
This Document

Reproduced From
Best Available Copy

UNCLASSIFIED

S264,0,75!i AD-I

ARMED SERVICES TECHNIC L INFORMATION AGENCY
ARLINGTON HA1L STATION
ARLINGTON 12,\VIRGINIA

4

- UNCLASSIFIED

.}

I I



r\

4

NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other zhan in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have fozinulatedt furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any

/- - other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may i• any way bg related
thereto.



"ii~OIGI"t, I)U"tJMR1,7 WAS Ok UR
~~A~~y*?~h.T P~S1L~ EI$DUCTION

- FDJ(W~ Co?7 YURN1SMED ASTIA.'

~P i~'j; 731XAUIJ~tOR Ty

cHEU 4ICAL PM1GIH UPN'T~CI P rNOT MONT

Pro E:: l:.f7 Ierfori-'cd An Fo Pe!LApril I to

NIN

44



Tomennae Valley Auathority 0Chemicoal Engineering Deparunt m • t

r h, Chemioal Researoh Division

,I

pi

PHOSPHORUS T'ILLINGS FOR WUNITIOM S

Progrosa Report on Work Porformad In the Period April to

June 30, 1947, under Contraot W-18-035-CWS-1318

By

J. 0. Broahoer, F. A. Lonfoaty, and L. L. Irtas

-Wilson Dam, Alab•ii

U~cLSSIIEDTECHNICAL UBR;"rIyE n iA
EDGE W•OOD Afi, jAL



Tennessee Valley Authority
Chemical Engineering Department

ffilson Dam, Alabmma
July 30. 1947

11Oo a,. ,,._ WA

00pr ~~ftZ73 84$O

Conzanding Officer Z-" ?"T
CR$ Technical Commund
Building 330
Edgewood Arsenal, 3aryland

Attention: Chief, Munitiona Divinion

Gentlemon:

Tranaimitted h)rewith are six copioa of the fourth quarterly progress
report on our studies of phosphorus fillings for runitions. Tho report
covers work p)rforrod under oontraot 11-18-035-CVJS-1318 during the
period April 1 to June 30, 1947.

Very truly yours,

TENNESSUE VALLEY AUTHORITY

K. L. Elmore, Chief
Chemi•al Research Division
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PHIOSPHIORUS> FILLINGS FOR 1NI013

Pro=.sea R~port on Work Perfornioc 1.n the _ýeriod April I to

June 3 04 undor Contract 4(-18'O3ý-CV3 -.1l18

8 SUMNARY

eIn a oorr;inueation of the aoe~rch for suitable bind~ors for granulated
Ywhito .p bepheimw 1i f Illinge for munitions, boveral additional comiwroial
xasting resine wori tested.~ Inve le~+ Aton of u~lad f p~ke;bvrf

rea ins -frow!FaiSi-fltory -re", t4i4-was 4 ieoo1tinit~edc .

'A teat f )r ovaluar'ion of tho thormal \stability of the experiimonta1
fillines in projeo ~len wa.n deiviood ard used. iho wthod is b-xsed on the
1atoral shift of t to centor of Gravity from the longitudinal axtis of- the
filled projootilo irhon the projactilo I-- stored on Ito aide at 65' 0.

In toots of vr.rious bkirctinr- charges.:Ln M15 Zirinides, oertain of

th o xperiiwntal f!.liuga performod eatisfacotorily whon c,:plod-d withI
MJLAC fuzee, 1WLA3 %izoa boootod with a am'll amount of a rropollant powder,
or EC ponder ignitr)d with 1f201 fuzes. roth M6A3 fuzos and R conibine.tion of
powder from .30-103 cervico riflo siTrrivnition with M201 fuzoa proved
uwantiafhotory asa )ureters.

'Of the experimental ph'opohcruc fillingn oubjooted to firing tests,
those inwj~l graniilatsd phor-phorus vne bound with plaster of paric

-.were the oo5-t promloing. Fillingc bound with Duralon, Palestt o, and
Thiokol LP-2 porf o -med fairly roll1, but fillingak bound with ph,3nolio casting
resins gave poor a aolc corcons. -

Flamo ro-;ardanta, auo'h eas aro usod in pormiasiblo oxr)loao.vos to
lower the tomp-.:,t iro of combustion, appearod In prelimin.ry teats to be
worthy er further study as aVent3 for Improving the porforr~Anoa of the
phoaph,,ue fillings.

Piano fo.'4-turo work irolude additional firing tonrbr on fillings
that appear promis '.ng and attom~to to prop'are fillinga cornposed of mixtures
of white and red piokaphorua.

.-A
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2 o,)~P oi-Ucr cn'or.- PorfornLt1 ir tho "".,rc.Ani2.t

In. the 3-iront-h periodl covared by thic pror-rc-F roport, a~dditional

perforn~inoo of' the oxpcri.n'Mnt .tillir,, rjn M~15 lronstcl '~ime atuliod Lio a
functi.>a of tho typo of' bu.ristr. Tho ^ol cy-ing- e3ct;icrs of' tho report
proaont tho dotallc ol Toet rintT a he' plan riritoftr
rzcoaorchl on tho projoct.

?iI1BIFLETS FO:` _GRAN'GJA7TD ;'iRTI:?.!'F OU

Sines varioxis corcwxof-rol can% Knc r-zeinc nppo-c.red ~u'~rto rasing~
that could L3 concootod. in th- Iabora.,)-~y, prcparat~or. of' bin-iorl from
l.aboratoryr rokgonte s diaco-ai-lnuod. `1ovoral rronz'.doc %,orn filled with a

* m'ixture of' Lrnulntn.t phonpho;-uc and u..-i\,-frftural-oltric ao~ li~boratory
i'3a!.n; the f illing dotnricratt-d rapidll az 6 C. cov rgdTe rods
T4ero used in emn explora~tory iumti~at *1on of' bursting charro:m ':t4-h results ~
that c'ro not comprable to thr routin-, firl½, to&o'.

Con-eroial Rosins

'16* C. for p.)ricdc fromu cevert-l rainuto -. to a few hotirr. Thor leoems
suffioiently ritid for ueo a.? 1indore Ai p).ihr. il~g tro
tamporaturo, however, but the t~i req:--.re for tho hardening is longer
than that no-lossary at clcvatdc~ tcrrpor.\tura'l. At room tonrperature the
hardaninG is practically comp.`.otc in p-rioI~from svrtral lriiro -';0- a fcw
days.
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Comr-3rcial Ros3int U~out o.z iVinccre In lPhouphornu F17.linpo

Sotting
chaoto~trintioc, hr.

0--, 7T-r' ; - - able initimi Fimi1
1~onin innurrtot-tror danoij ai.-m n rol iot

Phonoic 1 t1jprid co

.03 7 24-48
Laker No. P~kor Oil 1oolu, catvclyEt 12 3 7 24

:t00,972 Los Angoloa, Cal. 100,0E55 \5 3 7 24

0titabond Ont~a1.in Corp. * Aocolormt-r 9 <1 1s 40
400O Nov7 York, V~. Y. M'~. C

Dure z Ourez*Pl*setics h Acneo~rmlor \8 5 0 a-is
1? A Choutcaalc, 7ý22 10 3, 4 6-18

N. Toflswanem~, ?1,,. 12 2ý 2.6 4-18

LMrblette Varblotto Corp.. 11hrc~oncr 10 1 21,48
Ito. 69 Long; In 1-ri Cii' No. R'2 12 11 483

N. Y. 16 1 2448
*Synoast Snyder Chem. Corp. Aocolorator 7 5 24

!Fo-130- Wthel, Comat. D

Syw'rron Rhode* Incduatri*a1 U1arcionr 10 1 6 21.
M~. 675 Corp., E. L'amrtcn, FA

M. Y.

Durs' n 30 U1. S. Stonawaro, Acti7m-t-ors
Arn0.F 7.2) 24 -72

G 3.0

Uroa-forn~leohydo typ
ra1oc1;io 53

Palentio Palontia Corp., 11.4otor 3.5 1 1.
Chicago, 111. Wor J33

Falauti~o 53
11ccr3.5 nsv.anplaster of paria

ffator I$33
Plauter oj

parla 1~

Th~iokol Thiokol Corp., PbO0- 7,5 vcry cohrt

LP-2 Trenton, N.fuui J0.44

Formrdo aoid 4J

SOn basisc! ev oltht oCr resini.



IA

Duralon apparently is tho only furano-typ- canting reoin tiiat
in produced comwtroially. Ito proportios are ckiplar to those of the
phenolic casting ronins, eeoopt that It is so what sloweor to harden at
room. tempoerature.

Palontio is a stablli.~od, vi.tor-colublo, liquicd uron-formaidehyde
condensation product. It was dvcnlop'.4 a a etrnothanzin agnt for
plaster of paris casta. In practico, rzlestio and its "factor" are added
to tho Yrater-placter mixturo, and the ronultant mixture behavea mach the
saw as ordinary plaster. The driod ca.t 4.s said to be stronger and more
recistant to ohipping than pla&tor alonJ . •

Thiokol LP-2 is doscr:Llea r:. a loa-m..ocillar pol•nu!flde polywmsr
having reactivo wroaptan torninals an:d aldo Groupc ca.p,%blo of further
polymerization and croes-linkafo. Mi1xturos of Thicr-ol LP-2 with lead
poroxidoe ar&-. aetiff and aomoAhet difficult to miT with granulaeod

.. hite phosphorus. RIoauoo of th-,s ponzible roaot5i n of th3 peroxide with
white phosphorus, the nLixturoo are oo-.eidorod noni4hat haze.rdoun, although
small b~tohes have tben proparod 7ithout mishap. ?ho polyTor otres readily
with furfural and formic acid, but further in7ooti•tion will bo required
to dotero•.r the optimum proportionn of tViono roaontns. I A

Modifioations of Binders

Although plactor of pario cants may bt stronGthened by the
incorporation of Palostic and its fo !tor in the initial rixture, incorporations
of uroa-formIldohydo and urom-furfural resins failed to impart any dosirable
charactaristics to plaster casts.

Emulsions of white phosphorus In wator oen be propared with
polyvinyl alcohol as the omuluifying r.gont. Emulsions containing as much.
as 80 per cent of molten whito phosphorus as tho disperse pha•e can be
prepared, jut the omulsions break on rtandinS at room torperaturo. A cold
emulsion breaks rapidly when hoated aloes r he t rolting point of phosphorus.
It wan found, however, thst fillings vYI1h docirablo Lu.wninG properties could
be prepared from granulated phosphorus, plasbor of parie, and a polyvinyl
alcohol-wator-phosplhorus omulsion that oon-tainod about 50 por cont phosphoruo,.

K$



Flydiuted salto arc, commnonly incorporated into explosives to reuc
the temjporcduro of combs~'tic~n. Amon,, suoh calto are gypoun mud other
hydratod nul.fatoo , alurim, brrar., anr -.:4i~ou* mmonitra Raltcn. The uniformly
good poefrfo ne or plactor of parls fillin&3 led to the a~se ntion that
the o~caos imator added to zr.ko tho initial mix workambjo mny have reduood
the pillaring by dooroacing theo tonrparaturo of combulstion. On this aswaup-
tion, f lama rotardanto wore adA~od to a fiJltinr, in v.-hich M¶rblette, a
ph~rlolic cacting rooam, wan usod tdn R~ bird'or. Tho fltx~v) roetardanto', borax,
potaaclium alum, ammonium ozt-lato, and opeom 131dtt brouGht abouL a narked
improversnt in tho porforuurnce of tho f£illinen. Furt~hor work showerd that
Duralon and Thiokol LP-2 appa~rently withrotood 1tho Incorporation of flame
retardanto letter than did tho phonolio rooin3. wloric on' the efiroot of
flame retarcdanab on tho porforrr.nco of phosphoru*m fil3.&ngu irn being
continlued. Axnmioniux,, altuitrttn, and iron chioridon will 'oo included in fuxture
testa.

THLFAxT, STABILITY TESTS

It la ashinu-d that thin oxudre-tion tlos-t currently uned to determine
the thormal stability of rT is not, applicab!.o to0 rirgd lfillinga of the
type prepared by TVA. Xt 1z a~ownn- also that the mjor advereo offect
of therrvil inatubility of oihonrivne ririd .Ci11irga w'ýLxld 1r, th:) la~teral.
shift of the center of gravity of t:-. filled projacti\le.ronti
long"%;tAIinalI axis when the Froioatile mras atored in a hoion1 poOition
under tropi'cal conditions. To rzasiu- this shifle, ia th's Ocflent.\of gravity,
ak rigid atoci track vWia oonctructod n~nd thq parallel vrn',orn wore ground to
true atraight ed~os. Ut-nAieno-o of thro filleod n~tseik- Y:aa roa,3ured by
determining thv3 woigh-t; ausloriled froni a ctrinr, vrapipe4 g'.round tho miseil~e.
necoesary to mmintain the idsia.3le ait rant DO*' from it.- i'iturcil rest point.
or. the levo)l track. Since 1:1'o and vilot-it of the rtlc:ailq jrro on
the diat4--o fft~ha contnr cr gravity frcir ths longiriudinnal P.xis MaG
oalculat-ad readily.

Irý prelirina.ry terta of t'av racthvd, Gco~ioaa or~ 57-mm. Class
tubing, sealed ot imio end, %-:zro filled al-out two-thirda riill of mixtures of
granulated Fhacphorlia with ThJ.oJkol L'-2. The rocin wvas cured with fiTrfural
ar4 formic acid. The tubes wrom aloccd with rubbor 8toppors through whiih
passed samll-bore glare tub~nl- to r.:sloace any presoure do~-Oloped in the
oontainrara* When the fillrr ),-i~d Maidcr-od, th') tubin wnre placed horizonba11y
in. a water bath at 635' C. fcr ý,! hourro elt'ir v.?hioh they w~ore removed and
allurred to cool in the amno ponitio~a they had occupiod in the bath. Aftar the
unbalance of oaoh tube had loun swaiurad,, th3 exuded phonphorus that had
ooloted Ir. the empty space between the filling and the rubber stopper was
out ouu- azu woiched. The oxvdnO. phonij~horra accomntod for about one-ImKlf of the.
unta2Anale of the tubes. Tho dcttA voro iraeuffioiont, howover,. to permit entination
of tho dicjr~ljt6,1,. of the raltainod phonyhorus In tho body of the filling..



contai ing lnriot thorzpa1 st4lty terto w.ero wd~n on L113~oiM
continig vriou exoriirinI fllirr-Thegrent-don con k~inoo c2 o

of filling, wrhich ocoupiod nbcau' DO Vcr rouct of tho froo op.-to inl tho
Cronado. In necomblinG tho GMo12doc., the tralo tb cada of tio burster
zells twaro ooatnd with a heavy--luty grcano. 'Tho Cronadon wi~re plar.-d onI
their aides in an ovxon at 05" C. Thirt~y-por cont of'tho Croanetloo so
heated leaked phoophoruwi arowicd ':ho khro'ida or tho jburstor wpl.t, u~uuVlly
within-Ahou'-i--Tho leaking &ronadas v.,ore ramoved from tho .oveni
i.'nsdiately aind alloi'od to cool 'n a horizontal position. The other

eame position they had ooeupird in tho ovon. ýTho rcsults of the toots are

shown in Table II. It is emppar:)nt that t~ho change in distribution of the
phoophorus in the Gronridoo oocu,, in loss than 8 hours of o~po::ura to
tropicaal storaee oonditions. Sibsoquent heatinG of somno of tho gronado)s
at 665 C. for 7 hourn whil-i at ~nieir on th'iir banon rustiltsd In roduction
of the unbalance praotic-ally to -.ero, fro'n whteh it is coccludc-d tbaM
tharnA insttrility of rillinr of thc typo praparoc. In the pr(;ocnt study
is due to moveiront or molton ph.-,phortzs by gravity flovr, aril that the

contor of gravity of the fillecd iiunition maiy Ix rostorod subtatt-ntially to

its original position by h~ok-in; vihilc. in the upright position.I
From the data in Tabli II it is concluded that, of the fillings

tootod, only those in which the binders Tiira Cataboad, Palostin writhout
"-~wter, -erd5T l 0 1 -2 are thow--ially unat:ablo to a det-,r~o, that- would

* ifteot the ballistica of' thie prz ,octilo. Comparison of JILA ane'. eiSA,
which ivero cured with 4 por cont "ormio acid, ýJth J3A, cured with 2 per
cent formio acid, indicates, hovvovc r, that nuital lo mathcds of curins may
yield a thorimlly atablo Th'iokol L?-2 binder. T'M uial-.lanct of tho PJ?
granado %vaa approximately sihat ,;c..-uld In o:cpeotod if it is aasuzmnd that the
entire charge behaves as a liqu.*V. at W5 C.[

All the &ronridea that had tcen wibjootod to thorn'al t'tability
tests wo'-e subeciquontly fired in, comnp!,rison with unheated (gront.des.
There .a no apparen~t difforenc,3 in tlo porforzrnnce of haa't3d -.rKI unheated
grenades.



TA DT;.- 11

%.t. oj' Tira r -0 o tx`o

C21. r1Imt'r of' lirtr. -10k' '42 00.2 0.51
10V 0.3 C..;

WI4A PVA-pJ.antor _ 70i a a 0. C,.?

16 1 0.4 0.13

E IV Dura1on .3 P, G4 I'm 9 0.4 0.9
DLA. Durt 7507 1;3i a 133 0.9 1. 8
D IL Dtiroz- 3).11 1)43 21. 1.0 2.0
EkI3 Catmbonrl 0~ 049 l' 1 2 1.5 31.0
K2C Cataboind 1 G 213 0.9 1.3
M1A. M~rblotto .3. G3 2 0.1 0.2

MU2 lMarblotte 31(7 5389 '1 0.3 0.3
M2 il I.arblotte -:( f; 7141 j!% 0.2 0.3
PI plc I'10) 3 ...' 0  X'1 .27 '3 4 .21 0.3

*PC1D Pm ).oo al;ia-p Iaa tn:<* 3!13 719 0. .2 0.I
J3A Thiokrol LP-'f' 302 C~ 1a9 3~.2 G. 9

.1 ? 3.% 6.9
JdA Thiokol LPr2r - 2.ý G7$ Z".G 0.7 11

16 2 0.9 1.3
JSA Thlazzol L.P-211. 5".f ~70 i .1 2. 3

*TGA Thiolkol L11-21 $. 33~ C 1. 1 2. 3
J 7Ao4.1W' ',o 39P 1611

aGrone-do, lbakod phoqphorus.-
bPolyrinyl.fooo-:;rp'a'i )r'-i1iiml 11cicod to t~m ~iy vmlmrt to

0 Paloatio rosin, fact.or, and water.
* d Paleoato ro3in a~nd Yhoetor; no water.

e Plastror or' pario a~nd Pcaertic miitvrc.
:rCurcd with 20 por co-at furf'ural, 2 per cont ECOOfl.

* g Curod with 30 7)r cantrL furf'ur~l, 4 per cont YCOCH.
h urod with 20 por coiit f'urfural, 4 per c'int £'C0!.
I Linsood oil unod au nlaticlir.3r
J S3ame as JOA, bu'v vwit]it Ifinem ~~t.
kSupplied 'yy JEdrporoodl Art~oril.
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PFIRIG T~ST

Xn proviouo firing toets tho exporienontal fillings iwr evaluated
on the assumption that tho smoko ronoratod in the ýburnt of the munition
was largely wastod and that tho idoal performance ivould to the production
of the minimum amount of cloud nt tho burst !Md th1 pcottoring of the
maximum amount of relatively lertp pioooo\ of fi lina which 1uld 1rrn on
the ground to produou a arooton-n, trail. Yr. Kracko, in his visit to
Wilson Dam on May 3, 1947, stated, howevyr, that the ided p 6phorui I
filling would produce an Instanmtanzous cloud that would hug the -ound and
not be wasted at hidior altituddn. On the basiao Of Inforxul talks with
Yr. Kracko, it is ooncltidod that ideal r.u1formanoo rmy to desoribod as the
produotion of a norooning cloud, Gonoratod almost uinultanoously with the
burst, that scrc9�z1c an area from ground level to a heiaht of about 12 feet.

Pillar in-g-tat results in .acont of smoko more than 12 foot above ground
is wasteful, and parr:ioe.- of fill-•- (Uixt burn so nlov:1y %hat they do not
maintain the origi:al oloud arc !ikmrisse wanteou1.

Tho firing t3atn cornrod ly the pro ni; rrort v..rn Mado on a
large, fairly lov.a1 fill coriprialng vtacto3 from 11.itrate P.laant 119. 2.

Firing usually was started at abow 090C hours and contiruod through 1130
hours. At the boGinzuing .'f rash morning's firing the irontahor was fairly
oool (70* F. ) and the wind 7olcoit, wac bolow 4 miler "por hour. As the
morning advanced, howmver, the tomperature roso to about 950 F., and the
wind increased both 3.n velocity (t-) 12 milos por hour an a maximum) and in
gustiness. It was obsorved that, -nder the boat conditions (oool, rolatively

still morning), soreoning csmkes persisted for a maximun of about 15 seoonds
in mo3t shots. As the weather conditions tomcw ,-;orzs, either the wind
oarriod the smoke rapidly out of the rar.o of of'fcotivo observation, or
thermal ýýnaocontuatcd tho pillaring offcot of the burst. In the

* -- evaluation of shotr fired under thoze uar-favorablo conditions, Vllo-.Mnoq was
rode for the adverse offoct of high winds and of therrzal updrafts. Future
firing ' st, will be mado under noro suitable o iticno.

Firing and 5Oservation Procedures

The armed 7ronado was iniortad, baso first and up to its shoulder,
into a short longth (if standard 2.5-inoh pipe. A loop of wire was passed
around the top of the burster well under the atriker housing and attached to
a stiff wire hook anchored in tho Grourd. The safety pin %'as than withdrawn,
and the pipe oontaluimn the gren-de was laid on tho Cround. The gronade was
firod by pulling the retaining pipe from the grenade r:ith a rope that
extended to the obpervation point. All gronades were thus lying on their
sides on the ground vrhon the burster exploded.

I!
Si
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Observations vioro rmdo from a point 50 yarde from tho Lu'rst, andattempts were =rdo to hocp the lino from thi burnt to the obsorvation point
at right anglos to the wind. Noton wero mado of the dia&Ttor of the buret
(total distribution or frat~monta of the fillinG normal to the lino of
observation), relative amou,3t of pillar, tiw of persotonoce of scrooningamokeoý-. e -, of scrooning tmoko, type of rupture of Gronade case, and
amount of filling remln'nn, in tb,; bur&l c•.•. A caira (Kodak 35,, with
14ft Omnioolc.. filter, leaod wr.th Rodal', Su0dr XX film) wni mounted at the
observation point, and plcturea roro talon o tae burst and of tho smoke
5 seconds and 10 seconds aftor lt1- hurcý;.

Pictures of tho vnrious typos 9 f smokes produood in the 'firing
toots are shown in Figures 1 arx 2. All the anoles chown in Fi-ure 1 are
rated as satisfaotory. The cloud shown in C2F is considred of the desirable
type, although at 10 seconds the soroen is boginning to thin at the left-
hand side near the Ground. Th', eeni-co.urinar type of otcud shoun in C2Ais obtained more froquontly th2n the typ 'horn iii C2fX The screen sho
in 95D is the beat that wan obtained in the carieo covcrce in this report;
the screen persisted for 25 seconds. The sorcon ahcr..n in ElB is considered
little bottor than fair. Crcnades ].IA •rnd J83 wore fired in a G-rile wind.

All the amokes sho-vn in Figuro 2 are considored unsatiefactory.
Too much smoke ic wasted in the pillar !.n DlE, whereas AMA illustrates an
extremely rapid dissipation of smoke, presumably in a thsrmrl updraft. An
undesirable ohareoteristio, friquontly c-noountored, of a tlendor column of
smoke with little soroening o•t-et iz• £.iuetratod by ElC end DiD. The burst
in IfP3 was obtained vh:oe a gro. ado coni.aining PRF rms b•ats with 'EC powder;
this is the only erenado burst cinmilar to the oharaotorictio bursts obtained
when fillings in glass bealnrn rore oxpolod with firecrackors. The smoke
in both BP3 and BYP4 is too thin for eoffective scraoninr,.

We f 1+2T,! of l&urator

The porforrnnco of U64/.D fuzot wa _ Sntiofaotory with all the
experimental fillings. Of the _ren.dos oxplod d with "AC-D fuzos, 80 per
cent were torn, 12 per cent worc cuppod. and the roet wrc split or lantern
burst.

The bursting force of MA3 fuzes was too weak for satisfactory
performance with any of tho orporizvontA. fillin a. When those fuzos were j
boosted with 2 co. (2 gra&n) of .30-'06 powder, howover, "he oases wore torn
consistently by the explosion, and the jporformn o was cc, arable to that orA
grenades burst with HSAA-D fuzes.

t _ _ _

V
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BURST 5 SECONDS 10 SECONDS

5 10 20 30 40
SCALE AT BURST EXwz• -. YARDS

FIGURE I
SATISFACTORY SMOKES PRODUCED BY
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BEST AVAILABLE COpy

A combination of EC powder with 1A201 fuzes porfornmd oatbutaotorily,but 8 oc;. (3 greaz) of the powder rman roquirc, d for proper funotioninf;,

With this oharg, 74 per cent of the oases miro torn and 22. per cent were
lantern burst by tho exploolon.

The porydor from U. S. Arny .30-106 service rifle oartridgeo,
ignited with M201 fu.-es, %na Inco actionfactory aa a&bursting charoe than EC
powder. When 8 co. (8 grams) of .30-'06 poidor was used am the buroting
charge, 40 per cent of the cases wxro torn, 40 per cent were lantern burst,
and 20 per cent were cupped by the explosion.

Incidentally, 14 per cent of all Grenades that were torn by the
bursting charge produced Good smokes, 23 per cent produced fair smokes, and
23 per cent produced poor anokes. On the other hand, 50 per cent of the
smokes produced by lantern-burst, split, or cupped caoes were rated an poor.

Performmnce of Fillings

All the experimental fillings prepared by TVA wore mixtures of

granulated white phosphorus with a fluid binder ihioh subsequently set to
a rigidly solid mass. Since all the fillings 2ontained granulated phosphorus,,
they are identified in the rollowing dioussion by the binder uced in their
preparation.

Massive phosphorus in K15 gronados performed too rratically to
be a satisfactory standard for ocrrparison with other fillings. Pillaring
usually was marked1 and the smoke usually forned a slender risine column that
had little screening value. Oddly enough, particles of rassive phosphorus
that were scattered by the explosion often burned for as long as 2 minutes
after the burst which compared favorably with the burning time of particles
of fillimgo prepared with binders, but the emoko generated by thos6 burningpartiol' s was not denae enough to have value as a screen.

Four grenadoe containing P'P were otained from Edgewood Arsenal

and were fired in comparison with experimwntal fillings prepared by TVA.
All four PIP grenades produced thinner and less soroening smoke than was
considered satisfactory. The smokes from two of those grenades, IWP3 and
PNP4, are shown in Figure 2. Grenade FIVP3 was exploded with EC powder, and
the appearance of the burst indicates that the plastic PWP was extruded
through the ruptured cace by the propellant powder. This case, however, was
torn bV the bursting charge. Grenade SVP4 was exploded with an M6A4D fuzeo
whereas this grenade performed bettor than any of the other FWP grenades,
the smoke produced was too thin to be an effective screen.

9\
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Phenolic Fillings: The performanoe of phenolic fillings was
poor. In genoral, the smokes tended to form rising columns similar to
those shown in DIE and DOI in Figure 2. Both those frllinge were prepared
with Durea carting resin, and the pictures are extromo examples of
undesirable performance. Catabond rosin made bettor fillings, in Goneral,
than did either Baker, Duret, or Warblotte resins, but the number of grenades
of each type tested was too small for conclusiro comparison. As a whole,
howemvr, eikt fonolio binders wore lesa promising than other binders.

fDuralon Fillingsl As shorm by ElA and •1B in Figure I and EIC
in Figure 2, Duralon fillings performed fairly well.

Palostio Fillings: Fillings bound with Palestic resin alone
showod suffioient promise to warrant further Invebtigation. Fillings in
which Palestie and plaater of paris togother were used as tho binder
perforved poror than did planter of paris fillings that contained no
Palestlo.

Thiokol LP-2 Fillings: The Thiokol LP-2 fillings were cured with
furfural and formic acid. Fillings cured with 20 per cent furfural and 4

1 jper cent formic acid performed well enough to indicate that proper ouring
of Thiokol LP-2 my result in a satisfactory filling. Fillings cured with
20 per cent furfural and 2 per cent fo-mio acid porformed erratically,
probably because of nonuniform curing in the presence of the small amount
of acid. Fillings cured with 30 per cent furfural and 4 per cent formic
acid porformd poorly, and modification of the binder in tiese fillings
by incorporation of linueed oil or ethylene gry'ol was of no apparent
advantage.

Plaster of Paris Fillings: The porformsnoe of fillings bound
with plaster of paris was oonsistently better than that of any of the
other fillings. Grenades C2F and C2A in Figure 1 contained plaster fillings.
Mixtures in which the water required to harden the plaster of paris was
supplied by a polyvinyl aloohol-water e..nilsion of phosphorus containing 50
per cent phosphorus also performed very satisfactorily.

Flaww Retardants: Plaster of paris fill £ns that are allowed to
set in a closed oontain3r remain moist with the excess water that is added

-4 to form an initially fluid, workable mixture. The consistently good
performance of these fillings led to the assumption that the excess water
in the mixture may have reduced the temperature of the initial combustion
when the grienade was exploded, and so reduced the amount of pillar.

'4

*
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To test the effsect of substances which might to expected to N
reduce tho temperature of combustion, toemral grenades were filled with !'gnulated phosphorus which was covared with various liquids. When the

phosphorus was covered with water, kerosene, or carbon tetrachloride, the
grenades performod much lizo grf.nIev filled with massive phosphorus, and
much or the smoke Trs wasted in a pillar. When the phosphorus was covered
with ethyl alcohol, the burst resulted in n small ball of smoke about 5
yards in diameter. Moat of the granules wore scattered unburned on the
ground, and about 5 seconds elapsed before they ignited. This behavior
is an example of the well-known tendency of certain organic liquids and
their vapors to inhibit tho oxidation of phosphorus, •:

moifedSeveral Marblotto fillings wore prepared in which the binder was
modified by the incorporation or 15 per cent of borax, 20 per cent of
potassium alum, 18 per cent or ammonium oxalate, or 20 per cent of opsom
salt. All these fillings performod Trell, in marked contrast to the poor
performance of the unmodified LMrblette filling. The filling modified with
amonium oxalate porformod better than any other In this group; ,B in
Figure 1 shows the smoka produced by one or those ammonium oxalate-
Marblette fillings. It has since boon found that both Duralon and Thiokol
LP-2 apparently withstand incorporation of ammonium oxalate with leos
adverse effect on their physical properties than do any of the phenolio
binders. Investigation of the offoot of flam r~tardants on the performance
of Duralon and Thiokol LP-2 fillings is being coltinued.

1 EVMY OF RE~SULTS AND PLAN~S FOR FC\ K

On the basis of both thermal stability tests and firing tests,

fillings containing plaster of.paris as the binder appear t4 be the best
that ha-, boon prepared in the present study. Duralon and Plleetio
fillings also appear to have oonsiderable promice, and Thiokol WP-2
fillings may be developod that will perform satisfactorily. The various
phenolio casting resins do not appear promising, but all the experimontal
fillings will be subjected to additional firing tests under more suitable
weather conditions before final conclusions are drawn.

A shipmnt of stirrer-granulated phosphorus, of particle size
mostly between 50 and 80 mesh, has been reoelved from Edgewood Arsenal. and
various fillings containing this material will\be prepared with the binders
used in TVA experimental fillings. Since the jet-granulated phosphorus
prepared at TVA is coarser (4 to 18 mesh) than the stirrer-granulated phos-
phorus, attempts will be made to increase the amount of phosphorus in the
experimental fillings by mixing the two types of granules.

UNfLASSIFD
i



"BEST AVAILABLE 12
COpy

Mixtures of rod and white phosphorui\ such as are obtainod by
partial conversion of liquid white phosphorus tý the rod form, are
promising fillings. Some work has boon done on these fillings at Edgowood

* •Arsonal and reported in T. D. M. R. No. 793 and in a report of test dated
, September 2,2 1944, on project A6.2-4. Cronadoý filled with *hite

phosphorus will be hontid for various timos alo ýemperatures between o60
and 300 U. to convert various proportiona of the white phosphorus to the
red modification, and the treated Crenadee will be subjoo d to thermal
stability tests and to firing taste.

SFrom observations 6f the performance of phosphorus fillings in
Ml5 grenades, it is oonoluded that test firings of experimental fillings
in this munition should be conduotod under suitable weather conditions.
The optimum wind velooity appoars to be 2 to 4 miles per hourl at lowor
volooitiei-tlesmoko may tend to bunch up more than is desirable In tests,
and all smokes mey tend to appear to perform much alike. At hiGher
velocities, even. nt 5 or 6 miles por hour, the wind may dissipate so rapidly
the relatively small amount of omoko produced by a Grenade that critical
evaluation is irposaible. Therrml updraftt from ground under strong aunligit,
particularly in sunmor weather, apparently tend to aoentuate markedly the
pillaring of a smoke, hence, firing tests should not be conducted when the
ground temperature is above about 80" F.

To obtain more uniform weathor oonditiona during future firing

test., the tests will be conducted betweea dawn and the time, probably
0800 or 0900 hours in the summer, when the wind becones stronger than is
desirable and the ground begins to heat up in the sun. A standard smoke,
which will be used to evaluate weather conditions in gencral, will be
generated by dumping, from a sall metal beaker about 3 feet above the
ground, a Jtadard amount (probably about 100 ca.) of liquid 80-20 phosphorus-

- . ultufiieuteotio on a metal plate large enough to prevent mrked penetration
of the liquid into the Ground.

Test grenades will be fired in froný of a line of posts, 12 foet
high ,nd 5 yards apart. Those posts will be 10 inches wide and will be
painted in alteanate blAck and white 18-inch squares. Evaluation of the
smokes will be made on the basis of intogration of the product of the
totally obscured area botween ground level and the top of the 12-foot posts
and the time of persistence of the smoke. Atterpts will be made to correot
to standard conditions each evaluation by applying 'oorrootion factors, to
be determined later, rhioh will allow for wind velocity and for over-all
weather conditions as evaluated by the standard smoke.
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