical phosphorus filling for munitions.

TELPUAL STABILITY TESTS

The tZermal stability tests uted in evaluation of the puttylike
rAPYP prepared at Edgewood ArsorAl are not suitable for evaluation of rigid
phosphorus fillings of the type prepared -byTVA. An investigation was made
of possiblj zmthods of evulua.ting the ability of a given solid binder to
retain, at 6jC-U, tho granulate4 phosphorus with which it vas mixed. It
was assumel that a thermally staile rigid filling should retain substantially
all its phosphorus, even when the filling was \not closely confined.

Sevoril fillings wore cast in plaster or glass molds. When the
fillings had hardened, they wore removed from the molds and cuspended in
either water or carbon dioxide at 650 C.

Aillings bound tidth urea-furfural laboratory resins disintegrated

rapidly Pn water at 65' C. and lost 63 per cent of their phosphorus in

5 hours in an atmosphere of carbon dioxide at 65* C. Fillings prepared
with Durez casting resin lost 5 per cent of their phosphorus when suspended
In water f 3r 5 hours at 65"* C. and 13 per cent when suspended in carbon
dioxide. It was apparent, however, that this test was much more draotia

than would be encountered by a filling in a projectile under tropical
storage conditions, and it appeared that the loss of phosphorus probably
was due mors -jgfaulty mixing of thi phosphorus with the resin than to
.. nesuirv-1* properties of the hardened plastio. On the small scale on
which these fillings are being prepared, howovo , mechaninal mixing, which
obviously would improve contact between the restn and the individual

granules oa phosphorus, does not appear feasibis.
\-
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In the belief that thermal instabiity of an otherwise satia-
factory filling would be serious only if it resulted in sufficient shifti
of material to displace the center of gravity of the munition, tests were
nmde to evaluate this shift of material. Various fillings were cast in
46-mm. glass tubon, the ored of which wore alosed by, rubber stoppers.
When the fillings had hardened, ono rubber ctopper was removed from each
tube, and the tubes were suspended, open ond dcwn, 'in a stoppored bottle
full of carbon dioxide. The bottle vao placed in a water bath at 651 C.
fcr 24 hours, ard the phosphorus loot from 'he filling was collected in
the bott,-m of the bottle and weighed. The reaulta of such tests of
various fillings are listed in Table I. Ertch sample contained approximately
45 grams of grarulated phosphorus and occupied about a 30-mm. length (40 co.)
of 45-me. tubing.

Thernal Stability Tess

(Samples oortainod in 45-ime. glao' tubes and
suspended in COQ for 24 hours at 65' C.)

Aeo o^ Losn of

B inder aml'-d) phosphorus, %
Urea-fur fura 1 9 78

28 64

Furfur al-phenol 9 16
28 15

Furff al-R3SO4  9 66
28 40

Plaster of Paris 9 7
23 12

Duralon rosin 10 7
* 26 14'

Durez resin 10 30
30 8

Baker resin 6 27
26 10

* Thiokol LP-2 with 10 62
fur fural-RC OOH 30 30

S\
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A few samples were cast in tall-form beakers made from 57-mm.
glass tubing. The fillings were of substantially the sane esie a& those
used in charges in 150-cc. beakers for firing tests. The binders were
Durez, Duralon, Baker, Catabond, and Thiokol LP-2 set with furfural and
formic acid. Glass burstor wells for firecrackers were inserted in the
charges. The charges were soverod irlth an atmosphere of carbon dioxide,
and the beakers wore closed with rubber stoppers.

When the fillings had hardened, the stoppered beakers were
suspended upright in a 65' C. wator bath for 24 hours. In each test the
filling shrank olihtly and pulled away from the walls of the beaker,
although rone of the fillings completely loosened from the container.
Sone phosphorus separated from each filling and colleoctd between the
filling and the walls of the container, like a liquid film between the
walls of a cylinder and a loosely fittinC piston.

Although the vapor pressure of white (phosphorus at 65 C. is
only about 0.7 mm. of mercury, small amounts o phosphorus apparently were
distilled out of each filling and collected on he walls of the containers
above the fillings. The total moveomnt of imtorial in these tests
appeared to be insufficient, however, for significant displacement of the
""enters of gravity of the fillings.

Additional thermal stability tests wi\ be made on samples
prepared in the same manner, but the samples wili\be suspended horizontally
during the tests. In addition to measuring the amounts oflphosphorus which
run out, from the fillings, attompts will be made to dotermioa shifts in
centers of gravity of the fillinge for tho purpose of evaluating tho
ballistic stability of the fillings after storage under tropical conditions
in a horizontal position.

07

FIRtING YESTIF

To conserve timz and material, exploratory firing tests of fillings
prepared from granulated phosphorus and various binders were carried out in
beakers with firecrackers as bursters. Tests of various types of bursters
were made with M15 gremdos.

Many bursts and pillars were photographed, and the photographs
were of material assistance in the evaluation of the several fillings.
Pictures of the screening smokes were, on the whole, of little value
because of the variations in wind velocity, even between successive shots
in the same neries of taste.

4\,
S
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Tests of Various Filling

In the exploratory firing terts with- charges in 150-co. beakers,•! each charge vas about 60 per cent of the amount that would be charged in
PIan I15 grenade. The beaker gonerally wan laid on its cide on the ground
and burst wh a firecracker.

The explosion usually threw fragments in the directions of the
radii of the beaker, very little material ýeinG thrown in either direction
along the axis of the beaker. Many of the fragments thus were thrown
considerable distances through the rtir, and the smoke emitted by the flying
fragments tended to increase the apparent amount of pillaring. Because of
the excessive scattering of the fragments, as well as the marked variations
in the wind velocity during the tests, observations of the amounts of
pillaring and the persistence of a noroening smoke are oon-,idered to be
much lest! reliable as 1I-ses of evaluation than the totAl burning time,
which was the time elapsed between the explosion and persistence of a flame
from the largest fragment of the shattered filling. The rn.ximtu throw of
fragmontn by the explosion ii a rough masure of the resi3tanoe of the
filling to fragmentation; it appearn probable that larger particles of a
burning filling will be thrown farther than smaller perticles, assuming
the same initial velocity.

With the exception -3f fillings proepred with coagulated thioko'l
latex and Thiokol LP-2, all tI. fillings in the eerier were rigid bodies. i
The results of firing tests of the various ilings are listed in Table II.
Sinoe eauh fill iag was tested with two or mor . shots, minimum and maximum
values are recorded for each observation. From T~ble IX it is apparent
that, of the laboratory prieparationr, only the urea-formaldehyde and urea-
furfural resins sre of sufficient promise to warrant furthor investigation.
All the commercial resins performed bottur than any of the laboratory resins.

A beaker charge of the sem.itolid phosphorus salfide sludge pillared
slightly on explosion, but the total burning time was 300 seconds. Addition
of a small amount of liquid phosphorus-sulfur eutectie to the sludge
increased the pillar markedly and decroasod the burning time to only 15
eooonds.

In a few shots, the beakers wore set upright on the ground and
exploded with firecrackers. Since the fra&ments were rolled along the
grow.ud by the burst, rather than thrown through the air, pillaring was
reduced and burning time was inoremasd. From these shots it wits concludedthat the optimum burster would be one that would scatter fragmnts of the

filling only far enough to give satisfactory distribution of the fragments,
since wre vigorous scattering would ronult in inoreerod pillaring.
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VABLE I I\

'Frinr Tostpof Various Phosporus Fillni!•

S~~(Charges oontaimod in i50-oc, beakers !

* zand burnt with 2-inch firecrackers)

U -Fragment1tio8 Persistence, se2.
SUax. Ma. aore-enig Toa

(o inder throw, yd. .ize, ei. smoke burn0n4 Pilleg

None (M-Ssie P) 20-40 . 30-60 SO-150 Slight tomarked

"ii ~Laborat ory r e a i-

iiUrea-form aldohyde 15 3.8 15 21i0 Marked
Ursa-feoma dohyde Gezerally

(oondenved) 15-40 2.0-3.8 1.0-60 70-240 aslight
Vroa-fur furs, 1 30-40 ,3.8 20-60 SO-240 S light •'

Urea-fur rural-
formldehyde 40 - - 120

Furfura1-formaldehyde 30-9 - 225-60 70-120 )ifrked
Furfural-aoetaldohyde 30 . Largoe 10-40 60-210 Slight
Furfural-phenoI 12-20 Smnal - 40-80 Marked

Ftruzural-Hs1SO4  20-35 1.3 - 110-180 Slight
Coagulated thioko).12
ltex 3-10 Soft - 120 'J,

:i ~Comm. ninl _prepnrtitons .•

Plaster ,of Paris 10-50 CGener%1Ily
learg 15-75i 120-240 Slight

Dmralon 30-40 2.5 - 110-360 Little
Durez 20-75 2.0--2. 150-300 Little I

Thiokol LP-2 6-15 Soft 300-330 ULittle

C , I5

gi
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So,roral boaker charges wore bxrst wi h 3-inch fireorftckors.

These wore more pforful than the 2-inch firec akors and produced a
marked increase in pillarinT, a decrease in the size of the fragernts,
ard a pronounced decrease in total burning tim•.

It was apparent that th-3 ,yrtll aie o 4 the charges in 150-co.

beakers made extrapolation of results of firinGtosts to estimated

performance of actual munitions quiltz difficult. Charges\ of massive

phosphorus and or urea-furfin'al and plactsr of Paris mixtiires with

granulated phoephoru3 wore casot i.i 600-cc. boakers. Each charge was

cast to the same depth that is uaoed In th'3 1bo-co. beakers. The volumm

of filling used was then about 2.4 tiroe that in the 150-cc. boakers

and about 1.4 timiro that of the L115 -p-ra-le. Bursting of the massive

phosphorus char,-) with a 2-inch fLroorack~r resulted in markud pillar,

fraent4-ri, thrown 13 yar s, n.d the burning timO vwa 210 soc6nda.

With the urea-fur.-ural and pla~tor o6' Poario mixtures tve pillaring wVs

slight, fragnýnts as largo as 2.5 cm. ore 'thrown 20 and lC yards,
respectively, and they burryid for .360 arA 330 seconds, reslyotively.

Toets of Bursters

Picturoi of bursts krd of the nnarked pillars produced by

explosioi of chares in M15 •-nafOnn i.dth MIGA41) fuzos wore indistin-

guishable when tlr fillings wvr-e liquid phosphorus-sulfur outoutio,

massive phosphorus, or mixtur-e of granulated phosphorus with plaster of

Paris, urea-furfial rocin, or a corrrcial casting realn. Similar

renu~tm, includin, the rarked pillarn ard relatively short burning timrs,

were obtained whr)n the of.kw aillin-s were charged in 150-cc. beakers and

explcded with unsaemod No. 6 blasting caps. It -ms concluded that, in

view-. .T oro56nsintont differonc03 in p':rformance of these fillings when
-burst with firooraokaro, a highly brinant burster "aould no4 ; !,ive optiman
per #rmar.oe of ri id phosphorus fLlling. A search was then started, for
more suitable buraters.

In onn ihot in which a beaker chareo of a rdxture of granulatod
phosphorus and plaster of larir was exploded with a fireovacl;,r in a well
located just inside the boaker wall, improved performance over that obtained
with centrally loi•ted buraters in the same mixture was observed. To test
the effect of relocation of highly b.-isant burstors, MiL Groenade cases
wore fitted with burster walls of 8-na. glass tubing cot .just inside the
walls of the oases. Cases wuro fittod with one well, two iwells 180 deg.ees
apart, and three wells 120 degrees apart. Explosion of a single Primacord
burster in those oases produced mirked pillaring with each of the three
fillings used; thl masoiwr phosphrun burned for 120 secoords, the uroa-
furfural filling :`or 240 seconds, and M,e plaster of Pari filling for
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300 asocnds. The grenade cases wore split dovtn one side only, and much
of the filling remained in the case. Neither the cace nor the filling
was thrown vnry far. Explosion of two or three Primacord bursters in a
grenade case produced oxcesoniv pill,,rinfi, and burning tirins of 30 to
S..eu were obtainod with all the fillings..

Althomq~h somewhat increised bu.-4ing times resultod from a shirt
of the brisatut burstor from its normal coetral location to a position jlxat
innide the contaiyor wall, the filliug wasanot well scattcred by the
explosion. It appearod that bettor performanoe would be cbtained with it
less brisant burAting charge in. a central burster well.

The bullets were extracted from U. S. Army .30-'06 service
cartridges, mad tie powder vme reserved for use as the bursting explosile.
By attachment of ahort lengths of copper tubing, the cartridge cases were
made to fit lnto the M15 burster well vtith the priimr just bclow the
bottom of th, forrvIlo throtd.i in the well. Recliwod heads of M6A4D fuzos
or short, threaded collars wore used to seal the oartridgo onse in the
burster well. Eihtpenny common nails vere used as firJnG pins. The
firing pins were struck by a falling perdulwa that wat; released by romo-.e
chontro ld.

Various amounts of .30-'06 povder were placed in the cartridEn
cases and hold in place by ilug of cotton. The results of firing several
grenades containing various phosphorus fillings and vnrious tcMountO of
powder are listed in Table _AI. .

The charges of .30-IC6 powder usually toro about a i2O-dogree
strip out of one side of the case and loft the body of the case re1&tively i:
undamaged otherwisie. The long ttu-ning times probably are dur lareply to
the fact that much of the fillinri remained in the coen. In npite of
the limited soattring of fraugents of the fillings, hcwe,,or, emoke was

: oduced steadily in what appeared to be w"ry satisfactory volize throurh-
out almost the entire burning time.

Ono grenade, filled with plartrf Paris and granulated phos-
phorus, was exploded "rith 2.5 grams of powder from regular-vlocity .22-
caliber cartridges. A markvd pillar vws produced, and the btu-rning tirn
was only 120 deconds. The burster shredded the grenode onne much in th'
manner of M6A4D fuzes.
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TAF LE I I

Firing Tests of Phon1,ho-us FA 1L-igs P'irvt with

Powdcr from .CO Ctirtridrs~

Pawdor,_ ThroN.,p_ yd urninG l"eft
(~~~(!o rrrn ntn P r nWsee- in oat.

Woe'ni v 2 9 7 1AarkidM
~o~(!:5~¶3 0 7 Mrýd430 Much

Ur ea - Curfu ra'. 2 0 13 Sorfia MOO~0 Half
3 - Slipht Half

3 11~ SlIight 300 Quartor
4 -O. -e 5 10 Muoh
5.5 - Sorm 800 Th ird

Plastor :cf Petris 1 Fai1-ld to 1IUrat Viell
______ 2 - 4 Slibht 570 hatlf

* ~3 2 0 SO Ms

3 3 5 S'\lirh t 210-
4.6 3 5 S.t 1gh t -390 Quart'or

Duralon 3 3 - S I .ght 540 Hal f

Baker 3 1 - Slight 300 Most

R!"TEi( OF Ih;SIILTS AlD PLANTS FOP FLRTHER N!rYHI

various resins p--,epared. in the labore.t,-ry, only the uroa-
furfural res-.n ahowa sufficiext pro-mise to warr&ent furt)her work. Evren thin
roesin m&.y be elinminted be~causa o 1:..in inmtrabi.\Ity undc conditions of
tropicol at02.a~p. In viow of thel oxcollnnt pe' I'ormrance and proeent.
rclatiwly l~w cost of the several cozrmlroial c sting rpsine available,
the *sar-.1 for resins that may be prope.red in thoi labor-tory hae W~en
tenrtatiV431Y i~ieoontinued.
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Fillings consisting of phlAtcr of Paris and granulated phos-
phoru8 have shown up well in firing tente. Teats of such fillings will
be extended to include conpositions containing some of th corm'rcial
tougheners for plaster casttinfs.

The oomnercial casting reEins, Duralon, Durez, and W&cer, have
properties that appear to be vwry dcairnble. The valui of these resins
as oomponento of phosphorus fillingr in munitions will depend, however,
upon the proouremont or derilopwmnt of a bursting ohare- that will give
satisfactory field perfcrmTance with these fillings in attxal munitions.

Tht Durez and Balr casting resins are of the phenol-formaldehyde
.... type .resin of th3 type, Brblette, will be tEestad. Duralon is
h furfural derivative andi apparently in; thn only reslz of its type on the1
market. Tests aro planned with tbyo othc..r res ne that apparently are of the

vinyl type.

The liquid polyner, Thiokol LP-2, whinh may be crred at room
tomporature to form a rubtery solid, forms phosphorus filling;s with
physioal properties fhat appear to Ie :dimilar to those of rIWv prepared
with rubber-xylene gels. The Thiokol UY-2 fillings probably can be
prepared more ea3Lly than P,(P, however: and probably rill rrove to be
more stable balliitioally. Thiokol U'..2 will be tested further.

Firing tests with various bu-sters have indicated that rigidly
solid phosphorus fillings give Z03t performanoo when exploded with
bw.r!ters of relatively low brisean.. The search for suita.ble bursters
is being continued.

Attempts to de-ise methods of determining tUe eflect of storage
under tropical conditions on phosphcrun fillings also are being continued.
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