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Voumnding Of floer
Chenioal Corps Teohaioal Comnand

uailding 330
Ar=V Cheouoal Center, Maryland

Attentiona Chief, Munitions Division

Gentlemen:

Tran•aitted herewith are six oopies of the fifth quarterly proosse
report on our studies of phosphorus fillinp for snoition . The
report oovrse work performed under oontraot W-18-03M-08-113 during
the period July 1 to September 30, 1947.

Very t-uly yours,

ISMSSm VAUlT AWORITT

i. L. Elm"re, Chiet
"CThe=osl hsosrob Diviseio
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PCSPHORUS FILIJINK ,'R ?!UIIITIONS

Progress Report oa ;fork Poriorr-. .d i ths Period July 1 to

Sop+etamer 30, 1947, urider 0ontraot 4-18-03-CiTS-1318

Irvestigaticon of t*n proportl is of various fillings \ ich
granulos of phospa.orus are comnnted wit-,h a fluid bionr ttat sa qusntly
aets in ,h3 munition to form a solid i'i fling have indleated that saater
of grie, Duralon, and Thiukal LP-2 a,%.- the most promising of the various
oxrprismntal inders. These bindors ,,*, bo Used eolusiely in i~oodiato
.furtber stuct of fillings base. upon ir iulated Oh .-

* t,,e.-i.. -. ..... . ... . e t-

Spreaet method or-8ea'f."rn!s the therml instability of the
fillings ty determination of the unbalr.e of a filled munition after
storage on its siAo under desert oonIti•r•a appears to be satisfactory.

p4VdU'"Rt7d--tyU MaW Wt~l "t r ar't-6 midtv tOR0 lf l t-.mki ui~uA
oeut;&V of-L VASA o-the 14ALW -aa-ii.U.hw -004 ets- ~ b I14
dotermixod. The thorml stability of ti,) fillings will be tastA-1h glass
oontairers, as well as in U15 grenades, sith__*J e.*v5'T providing a
visual cheock on the uoveor£_-of Qw cc~mnonts of the various fillings upon
expozure to &im lly high storage tempsratures.

~Fillinge c~,ow ed of i.xtures of red and white pbspheous,
particularly m~tues that result f betantially oomplte ooavuresion
of white i bts a to mausive red s within the munition, appear
to ba very prouising Moth-do of oonvreion of white to red phbopho will
be stýdied, both at •'itrolled (atmoephsrlo and superatumospherio) pressures
and in sealed wnit4 in which a maxAi. rressure of 630 pounds per square
inch and r maximum tem rature of 590" C. ar" to be eopectel.

Beoause of the difficulty experionood in an objectivo evaluation
of the amckos produced by exporisntu fillings in M1S grenades, it is most
dosircblo that 4.2-inch CM shells be filledJ with the ae prosiolng filling#
"ad ubnitted to the Army Chemical Cents. :or storage and peform•noe tests.
Such a test program oertainly should inclvde evNra•l shela filled with
maessiv red phosphorus, prepared in placa by rapid conversion of a charge
of whit. Ihoephorue in tU aaaled unaition.

mew.



FPJ•iIH<US F'ILLINGS FC• MUN•ITIO2NS

ProL~as Puo;oe on Worh Nrf'or.Ld in the Period July 1 to

3eptem lr 30, 1917, under Contract W-18-03Z-CMS-1318

In the 3-month period oovered by thie progreca report, work was
oonrined largely to those f llines oonmriaing granulated white phoephorus
ani varioua birdera that had appeared both to be thermally stable and to
perfIrr. satisfactorily in gronade firing tests. A study of nethode for
tho prcparation Lof fillings contatuing red phosphorus was begun.

becauto of J- uncerta&inty involvod in the prediction of per.-
for•anne of a given fillit. in a lar~or -nnition from ths perforxnce of
the fi:1ing in MI.5 gr'nzdee, a few 4.2-inch CH alalla were filled with TVA
experizental fillings and subjeoted to rtrformanco teats at Army Chomical
Cantor. Although th•re teats were oirriod out somewhat later than the period
uomdnally covered by "dis repwort, the resulta are pertinent to the present
work, and they are included in this report.

eGiMULATION OP ,8VIT'IPOSPHORUS

As the seale of operation was enlarted and the ned for granulated
phosphcrus increasod, the jet Granulator Loobiowd in prd7i1ud progress
reports vua modifled to inorease its capacity. The present form of the
apraratus Is shomn in Figure 1.

In operation af the granulator, the roooiver in .i. rly filled with
joe water, aL4 the pmnulating tubo is conneotod thereto. Into the granu-
lating tube is p.ured 200 oo. of a satuated solution of white phosphorus
in 95 yer oant a]oohol, then enough lo water to raise the liquid level to
the point at which the side-arm overflow is attached. The ioe bath is
placed around thc rec4.i-mr. The jaeo)t Ja put in plaus and filled with hot
water, and hot vter is poured L0o the Grarulating tabe to the level of the
overflcw. The pnoephorus reservoir Is then inserted into the granulating
tube at an e2lvation that places the tip of the jet just below the cu.wfac
of the water. Molten phosphorus, under water, is poured from a dipper
tk.-our, a fuml into the phosphorus reservoir. The phos phorus flows from
the jst as a raped stream, whioh promptly breiam into separate earheruaJo
thuL feall through the oolum of w&-cer and solidify in the lower part of the
gravulating tube. fton the roooiver Is Villoid with granulated phnephotwm,
addition of ocpiw orwn is disonatinud, the hot water kaekvt Is drainsd w*A

". and thi granulating tube is emptied through the lower drain. The
:i thr. emptýod, and the prooewv Is repbated.
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FIGURE I
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The molten phcGphoruz is added at a tompratiws cf 700 to 750 C.,Th watcir &dded o t!o lacLut .s bst,,e3n 0' anr C. •hen the temperture

of ý.• ,atar L, thu -top of thl granulating tube falls to about 50* C., tho
phosphous frio through tha jot formz strirns instead of spherules, and
th3 phcSphcrin my solidify in the .19t.

The 'at is held in a rubler stopper in the bottom of the phosphr'B
reaervoeir. Three jets -my be ured sijailtanacusly in an apparatus of the site
ehoanm Li Figure 5.. Each j;L, u••,r A. head of rolten phosphorus and viater
th"t varies frcm 5 to 15 c3., psstiu rou,:1! 1CO 1 ra0ts oa ph-sphora- per
miruto. Sinre tbo granulated phosphur%± occupies an apparent volume of
appro-xirautly I i,. p~r grair, a 27,'0-oo. rooeiver can be filled in about 10
ji-auutcs :,iwn thrc jots are used.

2T1Y :Zeta are zrado from S-=. glar tubing that is constricted to
capillary 3iLo a•d cut off squarely at t;', cotntriction. Jets with orifices
ar66r tILn .2.0 :.m. in diamater pass paorphorus too rapidly for the formtion

of separate drLpS, aid jets with orifizes smaller than 0.8 Lm. in diameter
plus easily a&x pass phosphorus too slowly to be of practical use.

Tho size of the spherule. is proportional roughly to the size of
the orifice of the Jot. Becauseo ol' the intermittont feed of molten phos-
phorus to the phosphorus reservoir, and becaese of variatzon in the tempera-
ture of t'-e moxten phosphorur and of tCe water in the top ,f the granulating
tube, the particle size of the granules forsad by a given site of jet is
quite variable in tl.e prevent apparatus. Approximute screen amlyses of
1ranules formed by ýhrec cites of jets ar listed in Table I. The minus 8-
insh fraction .'last column in table) conuain about 17 j*r cent, by weight,
of tateriul that will pans a 16-mosh screen.

The iranulation could be made continuous by addition to the
receiver uo a tube through which the granulated phonphorus could be rt*oved.
Tie tubw would kIste to extend ahove the level of the overflow, and pro-
vision would have to be made for maintaining the water in the tube at tho
level of the c•vorflow. The granulated phosphorus could be lifted to a
coutaiaer filled with water to the sean level as that of the overflow.

Firiag tests of filllný-s based upon granulated white phosphor=u
inkicatod that purforence was related roughly to the phobphorus oontent
of tU& 7ll1ini;. To got tht saumim umaount of 6:anulatod phosphtrum into

... iraee, granuloes of various sizes most ba dxed. A mixture cf 30
%.4,11 h-, of 7runulnteO phoarO'orm of the type Xfoplrj4 in the pilot
.. w Ati-my Ckv)mLoal Center with 75 parts of plus 4-sah granulated
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Ofvi t", t-YP,. praý-urc,ý' t2lo jet -lod fo:rtd a rdnliaux-roid
rnixturce s.th ---r c~kt voii- sp?-s. ?Ix;~ 7oid i paca in -vuriou3 mixtures
of' t~vtco e i frýc>r. .c of l aa t; a' t were r-aparstad from the
prcduct:j of' J~u cra=A..ý;iou aro-zL;ý ;.n Y'iý,ura 2. Tbe D-mr-aUl oxpri-
=vx%.L errcr j= 7.h- pr variati:> -j' a and z~asuwelmt of the
:.:.tor3ratial x• in tior.'t'o g~rnei-a 2 y lIid uot o'xcoed 2 per oent.

TATU I1

Si'roan '"anly3 ý, of' Gr.nu1uted Phoophorus

irorpi:vý w tIh 4.ts uf Va rios's Iia-wtoer

i'~ic C Sroon alsa ehtprcn
'Itrr'. +4 mDsh 8_ msh_____D~

2.0 '10 50 10
29 14 i

1.4 2 88 &1
a 76 is

0.9 5 58 "
3 5245

Iho ýra~.ulvo.od phosiphorus pro'urad irA the present pilot plant
:;j~&) Ar:-y .XiCtls~.gher is samwihat d-frioult to hand!* bsoauue of

It'j4 prjc. :n'.ue t*.'rdtoncy to float :on water. On the3 other land. the plus
4-, va~ii irac1tor af jet-granu~atad phosphorus iuvkrtsa 'n undesirable
luwpr4Ao~is to f illings in which it is inoo.-porated. A mixlture at jet-
r~,,nic '! phiapsc run comprising~ 60 per rrnt by vuaight of miats 4- plus
8 -mesh :rrtulcs &,-A 40 por oerý o.i minus (J--mh Crawlaus has been adopted
tortatively ai r ~tv ixturo for vas in oxporimawtal tillIngs. Sim*e
thix r.xtirj oexn.tdrun &bo-A 37 par cant voids, as shown In Fi~we 2, it
oupndbi.3 2ý? p'Y~z uout as savh phonphorus 'An a givon volum as would be
sq?p1.ioet ty a rix'.urs cozttaini.~g 35 -,r f:oat voids. tia apimroiA practioal

vd.m~. void r-pace iii granul~tvd pbosphorus.

".thctý:h mixturoz of granulAf-,oe ph.brruhoi ,het zantain .5
ol-vio43!j .supply only 6. fV r ce nt of ',he amou*nt of phosphorus

*. urpliod ly tho sasm volum of rmasi-.a white -)hoaihorus, the
bi -,.3 noe (rmua?!Uad phosphor-ui £Cefoe;s th.? Lurtnin& to tho vxtsiut that
tin GLA-unuAt6,1 p. Laphoria oftea -wnoluoos ai ncro offoctiv~p s-re~uing smols
tha.n dcia an tulvoluiw eIf mnseiva Wtlltu phouphorur'.
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FIGURE 2
PER CENT VOIDS IN MIXTURES OF THREE PARTICLE SIZES

OF JETr - GRANULATED WHITE PHOSPHORUS
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BIXD .RS FOR $RMJULTED ,WHITL PHOSPHO"US

The proccdure for preparation of fillings from granulated phos-
phorus and charging the fillings into M15 grenides has been standardized
cas follows:

The Cranulated phosphorui is weighed and transferred, under wator,
to a 51-rm. glass t,ibo with a perforated stainless steel diso in its lower
end. The pho horus is dewatered by blowing carbon di=l.de through the tube
from the top. If nmoval of -ubstantially all the water is desirad because
of the binder to be used, the deuatered phosphorus Is washed two or thre3
times with alcohol or acetone, and carbon dioxide is blown through the tube
betweon wts-hings.

The binder, it. a fluid state, is weighed into a 600-oc. beaker.
The dewartred phosphorvs is dumped into the beaker, and the mixture is
stirred with a spatu!A and transferred tc the grenade in an atmosphere of
carbon dioxide. A shiort-stemd powder funnel faoilitates the introduction
or the filling into the Grenade. The filling is rodded through the funnel
with a stirring rod.

Fure tont

Furatowos are furane-type resinu produced by the Arvuinton
Varnish and Insulator Company of irvington, New Jersey. Their resins
5510 and 551i&G are thermoesetting and my be set at room teperature with
their accelerazor 5243. Preliminary tosts, In which the resins were cured
at room teoerature in air, showed the Furetone b510 with 10 per cent
accelorator set to a rubbery solid in 24 hours and to a hard solid in 48
hours. Furetone h5lQA6 with 5 per cent accelerator set to a rubbery solid
In 3 days at 40* C., and to a spang, rubbery solid In about 7 days at
room temperature. 'uaretone 5510A5 initially apptared to be suitable for
use as a tinder for phosphorus fillings; when used for this purpose,
however, It set only to a semifluid rubbery mteriWl with a cohesion
workedly greater th&a its adhesion. Fureto 5 blO ma too viscous for
use as a binder for Granulated white phosphorus.

Thiokol LF-2

At the 41WO.stion of tL. Thiorol Corporation. t.he setting of their
'la Thikol LI-2 with furf-urrl and formir acid was modified by

.1 .Ion of " at•in-stoppers," such as mrcaptoothanol. In the presence
ot chain-stop~mrs, the polymer sets to a somewhat tacky, rubbery mass that
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is noticeably lesa vigid than Ut.s solid to whic-I the poly--ri a85tL in the
ab~1nocd of chain-sit,;ppers. Thiokol LPd-2, with incorporetions of morcap-
tocc&aoj, ?as beau~ twed as a binder for phoe~phorus filllings, but the
fX'.1in.;s have nor bt-en subjected~ to firing; tosts-

1Bini~rr3Covntainin; -Ua~maPltardoantiL

FillLn~Ci ý.n which the birder wav Duralon or Thiokol Li'-2 wrre
modified by the iac vporatir.) of~ 15 per cent of asuoniu:rn oralate into the
bindcr, ths objea'4 _* being to retard `.,he rate of rnomluution. The amcroniurn
oxalato hen littlct vffect o-i the perforisarce of tn-z ±'illinr~e.

r:LILINGS 1C01TINIliG RED PHIOSPHORUJS

Ia Augu3t; 2944, TVA filled fatty 4.2-inci CU shells with a
mixttrt, of approxizu.toly 50 per cent red --:d 50 pir cent white phospl.-orus
:%nd returnel thorn tr. Edgewood Arsenal fvi firing t3ste. A Report of Teat,
dated at Edgewood AsEonal oai October 6, 1944, indicates that thf, shells
porfor~d satisfaoturily and oozparee flavcwably with PIJ-filJlod shells.

Workr at E4 Gvwood Arseral on the preparation oCt red phosphorus
1'illing~s fro munuit-uor in reported in TDMHU No. 793, January 6, 1944. Sorm
.rork was do~s on tht conversion of xhito to red phosphorus in &!use tubes
at temperatures below the boili.LL yc'izzrt of wihite phosphorais (280* C.,,
btit tho rusalta vweN. son,.vlt erratic awl did not Appear promisinG. The
Arseral also convsr':ed whito phcsphcrus to red phosphorus in coal.ed eite1ls.
Althcut~h tho operat:on is screwhat hazardous, no difficulties in the rre-
paration w.i,@ ropori.ed. Ths shells are aald to have perforrmd very well
in firing toots.

The exparl~once of the Arsenal voith fillitugs cortaining red phou-
phorta~ and tzhe *xpurience of TVA in the conversion of white phosphorta to
red rh'xphcr.-us s~ppbtred to wurrs.rt fuzrther excploration of red phonphc'rvis
a corponent of phosphorus fillinG.- for MUSnitions.

Fcr-tiunv of Red Ph~nehorua ilatmcsphoric Pressure

r7A resuez-oth on thes ccuvsrsion cof liqui! whito phomphoris to red
i.; ~aa showir. that as tho prcp,7rtion of red phcwpl'orus increatee the

rnixtrno revains flufd at the zneitir. ?oUimt of wriit3 p'iosphorus until the
red phoophorus oorz~i~tutes betwvi) 45 and 60. per oent of -the mixture.



At gov*! oritioUtl compositicn, rhioh varics for reasons unimown, the mixture
sclidi 'los ut •i0O C. Lind carnot be malted at temporaturea below the malting
point of red phosphorus, 590' C. at 43 atmospherea.

A 6.-aour heat of liquid white phosphorus at 280" C. aonvarta an
averat, o.. about 40 per- cent of 1-he phosphorus to the red form. In S oon-
tiuuou operat.on desiged to produce Pluii mixtures of red and white phos-
phorus Ifor oh:Lrgint; in'.o mumitiont;, bois tise of reaction is not i1cessarily
axcoss:-.,. Any mixture of red and ihite phosphorus fluid enough to ba
charged iLito a munition probably would be unstable physically in asisert
storae[,. Such fluid mLbtswres might be used to admntagse, however, in a
-wthod involving furthor conversion to red phosphorus in the munition.

Iodine =4d sulfur catalyze tte ooxuoraiua of liquid white phos-
phorus to solid red phosphorus. Laboratory experiments, in glasa, showed
that v itr.- phosphorus containing 2 per cont sulfur, on boiling for 4.5,
5.t, ai.d (3.5 hours, was converted to mixbures oontaining 57, 59, and 59
per OC.t, respeotively, of, red phosphorus. All tVree preparations r3isalned
solid, without separation of vhie phosphorus, in boillog water. 3everal
915 grenmmdes wore char6ed with white phosphorus combaining 2 per rent
sulfur and heaed under ref.ux condensers at 2800 C. for 1, 20 3, 4, and
6 hourt.. The ;roenuds that had been heated for 6 hours contained a
therma..ly stab!'e filliag; all the ot-ier fillings bohavsd as fluids at
65P 0.

Form.ti.on of Rd Plosphorta in Seald Gronaxdee

Grenudos wore charged with about 370 grams of white phosphorus
oontat:in; 2 per cent sulfur. The burster-well threads wero doped with
,!quada:;, ma aqvowo suspension of 0oloida.l graphit9., ani bne Lell Wae
norowoc into plaoe. The olcsire was quite effective; only a few r-enadea
lealwd in rabs'qusrrt operations. A 36-inch length of 1/4-inch pipe wua
attakchd to the top of tie bur'ter well as a roa&ns of supoort for the
grenaN. A t~rrmooupi( was passed through the pipe to tee bottom of the
burstcz wtii. The grou;des weta hesbed siiely in i vrtical tube furlnae
behind a bbarricado. Proviaic~a was made for raiuinj; or lowrring the grenade
throuaý t:e f•'nace tu,5o by remote oon:*rol.

rhe .;rr3mdes were neated at the rate of 30 to 5 C. per minute.
temperature registered by tie thermocoupl) in the burwter well

•boit 4980" C., the exotheormi c, version "'oaotion took control and
., tesizraiuwe to about 6600 C. In from 2 !-o 5 minutes. I2 snb-

seoi. ruos, L buck:t of water was placed ander theo furzaoc, and when the
tEnr7wrtts.e in lie 'erarde began to rise abruptly, the Mrenade was loderod
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%n~-, ~&ter. The cuonchizt, reduord the mboximur, temnperature to about
54'1.In one run, tlýo Ereradu jairm~d in its dawnwawrd lasagyi from the

ftrme') tl.tba ar was ':*ifted Lsbove the furrace. Tho temperature rose to
6620 ;. , cnd the ereri.da x le The bcdy of the gre-nade separated
fromu `_i 'lop at the s ̀ .lver- jolderc'i joint.

The* gron~dou in fjii~ch tho red pho~sphorus oonv.orsion was effected
under greisure wo~re bulged at the bottom. From rwsure-cat3 of the do-
f2actien of th3 ibcttorz o.' three grenades that had nut been quenched durizig
tlze co-ivesioxi, it vat. coscul.ated, from formulae dOv3loped for cylindrical
7-moseli vtith fl-.;t ortdc, `.hat t,-,, mt~mum pressure in the Grenades was cf tho
order 3f 300 tc C-00 putju.'s -rer square inch. The vapor prsssura of white
phosph:)ru-, acczo: in Figtzre 3, is betwoen 500 aind 600 pounds par square

Inch it-l tue rxiLaun ternp-rwture of about 560* C. rocorded during the con-'
,vors i o.

VY3 arai.tabla thermal dttta on rod and white phosphorus are
inAleqzx.t: for oloaeo t..pprcxiration of the naximuxn tompere~ture that would
be rea~hal iii t~ri umor.iom .)f a large amxount of white phosphorus to red
phospharqu in a olork 5u. onta~nsr. The heat of the oxothcermia conwersion
-is abo it 16,00C r~alor~es per mole of P*. When the grenades were quenched
during the convirsimu, the v*-xirnum teitpe ratutre was ab~out .540* C. ,When tho

~'enaf!',i wore not querlotwd *wvt renainad in the furince, whioh prasumably
I 'ad SUL effOotivo temperature of about 5i00' C., tha maximi~n temperature
was about 560'~ ;. Hernc, it may bo asumend that if no heat were lost from
t ho gr.nadle duriag 1;Žie converaion, UP imaximum teirpsirature probably would
uot e:tool 560' C. This temperature, and the oorrespoz-rng vapor pressuro
of vih;.;e rjhosph~rU3, 600 poind. oar square inch, are the probable limits
to iwh .h A closed container vtoull La aubjeatted Lu t~he conversion of white
to r-ed phosphoris.

Sirnce red phospho.,us m3ltsa at .590* C. under a pressure of 43
atmoffl ir~s (633 pauras per square inch), the Meet of fucion of the red
phosphwus, estitaacsd to be ubout 16,000 calories per mole of Pd, would
abucrb all the fast of transa'orvaiton of white to red pkcephoru6, thus
zattin,k, 590' C. as tUie mpparent. ma::imum tempcrature that poosibly could
be ob>iin-~ci In t~to converaion of *4,ite to red phouphoruc 'In a olosed veasel,
inuitiltily hoLt;ed to &nzy tem-jiraturc below t9OY C.

To test the effect of varrcts aimount~s cf sulfur in the catralysin
.Aospttor.3 converstic, greni.des wero fillal vith 770 granrs of whitu

containing C, 1, i.nd 2 por r.,rt sulfur. in Grenades ocritainin.;
~.rtherapd enveiion boran at 320' to 0*C. , and the maximum

t*.mper.ita:-a roachad in theo quan,;hec, grananoes wits 5(;3* C. W(ith 1 per cent
slilfur in the phosphorus, t.iv rapid. corvureion baEtcn at B8OO to 290* C.
when týio .:.;ror.ads waL I-laced :'.n a cold Civr'too and~ heats-I, Wnd at tempera-
turos botaloer 2600 axi 280' C. 'waun Uvi ;;rcnade wiln plAcett In a. warm
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(abouý 15 0" to~ 200' C.- fur~kaice anl hua-bod; tlie m~ximuqt. t',mpcira4t.:ro in tho
quenw,,nd er:ne v.ari~d fr3'n 4941' -.u 544* C. 4'U~n 2 per canrt sulfur, the
rapid1 aoon-rs.n at.td~t tem~ar,.tures betAeen ~770' wtl1 29V~ C., aud tha

'UtNV teyaQv.tur-o ia the wzonc(bed grevad'3s varied, bet'w,,e 5300 and
550' C. 07nrcx ion ;;awx rally Wa;smoothezt with) 1 per ce;e4 oull'ir , and this
amovurt of cctý.lyt~t is rocoroim)ýd for tho convorsn.orn. T*Ik sulfor is added
conrer.lerntly -.Lý tho fo~rm of tho li.quiL ph' phortu .SulI'ir outectio oonitainin.7
30 ?er ccrnt phosjphoru and! 20 V-ir cant cinlfur.

Ort, fr -1.A'Io in wahieh red phosphorus wa3 prepar~d froma vhito phos-
pho)rL..o cor.tain:.rA nýý auiftr ar~d rn!3 in w~hich the charge oon~aineci 1
per CLk zUlfthr 'Nero out oien. Doth pri_4ucts weni brick-red, "ihi-3iva
solidz; thut nmary filled tho L~rernade!,. The produot of t;he eatalyze~i con-
versior. .onta:.n=d soir-, very snAil occliu!ed eirone of what appearedc to be the
liquid. phosphvrus-sulfur eittect.Lc. Por-bions ol' each. of thL3 productf, were
cru~she d, with coasi~ierab1a difflcultj, ijA a porcelain moi tar vndor water
and w.1be a~*j.lyzoid to determine the proportions oi' red arA white phos-

In -Thr-3o of -tho convorsion exporimants, quonching of tha gronade
halted the rapid eoonv'.rion that ep.pjarently had tyiefl eta~zted. Subooquent.
heatluig of eaoh of Vit-. throe gronades resulted in normal rapid c~nversiorL
with *-;he :,ttalnment of norral 2mximum tomperat'-res. In tho ab.,ciaoe of
cool~ii coils -within the plicaphorus ~nass. contr-ol of' the extint )f con-
voras.on by qudaching, thore.~ore axppeara to be practically i~iipossible. Th.
red phosphorus prep~red by this method ignires readily and burns freely
when týhe munition ia burst bj, an exploder, howevAr, and P~ore ic no
apparent reas.)n for attempting to control the wiwount of conversion.

Beciaoe of the uncertainty that the oonver31o= actually hiam
startad whin a temperature of' say, 290* C., i6 reached, tho in-piece
methoi of forming re(ý phosphorus in fillings for mzzuitions would involve
certtain difficulties in large-scale production. If the ox~ition could
with aertainty wifth.sltard an intarnal presburo of' 600 rourds per square
inck. at 600* C.,, it. uculd he filled with %hite phoorphorva' and oarri'cd on
a oo-awycir belt throuji an oven rtzintained at soise tompt-rature, say
320' i. t ivhich rapid covversica is ourtair to b-) initiated.



:t c r'pktcd iu iD3KP No. 793 thnt the rapid con'-rersion ran
ini'.;iLtad in 4. ci-inch CY str11 tlahnt ware allowed to ramairL in ovens
1)-abcd to toWau tvieen 2.24' and 2tS5* C. taitil cconrervionvjaa
oo~,put~it, but tz~e lon,-'h of -Li=~ requireid at any of theze tompe-atures
16 zot ;tattd. I'M prepara!-ion of' a fluid mnixtura of roughly 40 rr cent
red bzA 60 nor ;arzt whitoe plicsphorix mij~t be f'easible In ecquip.Wnt
s5.mllar to ;hat in t..e- rVA -i.-,ot pl-Ant for oonvesrion of liquid white phos-
pho:-,.ý to rod p~01ios!urU3. Sholl.3 jllod with such a ml.-ttAre might be
ioealaci ard hcat~d to coxplote th-e conversion. The use )f auoh mixtures
prctbaliy ?;ould roduce rnL.terially the tuimporature ard attendant pressure
gewrut-ed In t.,w rapid -onw-jrsion.

TBEýRRLU STADILITY !;2STS

F'ill~d 915 Threnad'ns more tesetd for thernil stabi."ity by
nt.int.ifýIng tha~n at 3b C. .'or 8 hours, %hl. lying on thair aide.;, and
subsoquently ocooinig tham in the saej pocition. The unblAr~toe Oaused by
the ch iit in t i u pos it Ion of the fil11ing w~as ear zm ed on grt: mdoa ocon-
tai:4ng oerta!.a plastrur-of -pa~ris, Dur~alon, and red phosphorta fillings
to yipld the r31UUE; listed in Table II.

The plaster-of-paris fillings appear to be consistently stable.
regardless of Cie arnur~t of water used in the preparation of the plaster.
Oro-.id.js contaiAne, rcd phoiuphorur, forvvd in plaos by convervion of
white ?hodi~horus, apprerntly kre uxwnffeotod by oxpcaure to Lny temperature-s
at. *,-h--*aoh vanitione micht be stor.3d. Via mrrzred tlher*.~al iL~utability of the
Duralan fillineA in Us~ presenh ueries may perhaps be attributod to
iL~a.jifcioint cling or the fIllin.-,s beforia the tests rere mule, or to the
use C.' an instý...fioiexrt amoun~t of Uinder, although it was thought rhAt
*zo~jrl binder wmis aliveys used to aitsure a samll amount of 11.quid resin
standiu6 on top of th~i mama of pho.zphorus granules Anen the filling was
place(: in Uho ýrons~o.



TABU~ II

ThermlE SteibjiLt; Tests of~ Phosphorus Filling& in LQSb 3renades

kGrasaadas heated ') hours at 65* C.)

Ot., g. ShiLM of oauitur of
Age, Fill- Gre ;t. to gaiy M

No. Fillin, d-ys ing nade bl1anc.o, &. Greade____ :L

Plaszer ofprswith 185_grarns of a tirr r -granulated phosphorus

"CA fl'lantsr IC-); 'water 6 6 337 684 5 0.22 0.45
C3C 80)1 6 359 721 7 0.29 0.59

C4A -ia~ 10;5t~ o 349 691 7 0.30 0.60
M~, . Plac 0;-tr6ý 5 351 894 3 0.13 0.26

C5V Flast'er 100; wa~ter 100 5 310 c.50 10 0.48 0.97

Rod phosphorus converted in ra ealed 7 nades

RIB Not quonched 1 292 630 2 0.10 0.21
R22 %Quenohed 1 374 717 0 nil nil

R )!-,osphorus conv')rted at atrnospheric ssure

R3D 1'oated I hour 1 381 751 57 2.3 4.6
R3U Leated 2 hours 4 374 774 6ý2.3 4.7
R3C Eeated 3 h:ours 4 383 772 26 1.1 2.2
R&~ I'sated 4 '.ours 1 375 746 31 1.3 2.5
RU.. Heated 6 :iours 5 374 761 nil nil nil

Dura ion

M3 ýitirrsr-V7aand* 4 318 C-64 3b 3.6 3.3

E4i3 ttirrsr-6ran. iP 4 268 i02 34 1? 4.0
kL4C Vtirrer-Ora-. ;!? 14 27b 59b 30 1.5 3.3

7.osh .OI' 6 2U5 634 281.2 2.6
AA..avah 42 ~ 14 299 844 38 -. 8 3.8

k.,.-4 +8-r~wigh #%P 4 281 623 47 '.3 5.0
*LGIJ -4 +9.*rvis 4f 14 287 635 52 L.5 5.4



d-a&d at 1e'vu r. ctaa-drd, cbj'cir nthcd of' toit
<YSCCPU ii" - ff; - thi r-nrfcrirnnzc a?ý saah fillia's

lu~~~ g*:i UVOLf Lh. - nnr''- ' ti~e tfeat.. are outdoors,
t m n. L~~ L-c ir..a.;e xci. a' Y .±ri-C~dly by th'e oram-Fdiig at~rrvzporio

cxA3 .t LOr-,.

rho~~~~ ~~ ni ipe.ttpr'oicxrn~ntai wrork iv t de%-slop phosphorus
Pil L~;; hat,:i1. s. :r utizit't.ýo2 usinv znuniticrns .:14ci ns h 4.Z-inch.

CMI 1`. -1); whit V..ty C ft,-out S oid oP r.asý-,ir whita phosph-orua.
Thc; ¾uraition Ssi)i pvct -rrýýd sc'. , in ;w .-r~ znovw± a,; 0 or Yrarer iilus per
ho;.r, an cpaoL. jeo, Lt',at 2C £.X 'aiih anl )GO yards iung; tiat persists for
u, Lu -. t 6c ts(cC22ld.. -' t;COI n Ianltvi hvhr1.A -lW(", te I~ grenade

Th *'a2. :a' z v cap~nt'5t 5 of 0.9 ;:IouwI! of mw~irei white phosphorus.
-;.uctory 1cfoir l Oft a p:o3i~o Ulingi the 4 ranade niss beer. defined

t~oftt.ively 10ath iClie j Ul a1c. Centtr ac, the yikeld of an-j opaqlue screen call-t
IS . t hig'h 10' 3,m d sn; hat persis~s for 20 5vcCoJtis. In firin~g t.ests
01 P-t-- :ionltlrl;ý f: * t o' s-,ý; 'a J: 3ticiabout 200G yar'tts fronti toe burst of
ttj ;.2-ilcah i: 11r '0, le .30 ya.r:Th irom ;ho buy.!'. of tho _oronode; the line
?1C'.W<! 1'3 Ul*jfl t.2Zc_. vx;' lhh'2 but :b ;-L~aD, is niorra±. to the iJlrstianl of

rot'si:' ' te frJ'rA.taoci' a givelt phoznhoruv f~i flog in P.
Thic ± 1 on vnru L-, sic :if' !;ic j--irfotrnc of ";a viK flilllii; in. a c~romack it
so.Aiaaib-a;; fautuors. mu~ch lro.Gr prufportion of' tha Lilting; 16

k.3'3 wa! ina thcv tur.t of' 1:ho grvnlo than is conruniod In thu burst. of' the
,jol c 1. !ha<,so nvý -nmr.,,mtLd by the, 3 ,attero] frgm't ro!,, the shall

is r-1~.Iat4n!.;nro ut!AI le '.c:.ts 1argeor .,haa the Bomron Crc'ri Cho grenada.
Yut't;. -rmord, In ¶d.tlir't ;er -Lry :cc&oduc utroacirri of cookeo that do)
nlo' srn an oh::ira orjeA:1, blit 1 ; "fLyon apna.!ra that c. p7opcxrtionatealy larger
flu's'! oD` at-,s ' : '.aI 'cx Eru: a ithoe mkrniht produce a very dnti3fLcetory

3::v: . nc!a ter ori bu; in w~i~vs m7-ii ý at volocitimif of* IC or ;nerc "disc
ge'.! ,Wh161. t~hc tc XlUney of tlat ,lak. 11enerattud by th. bUrnijrg pavsphu~rus'
~o .;a :'sl 1A.,n''.-Ito 3h0 air '.. ov-e'.oak'anc+0 by the 'Ards v.rioh 1holds It

do,,; r thai cr. .;'4. A ai cnwf r.i tluro the sere-it. ray lx.- broken by
*~f'V ri~ng;Of" '.,;r ,'Žnd.



d a C--z2 ." tc . wio.. r .- 4 paarfori :a I as in, ~i in g i.tt
VSL S bet -. ~nd r :.;l., -;,r 'Inow.-; at vu~ 1 :iuti (s i-0 vairi abI a
oCff5 -t o-V the provailing &tmo),phzjirc conx!itionr o'n tii-ý eý.te of rias and
dict;LFation oi' Uiha i.n.k-e d.~sief±icult a datcrnj-ir~tic;2 of the-t ability of'
the scatteredl i'aemýrnto o.' tie filling to maintaiL a scr-euiag :.roke. At
wind velot-ities 6refit,-r tln, 4 railt's psr hcur, the sooka produOcd in the

brtof Grenadaee tand.i t(: imo'i downwind in a bodiy, E-iid the soniolke generated
by tit barrin- frcrots Is ir-aufLiaii'n~t to produ,ýe a co:ititniucu screen between
the initial oloud aud the rite of theh!rt

An 4-ainiiztinn cf photogn-aphr, of ri!LoLez producf~d by (E.xperi2rWntal
fii~llias in greziadea sic-.vý tftat the L'ra,.urinta scutterei 4.n the burst of this
.liunition turn fast oucLoGh to zau:taia aa obscaring screen ir. winos. moving not
factar than 3 1,dles p;or h~ur. .7n f'aot, a win~d vel3ocity or' 3 txile.z par hour
Is iooked upoa as a na.-imz'.. The a73raeyu sustuirLnZ x'~lecity of' the smokes
rettel as good -r% t'ý, p'c.xs(nt report wa 1.41 ad.le6 per hour.

TI ̀rko advaats P- of .ornvwibat unfmweather vorditi)ns, the firing
te!3t3 "i-0' mM(Ae btatoen 5':60 ard 7.30 A. M. Ito corrclaticr was eppCur~nt
bet-.%3n the grouind -air tozi~arature gr,1ditnt and perf'orT~race of' tho fillings.
GoadI soruEeas varo c, ;talnac wlhen ;hc air was 20 F. wari'wr tI-Lazi the ground as
well as rv'hen t~hr, Er!.und wi F, 3' ',. .-arzor than the air. The tes-ts waro
di~continued 'vnon t~i wmizage wind velocity incre~sstd to ftout 'i milos per
hour. As the wiind .A:cked up, 'iowever, it came in ',s3 ard a fnpw rrenades
%~ere f'ired in. vinde es fa:.t as I miles per hour.

The porfo-yrazice of ttHý experiir~nta1 fillines in tho pzasent report
*a %a.cumod to he &)ird whon the burst produced an obsouri-rg acrejen at least 10
yards wide3 Lhat peraisted for ev't least PO sreconds. PiIliings tlult Mvwe scrnen-
in., Rfokee thlza persisted for 11 to 1S saeonds were rated 6.5 fair, and thoes
that ýavv sorouv;,)nC *eok-eit that; parsistrod loss thp-i 11 sooondn -s~re ra~ted as
poor.

It wna tm'.raoti sal tc. set up a target. co'i-rovird from tho bursts,
becoVuse in rolaA'~iye3 CtV-i air the aoreen might Pasver ccjvtr tho target, and
in f-it. winds the cioxcuri:iC aeron viould drift past the target much fast~ir
thaz t!,e acreon wac diabipatejd. Thus, iu still tair tho soroen obscured L~
tarfta; directly behird tho' burtt, in winds 1%.!tar than 4 mf.loa ref~ hour the
ocreoei was assas~ied tc objfsixv t. novlr~rgr target, va oly In wsind,- between 2
P.ncx 4 yr.ilcas :)-r hou. .oul ani t rrluatiou be made on a baciti OOzr!&ratle to that
uasrc itn the eraluatior. of aorerns fron 4.2-inch C14 c~holla. Onlyv about 50

6t of thcso ,;~~oirat( I Lis Good %yere fired in wiric~r having, vlocities



ob'r.~.4zi direc. Av; ::"O' -;2'i.. to v'- otoi w ~;j'im2ph&no
~r~:.~uy'r~i.~n ~ ~i'i2ig.The u~noui~t of' u~ti'ul -,.k la a funetion also

of si si., n r .t hu: idn, of C~a f r~zp-onts 3i' tb-, fi'.1ing that ark,
~c.tdin 1.I'ý b.:r,; K D Lacse cJitratctrI stica, ia a!T, '-t~d by the

J'l a . 3z6 oý' ji raztuýtott phos!.hcr-.)s o-' which the fALUn!:- ia cnpsd

P.g~e sbov t"hat 4s ;us rA.-ctures af 'i'ff'ren-, airc~ of granules
of' -)vosoho.run .- ,L-w '-., ,sod to o,-tz44u a jLivn peraout&!ýo Lf iclda, so thalt the
:Iaiji v~i~ht cot photpý'i. rus -,j x3e ;hargedi into a Llvau sr~acte with either of

s .-, 101bi -.Lx tozt u 'er~ MILIu coroaad ai rxturcas of varLous
pjrc.!J2Ir"Ion3 of' dif.oi-t-0, of -hosp.,orus rraaules were prerftrad with plaater
31 -,aria and .,Ath '-VA±.~ tLS' thlý "ct ot of pc~rtvicl size 0' the CranulLtod

or: the rioý f the 'illi~ngr. "he re~i;3 %Iiuh are listad
.:n '~Leill, Jmdicutc- tYW, .1iaahr partiu&.- sizes givo bettor perforrianroo
tLk.t Lt.t cor t;.." th, p;u3orfornricmi of' the rolat &-ruly -imall keight of
ti:o vurý f.rc . ir-~z2a~ phosi~ort'e when -.1sed %3m is pxrticularly

o-Tec-t of Paei'-jcle fi.-ii of' Granulc.tccl *Ihito IMhosD1oc'is roa

1'vr.'or.Tanncc or' Exprimnta t IFillii~m

St. u~a. aloilysia 0- Pnr oeat. of' Srixoader,
" "pi, wt. of' N1oi'cu o. of' prcd-uulni sooreO1 of

I1j ictited ncLd. uIZO- hIa rGod, grenadve indicated -3cralstence

Plau..ter-of-puria fill nj..

. 110~ 4C, 0 2ba 20 100 0 0
10 C - db 4 50 26 2b

S 15 66 0 1.64 soZ 25
7.) 0 f; 30 "!66 4Z 25 so
CO0 0 4C. c 2116 d 4 7

ICi 0 0 0 u1 26 0 75

C, 31) I(X) 0 0
C, ic'.)' .

-;6i~ 40 0 9 iio [k
'11Q0 c 0 ;`'4It 25
.tC '., ~ )4 25l

o T'-stad a; -A'rmy C'vean.-oul uztr.ý



l ffcct r"' !3n14

Fillians ;;cr.. prtsprcd b,,, inccrjpor..t~icr of~l'~~ raixturat, --f

Tei-J3o 1V shoit, the o`z~t 02irin2- tocts -f' t'ýes.a fi~ll~n. Mhe Duralon
:'_J I ý 4 aprnesiroa to :1,, i 1_I-.z rerfoi-..2r~ea iii tests at Msila~ Dam, and
th-c plus~ter-of-r-arls tiili ,s wrs rathe-. disappointin,; in viavi of' thVir
very v r:""' :inj L! i PýV 1,ua Te~ts. inr *:iuita limitedJ and
inccrclus t ive f~irinL; tusts of sorm Of thL.10 e':qrrizreai~al fi'ilirrn at the
Arrrý Crcenmical Cý.ntir en Octý,Wor )6, 1947, a !at~o clicrtly -1!'t*-r thie pariod
cvv2red in det a-U1)by Lnc present r)~r, ;li nter cf -viri3, pm-nolio canting
re.-4ns, and Thii~col1 iJP-2 ajrpcar.d to fovrm t'illinxt -iith -;rt.nvxatod pho~sph3rus
that per-orne-1 J iL -runsdee, t.vkLertar th6 perf.rrxii,co cir DIZAlon fi'ijinj~
v~ai rcilatively pcov.,-

Grc~rados f.511%ko :ith ;wassio -ihitx pavs.-norut wore unauI as control's
in thiu fin-inL; t_,st:,.. C;' W-sr grensde&, 60O-)Or cant lwere Lood e.jd 40 por
cor~t tv,-eo fair.

flustici:;t.! *bi~o Pho3pk'oruri (1,P;: On"t of LhM !,s iisturbing
phorcaiwna enoounteraO' in the eva~~ato notxparitrontul phusphor-as fillings
in frenados is the ccasiatortly poor jpertirrrAnoe of FKP in firirn- tests *.t
AiiEofl Dam. th irrte'rial -,4rf",rvs well 1v shells. and Is revor;,i'.d to porform
satistactorily in ;,ccvjides In t~jts at tile Aienq CUenical @'nbor.

A sam~ple of Th!P, ruceived fron thi; Armyr Chemical Conttor and allowed
to rtýaz4 for two nmntbs untlr waiter in the origirm] cot~tai.:io,, had a apecific
grai;ity of 1..362. AssLuniilg thaG the upiccific gav-tv of the xyioino-rubber
go) w~as 0.88, an2d that tho Fi.F was free of cnn~luded r.tocv or gas;, the BP~Y
thenr containel 63 yor cont phot. phcrus by weijjhL. Four groznadev weore filled
wvitth 281 rraym eo&GI of tile Bip, four viere filled ýJth a inixture of 227 exans
of the PB4P ani 69 rrari. of plus 4-mesh Erranulatvd phosphoruts, andi four were
fillod with a -iiixta~rc of 185 trams of th-o Fo(P and 131 ,cramn of' ,)Iua 4-nesh
OaLu1lated pho:;phorus. Thei tot 11 weight of phosphorus pir eprenaide in the
three series was Uteri 191, 242, and 257 ikara~, roapaOtiva)ly.

In firiiuj, t~tsts of' theo rrenadas oiritain'Anr the Pir, a.1l four
r~rcr'tdea 1VT~iIW alcroa -.:re ru'od Qa poor; thrtif of tha f lour grent~dee
cortisinine th'jawi amn:)rt of cvirtx [-ranulaod phý.phorus w .ae ratud as
faJIn, anj ona was vated au pour; ,.r al.1t folir ý;ronudtj contaiznlhiý tro lWiGer
&P~~a of nooarse C1-~u1,tod pho-ipi-uruis vt.ra raLed as Yvir. Alth )Ugh a~dj~tion

-.- t 's ranulatod ihusipsorwl; to I1.iP rprclx.bly it riot a pruaticoil Mothoei ot'
* . pho* hrL fi- in, tile reeuitG VICt L'ir:ar t03tSj Li'dioate, at

t t t~w performno.nc~ of such filingkrs it irrprovcd tit; [;he )bos~rhorus
* conitent of th4 filliyq in ,,ncrcizoed.



10. ai, Per cent o.C ;rru:das1d prcr~ucLZg
r~~mdc ~ ~ ) 4 It.ncC dicmtod pavaý--tence

Duiru' .14C 25
P1~.r IC,,, vif,5r 1 44 53 25

P±~ ~r 0JJ 25 ;0 25
P&.:;:;ý,r 1.00, 'i'r 3)0 1CJ0

Dur i ,;n 100 0) 0
Thi-3.:cl 1.1-2 C50 50 0

*Urea -f rfira1" 50 25 25-
Furo; ýne 10 40 50 10
Pluait'r 100, i.trC34 25 25 so
Uru a-f o r~a u e ~ 4 25 25 50
Pek3.: phnoli.ý resin5 20 20 6
Duraz phcszoli~c. 0 5: 5

26a-4 -c -jvh a--l40ý,, .8mth jot-i~tmae 1

Plas Wr i00, I~r C,, E00 0 0
PhOnAjao aet.-ia,, ruzlir, 2 co 0 0
Thioocu :.P-2 ± CO .0 C)
Duralon t)0 c 50

bLaLomt1ory

Fb;'jL'- Arix Iin .i s: AliA-ouLh fili1ir.-3 lawie granlilti. CAS
ohni'nhorun ar! 3eoi-l.e plv ~h:tor oi parI& iil pcrl'Orrm~d szo imhat

*IPly i t. ( i to MiL. at i 13 40. Dc414, tho~t fi~lltn ar-e .- 11 only

r,.~l'L ý-t b,- Irn I-,'rlný, ta IAo aL the jkLxV 'c.xkl C'nrit r, two p-rl~rd40
t nori tm~ 4. P-it1 V% m 1f o-i,: n*.ni- th i c typo of fi I1jq ~i ii rf~orawd

autl~~~u: 5 .ý.itrA ,) 1 d.
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I ,1,w V,:. t~c !-! 1.2 1J,.2. t. tss3 both at

t I- ,.. f! -i I d 11t*,ic-ut+ tl~m' polyvinyl alcohol
Ep --:ýt-J I '.~'rzi of '-w -1wtc of the single

Zi Of j J. 'j YL thf rtj 6 'S e for st~bili -y aplxlarud

to s er -- Vl t.; eý 'r r, v;n fh thr i& ini-. 1 e lis

tzi' tn ".vt z

r,.f C. i i. Lirgancr. Acidjit~i wl[1 fi IlIiflj

.~ t-i'.2 S. '.veui o L-2, (uvr-cJ;;- 20 p.r cent wf
i'ur. xri4 -LMd : ,: cor. o:.' for.:io .elio, ;k thJt oply rtubler; bin ler for

cow, inir.; this~ bir~tu- wo iýý .zw.a;~1 tho i imily tI.arl the late at tatohos
of 71uralon filliugý, -K..r y .erarLod-,.y laes .tabla thanx pla~tstr-of-

pcr fillin.2 . Vii-ol 4ili ve ix~eri rm.cdi\Alwl in firinig
CL';~it .filsori Dam~ :iA %; i.ho Ar:.VTý Che~-(ai Cenxc~r.

r~c~zo Vln; 41thtnu,-, I-~r 'IC~ af. Sat Lin 7 dfAY3
at~~~ ~ toi;itr ; .t..y W)d, # ;A~-. ~;v >~cof oxy-,n, or the

?ro once of pbc~z £hx-x:: in t',%; *1i. n,;s in vJi~ch, Iii. rcrin wa Jz a lne
ali e~tly inh:.-.bito-d 'lie :;1:1 31 : roeij so tIa'a: only' - i(L t(.oky binder

a.vri nts of~ tv-i bin'j- v.rw'1 oTh o t~hu - znadea thr z;-L -~ - tt:roada of the
bu. t jr wel Filiin.-.i bt)wli .'.tit~ Furatone M ~rly Wc-l! in firi-ni

oivj -,rrg i; wer ajcdl sz . for -,uwi*2'it-.-. ph=.,.z vz rw1airo pa;-for~.;D1
";'at, cn':-~ itt'n: 1"*r'..1 15z.i vinc ýus,3 sa t * . roitvi, !,-, tv.& erwrvdoa
,hl, Wereo i-ý, ,f lta n;lr tocstted -C; 1>9 AvizW Cl enie'.a-' C.onter
pur ~or.r)Jc q.. irh1(~~.,jir i.ozrmd tpo rmill.;' utab '.a 121ny

* "r -r L z.'.1l 3 rep~n iaJ or:-%-. T1.1".rA1,10 Il 1i .,-N

,orVi: Fil..1w,nx 1e.**xrrktory zei;iUiu )rvr.&r,.d from urea..

rl ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~p .l~. -~'~h~z.. f. r... ~ AL .1 ~ forry-,d Ieuir1j iG i
in ili lf, Vu .. lt ".0 11I.jd ditin"zi' raitio%& or tk, .)iiAors aý . he taorpera&turt,
of to .h..rerrix, I sati~i ~ty !t,)t i;uk-s ,h,.fili.,-!a focj



t -. i .,'A :.zL~ .)I > ý !Tcct of,

Caz--I,- i r1n' uThnicvitko
-~~~ ~~~ I. UL -.W T'2;!U. uoui L ta

*~ ~ ~~ ~" a- d .~ .~j~fr,~
voL tjý z:C.. Nr. . 'lr~A tiino1 4

-, " -~ ' 'tc c~ jf hi no:~ I j~c~i:

I c l r v.; rrdj dr~ i;i 1. to E. ;:ixo.fca,~ticiz

O.'. 1. 1 ~ ' :A Icr -u; t vth9.-,.. ti.3 n'A 50 par cxti~

11wo f-rx~]lyuu fi inl .ha~ xi c, 1ý.' of ' hco. xhitle t~j~-1r~ fil"ing
* hr~ce, i"AL2 con~~L r' ed p~Žic'sby 1h'iiLng ,', atrinsplric mressure for

.;r7 -.-r! cr ý-LtCsd ýj o 02f aL'ii 1'L .r:.tij v,> ;'- c. j am. Thorf two

3C -r ca'n~ --- *1 rlhj~jii's I-. .ia -,. i~e chft 1;ý,cxd f'i.Uine,ý would have
_.c rm v .. ..:7, 11 ''-:r :A' [,,f, %&dos pr~d.xc,,4 frer,")z:ita of' f 11ling

i~iI. f-(7'A: p od Li , ah:-C.~'oru.jn, It atcL-)cr#,d thm' h&d
't .&::A rr: ;!tioxi vi 11 f ii I~ liL. "-u :;4at,+cr(,id o-~ irae,;irnts o37 vha

's Gi ,vt.' rý rc~ -3rod i,-Fi~ . )6 lri.ýr. .l~rGer imil.vr -, frar.rmant3 from

'~~ir ~ .~ d `-'~ T-* :,,d 'A .x.% U iA.;fýOZry iicrxjj~i..

acmtr ~pri.id a~l '.)s oatil-o.y of miusiv red -phas-
'A *jua 'k,'MA in p'iztco -4:t -kl- 7rtumdes by c~r~.x of

wjil i. x ph-,src.C2, ,r( F rfzr.= -UOL& t fi rL-p to Ft i t C' 1.1onx vat . On the
oihLZad, ý-i a-rvjnlrja oxital-ixto; iitA.Utr U 11lisiia perf-rriar cxel!4rxt1l

3 x Lrii-, tcs;; ilt ut:-, L-mjr r- -m Cxnt~r. C'hi door i4rf'c-rv#.uo~i ait ..Tilaoa
Ou... %m~i o-,n~in y th? t, ý;LL~riuz: )1' xijiktA7-cy Lxr~i ter C.(ulfltz Up

! '7.) L-hý,L, ~.Ui1k vmlI ýi -ro ijad.~ t.oo li.It1, zaxoko to
lei-) nna 31,'uritij I~rkr 1,ae t.i. re t,(n aL luraýpr nartVticr t tnC ;a

'. .'. d It ;, ~I-r; -a o r f3$ ti' , ' ro 'i- vu ± ) i i j -Vn'~ f213 - rp 1 ,3 I' m o;* it~a~



(ýr r, VI to:, t Iv i~ j' t 1~ .1it:i% ch gr zuti.)c

b:, :_ý p~':*_; t, .;ua '1 1"O ~?~ ~ c$

Lba2. .)I _hznr:L-ý 1 t !i roI aqý-.-ocuo solution o-:' polyvinyl

oh~~~i:~i ic'. " '.V~dJ~~ .Itr.Cgh.) c~oovuire'oa of'

l2. Fýlv lei- V.i lo i'orlho:r, aItrnoulgh tbhrc por -t~rov..l
* ~'~c' ' r' c~ ~iof i hLreav-;r t',ýe.r c-xontu_.1 eilriinatizon

o~ I "rb <" ..... j ~ i.iuitedphosphorun
i sc rTnt n3,i 'r 1h uirer 4 thi.t oL roliE , to forni rl Adly solic .Villfn,~

W-I1 1 `t cul `~"~n onf; of' ký-h op..ii~uu airiounl'. :)I Llrler &d L~ha optimuni
Lflix,-.wo ov Wia a-rioo. ri?-Atoi dinss 0o," :ranulatý,Žd ns~' ralated
ZUUI'! i;(;tric~ ti>ývv~ 311 t~bjIl'tj o..'ti-') i-wlu,~iton 'wid to thc ;iýr1'orruavoc of' the

;'ho L-turt!i zhift ol' 4ha czcurt-r of' C-ravity of' the fi!'.inzj fromi th3
Pj;oC bh f;.Ind mrt-lon :L-cidcr.tL to storaie of ths1 mm.tlona

on IA. OVC .. 4-1r dvn-t ccýi* It.Vasi wnpoý3&a Lu Civra 11. (ood inckation of -6))3
thr- 0..i 1 Qy o c flil~inF. k ~C~tt' wIll bý mois-truoteo;
Lc t)..ivii; a &'t--1A3AAwýoC.c of th(3 longitu-Iiral ehift of' ~ contor of' ,;ravity

c. ,viI Lw~- bt2ilitn tY`.u ov will±C b/1 e of ý-u ir. 6terimintjing
wh ;ý :.r ';i-!- 1'Vt iai c:;nter of' ~;itjr~ Ar; *nyt&1. ' :NiinG !.. due to flo.m
of iu-i ic ý;nc qajii ~;poub-c for.r1l yC-A of tht: bi~idor

ir;c Tha r~h<,sho:.-'iz ;vcL--.1e~ I to mo-m.;'-zt of' -the bivj;or 5.tL!if. ThO teat"
wifl l- -ie -n~ iu:.i p-riiwnt,-d fillinpg La both 1.113 S,-n~dos asid j;lasb contrtiaetw11.
Sine tho chw'u'y- i~i nl~ass con-tsinr will b6 'risibllo, Cloy wil)t cud in
intj.-przt-Atit.n of' t'io rias3vromnlto ndo on fyu~a

1w'c .:rfo:-mtnoo 11' tht; varioU..- -od phos}i.acwu. ~'ill.ingr hau tyuen rooc!
jn,3u.,h to wa~rrlt feir;-,r iurvu-s:Aigtion c~f wl.thcdc I've ucnvrc.zA.n of' white to
re -4 '--3r' .n nit 5.Caiz. A--,I('n[ th,) plk,: of' b~r- pr~bucm tl'at will ?rJi.3i o
the~ !.ort attcvy;.or, %r-3 th-D vat-.i of aor':i t ?rt~rir'u; tiape'vaturn.; 4co7.i
the nii-i,,- .r'tt .' a;I~.to j'flospnous (289, C. ); ;;l -,o onvr Oflo't tvl W.J ! *

to t.'ued.It ''h;. PrL!Marc. rraa:!tr rhun et.aaspAi~r.'o prea::we, bur;~ uct
ini en;:iroI- :iowid 'iystam. "t is ho-ned that rvcasi-ei-e d pho!-phorrun filinr,ý.v
-&*a ',r- pm-ii't- A 1i ;L d ".,1acb 4 o:7ýoiis containMY mr init;.al cbhi-rO of

I NCUM~



ci~ o:rQoI-iton- of the performn"f~ of' fillings, pftrticulerly'
reCi -,:ioip.horv.-. 14L~ ML; ±~Grcnadt~s with '-erforman-na in 4.2-inch C.1
Sbul. .3 iuj no-4 roadily- '.ppal'ent, it uppears tha~t firal test of experim~ntal

'ilag ho~idJ 110 rxda in 6holileq. To that end, grcups of seoils containing

the promising TVA cxqeriiental fil.ings will be prapar--d and su~bmitted to
the rsW Ch-3,LIf~'l Cerur'cr for storea*e ar~d performance teats. nork in the
i~.diftefut~urt3 iill bo dce-otel largely to study of methota of preparatior.

ar~d ,3tax-nduation of' trierm-el st~abilitieLe of' the various p1roloisLig e3.perimn~ftal
1'il2J.a .. vith tnae botv of' chargiAnZ the a;hdlUs with fillings that
roepr.a-iably may 'z- oxV-u!-tod to :71ve thot 'cost nEcrf'oewanef, poeuible for each
typo oI' filling.


