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Transtaittoc' herowidth. Ear six- copies of' the aoiventh rquarterly progress
17eport on2 ouLr I3tUudi,0e of phosphovus filJI.nui for mnunt-i.onc. The
report covers work perfornacI tunder conitract Wl8O5GV-li8during,
Thej poiet iodarz~ury 1 to Mtarch -1.,198
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S., its 11 nuu~dud Ilb trans -~
'I I) PPLjfjf 1); 1t 1ste rf 1, by ~ l~ rnflflr 10 A

FWSPOsRiuus PIL1JIDTS FOR N~~JXNTXONS A
* loma oobo Work Pairfotlibd 132the Period cenuar~y 1.

t ~to .Dfarah 31, 3940. undex Qontract W-n10-035-0S.iK8-1$1

iOSU).v t a of'e oa 1ecul a ti.or r3bi on oda taiotn.,XInx 131t1Oll2.lIa.
stability touts of' ezpe1bskia 2~hm4.f1ln~:n2laiota h
atc~ilf.t~tios a tof flm 011lngs axo ,-boul; as h.125i ax atat br.a, co £o
the propartio s o-P therrw c 2a 11P@r i±gth .t

K_0oliveoruELone Of? chit to (. 1cd~i i in d.E 041, C' hK :M 1
xewn oarriod outdon. ths ohs: Is are(.c3tiliL a oV iv c~. the
o3nwvs1ion~l r'atilwitX' :U, VlasJI vn'irucr vway, the oflA')O rc~ clinoctbly
iAVcl safe'oly to cwipietion. Up L.W;-v-U hdUI'Od MI2A sh1.J,1 b;nI :1J. ru.Ot nUtY.A
-the- condition's iiapou0cd, b9t ~ w..e Ct 5eo'ud (.. 12 thoa
audoll arc atbu-macd to rv~ln.%n i~n tbhe :QRmnn.otho. -u;t) ~~til.'

j2 ThZnoty-sx .I GI N Vitll o c-,ývo bcu x £L r l• Ieo v dn
1:qtz wA-r~ f:Li.or lcss 2C )O>h5 o nC 2tL.~Ioflt tUb?)

946 she 211 ha'n) tto-C.a a ýntt tho Army~ 1hcmnic-l. Goiýter :ogtootý.

A1

4f

UNcIflMh



PH1 OSPH{ORUS WFIaLING8 FOR LMUNII!ZON
g~as I~artQx. Nor Pel'om-c Inthe erid tanury

to '-~h3,"90.wo ovr

Xu 3-monh poiod owre by his rograzxuaxpr1

5 o xpo r Im In the wor wont oonfiod tocový-erednao by thipoges proportI~n ofh

the components 0±' vEUAOwur fitl~zt~c that wlould L.9 expected to perform
betin muniltonc. Fivo typse) c•'ý fillingsp oompr~uleng rnlte.ht

phosphorus and varlacr binxiorei v.,oxo invoot:igac't.. Thu biid~oro vtna'
ordlxi-ny plLactCox of parlo, plaVsterý a:? %r.iF 130t With an emuflAVoto Of
white phgosphoruse ka aquamcu pok %,viny~l alicohol1, Duva ion, Thiokol LI-P,
axid Thiokol LIPr2 -aoddilocl wit!-h mvreaptootk-inaol.

Duriug a iiUo Ito Avny Chemicalý Gw& ir Octuots.v IS to 17,
1947, It vans agr'oad that TIA xrou~ld ehaxEo sor:,a 4.X CM ,ihullc ,vith
omiporlamentaJ. fx.'a conftOal~inj: grw.-uln ted Vrh~to ,)bor,-,hcoruu and wi.th
Poe. phosphorus propavad direct. I,) in. tý-he rkell 1wowwrcslou_ Irom white
p~h o phor,-ua . The piroknto reportý dooo,:A.Yiou the ilin of 9,G such sholloe,
1M4 of' ehlieb hoaw bhoor'h. r tc thec Cente"Cr i'O.Tw(isti

T-IYSXC.AI. rRI PtRT.CE3 UP P LIf

iEifoob of dlator on Dllzalo..nvai T~h? Y* lliouo Lp5 "

o, tGho granuler" !.-u a tuscloseod stA.10 lowerQq 'n.)y v p0 )Dxplto

vlhmn Vt~o bullh of) the ivaterz ,vo:3 d~sl.3a4ced by theocav o dioxid; , twlo
1000t5Portion.'. of." (), f;urI coatv ethyl ac'.Io 01 ol c t'OC )OI'v~d 'Wely. tIJI

gi anoi~e sand. also plo(ocid b,, a olur:'onvb c1 siarbon dic:idcd. Che rpurpo;:e
(X thalcoolk o t o.~..6 -i provide n -uo~n~iywato r-fac sI 02. p.hIos-
a)Acoru3 6vrantlie ýoau1 thusf 410 ot1-viaito poooibJJD ad-vacr.-o Cfo$Too. of" the.
rkater on the). setin o the DurelonI r'osiM urth v.hkh 'Lab c tecve-.iulec woxro
t'o 1wbound.

Granulated pho uphoruo Por lwtoo iny Tlicolake LP tl.Itill-, wiar
dawato-ced by vlashint, with aostons, In tWhe ommw Ymnaz ix. The choiceo ol'
vnolwmt;,r wav bttecOd on oonpt'.tability w:%th the biflE;1%~. 01,hoiiji hinly weTral).
etmouuto of the scvrt varo loftý on. Ithe phoor3ch'_ or>-us.



To let'ormidne tho benolitz der*.'ved Aom vi.r-etutl chmmorin& of
theo grn;ted phosphorue3 vrih corgranio solveaea, tw~o seviea ol' 1Xur~lo
fi1JlnizS wore prepar'ed; ini one Poories tho phasphoru., was washoci with

I! aloohol, and in the other the watber o).ingixrg to tbho p;,ulo~ae was not
A-0rdovec. NVo .l3irnilar xiork of Thlolwo] UL-2 Plllintgr alsoo voro preparod,
oxcoeptb that the dxrying afont vraf acatone.

Ifith both fi.llinga the ueo OR granulated phosphor'us wot ivj-%;h
w'ater mado the Ldtial mtx-~uroa of' Phosphorus Rad b~.^ndclr eo~ tlose;
fluld and mrnoo alioky, partioulcxly -lwardt., MOt-LJ03.o J0X'f06CE;. Thin
atUfe~~j andi tacoki~fyirI6 of thcox~tro hciwsvor, iitoroaBied Only to
-% mnitll degree thlo cIf±'Xouity OP. r~-ý and trn.Oferrx,,~ tho Piullings.
'rho vater wric vrrthowut not:l.oeooblc offoot on th~h r.ato oiý extont of atiring!
oP eithor b~ider, or an. the, thxý.itabiiitiooj ofC tlv curedc1f.D.I.ngs.

It io omoludod vlvat wrachj in]g Of 1-,11 7hos i hovwu: gmnaulos vxi~th klcodhol
or cootoniO Vdll bo no:1'n'.o mXwoc~rmry nor, pctrtioilnorly docuIr'ab3o if thouo
fi:llng ar px:cparod on v.a-~ xvw a Jroa lvA.th mocia.G p2n

Th tarde~n-Fc."or ol' -:)fi wilill3inr~':.r:er

pO.3~nUy alchol, and. f•ln: pvopar',;c vi:.th ~th.nco ~ilix~
ý):Laobr ol' parin3, awl fOrnl~O 1-10 006hou:1.V ooldO W-.wi-h
-3onoord~to.)r. inor-oea ~In Ulio volvw o-oux~o bwT~om.io1a2 h
V.Uir go hao bo~on reoprtod prx vlwaoly. A, fuv'thoz' nouti, vin

x"', Of tt 1'ppoxu 7O1lo ccc ipio.1 I al w..' Of no~x. of
0ox:JUOPM3OcJ.cflo co1£:.d5 on;'~rwi
"I2 PJ:~~ ~~Ophe~~x. m]h p-.. tor 0:F,~4p~i~r qo

£llO22of eI-im-O:dO2iy o vly lcoho3..

CwtaioE (1 llLL(3 trvam of J~Tedho.-tAcohoru tind
80 Zz.raine of' the 3u.onp)atr ri~x1;ure. The JN,.-n0c wmzo pleced in
8b-09unc C7.a.o; uccrIPlo bott':.fos aen o.03lwod to ntand. Th~z vo:.uwvu3 of' tho

C'.1rss whon Afl-ohly Prp'xc~ice -ad a:'' r stotandtng Vo± 24 hour,;wx'
.ýboorvetl and tho rc-culta Prer 1:1 otod in Tablo I. Mhe iro la n Volumn)
cia standinG appawcontly iv dixe tr, rel'ama of ozocluded fyw a; t~ho liquid
-,nIee o1f the oUnl1.07on ir. doo-cwn-od b;{ tho Feo1tt-lUg of tlnx p."Wsor ot

oort.The gao no0 ml e~cok pvol'cbly woL1d. not rv,,ult io. "he i.ovo).opimilt
or muc~h praijmuro in a' c).ovad oc.ntn iauzr. Rolat.Wmi ly :ý'er &,.ws pociwbot
-3ould. bv uoon in tho f'r3ypvc'-pxav'ed £l.in-go, Init eftor 24 h~ours, avhon
tho plaiter of pav-Io had' vot, avuuoro.:m larp.e gaS pn.Ccdoti were viedibio.

A~ltoug oow o tho~ iiclnc; ~nw ototi up?-(.jy' jwrojj in.k Z;hojr (a-)IOUv)
thnrwal Ptabllity o- t tho pvcs onco of, the ltugO gas pooe1ta makos it
haprobable -bbat tho fllingr; wovld rumrin beoio5cllyetblo on prolongod.
exposure to '-eouperatux'eL abovo 1tho inv:I~ting point of white phoophortio.



Apparenbt Vol ms ýand S ciiGVvtceof

PVA EmIlulsion-plaster of P:aric Iias

(t ccli filling o ontaxina 172, grams Ofgrnatd 1opru

and6 80 graiwi of ornulcioni-'pLauto-r b.tndox')

Filling no. 1 5 7 2 4 6 8

GCOfmpositlcaou birder, wtb.%

tuwjlruicn 77 74.1 69
Fiactor 2 63

Fro ah 160 166 150 IGO 165 1'35 165 170
24 hr. loon0 185 Igon~ 270 :135 190 180 160

Mob2 3.50 3.50 1.1 2.55 1.55 1.3 ~O 1535 1.48
ra.. 1. (3 1.*36 1.R WE 1. ' 5U'3 1.53 100 iu . d()

1.703 276 1.74

Imo]. Ad 0 nC c o. onba frwavior,

Therim)dtbiublt

In ce-valuation of thu tnorrnJ.1 sta'bi11i.ty Q;,, ae::yrimeni~al phousphornoi
fiJ.J-in,7p ooxapr~sinig grwvclnuiaod pohuI3and. a uo:Lid bindor 3 thqe locationA
oif thu sonbor of gravity, both along the longitud;Una luh and laterally
from that axizi of a fills o1 nanit ion, !a detorntinod befora anid aftox heait-

*inag the- filled mi.unitie ci z' 8*). hour-s a~t 65' C. whiloý ly-J%.ng, on- its aide.
The shift ini the unbr of gra~vity of' the entire munition or of the iln
ulan s l a xsasauro) of tho thermal ins-tability of the filling-E sad might ho

* u..sed to e stiwato tbhe ballisjticisablt ofl the munit~on whenx Pirod fr cnn
a. weapont. On tWhe, othor 2iiaw, th;) therm). stability of u, P5illig t11hat
containas whi"1to phwiphorln: pirobably iv eacprxour,,c ho :t i-n t-oriss of the ab:lit,,y
of the bixivir to x-etiain th pllos~hor-ur at- tontparr.1im-ros above the me Jlbing
point of that oa lonet.



In tu fllmingdisouauorio, the center of gravity of' a ymunition
or anly ar1t~jowow~uI 1woted by itri distarnoo from th~o bmae of tbh

=jlnas mpaotxued alongaliepwle1W.tojC ofh nuiio
(3longitudinalA Center Of gpraitY~y), PandIt die.,tanoc Prom th ain of the
cuantior of groavty). alonfrý a 1-wi perpendicular t(.o the awds (lcAteral

Centr opGravty).Thea '4JovqU(b of aý zmunition or anky Of .1tt aompoZ±?12ts
io tahenu to m- an the praduot of thd weoightl of the inuni.tionu o.V Its component
aud. tije distwnee ofV the coxrresponding. longiu %111 atro raiyf
the baso of the muniti-on.

Att-emlptoa waoremd to caclae'roma the anaaured ohift.1 oif
thoou center of gravit-T, the omaualz of phosphorus thatý hvd run out of the
body of the tillng. ThermtAl sta-ability tooteio in p3100:3, bott:loc had sho%%).
that the uol).d. sponge foz-.rmd by the binder, in wh.ich t"h(.) oito of
phosphoruc weore embdded, unclervuant no appx'coiah'iz ohrngc. Ith mai rAssumocl

that the shift Li; the t~orxter of' gýravity of t-he miiu.1It~tcn wuar dua entlirel:y
to :moet'wnt, of' phoaphorur !irom the b-Inder luinto bsthee space lntvwoen theý
Pilling CAnd th110 op of thle mixn.ition. It: wvo ariotur.od. also that the
longitudnrAl center of gravity of' the bindor and itohr p-Iospl:perwu it11 containo.-,Cd
afteor the test was the sawjp Fas that of the or.1ginal. fill1i'n, and that
the phtosphorus ro~umininG An the l'iJ.1:tng vmu distrvibuted uniformly along,
trhe ai-:is of the tilli-.ng, bt not neeaszwnity unfo.l inadreto
p'orper~dicular to the -azia

Fr.omQ tho roir~lte Or the fllli.gn wad theo dirmonolone ofP the
eonatetznro 415 ,,ranvdep, aNd gljt'so nmu bottles(.7) into which the fillings

wenechagedfar thexcn nbthi: ty teotc , the, vo'.Unn occupied by tohe
filirgandth Awlc~ of. f"eao .;pxue be:;,won thefilig nd Ulu top Of'
t;I,) eon~tiutnez'w aou).d I-) ;~ubd The longiGud-inal r;enteru of (gravity
of M' bh nbaecfilngn could b)3 cc.Jowouitod, tar, could the lonag'tudinAJ.
cantor i'gavt of eunyl;ý, 0So.xou that ould rimx~ out. oR h fil).ing 5n.
th11 t mal tebllitty tentv an).d ýo:Llect iný th11 free apace. MWILh theno
dataZ1*, the 'amount of' phoaphorun t:hat ,ra~s lost froma tiheo mw1%.nx holy of theý
fillin1g could t15 08al31jr10tod in". 1110 i'olcin nnr 6

-Sineo it, iin a13ujumd blhat seifi2- of, tkheu ucnter of gra~viti-y of a
m..ufltion durinfg a thsx'vrnl Atabi:ity teat is, due enieyto the) movemeontl
of' phb'phoruo free. the bociy of t~he ilo to tho tvci.-o s.pace between the

fligand the t;op of' the muniltion, the ch.ange iv. torque of the iaunitionu
mro: bc ec~loualatedl either from time weight of the munition andJ ItoW chanage

,i l1oxngitudin1al ýentox, of gravit~y or from the eiub of phosphoiusj that
2-u)s 011t Of tChe ill-ng. i-,nto the) free, croon anid the differonca between

*the ic'ngltudInml. ooniorra o:?e gravity of' thE; tillirvg and the jfat) space.
Wfhen these ftwo terqueoi are equaltod, the tweight; of the phoapho~rus thatu
runs ouit ofV the Pilling is the only un1waw-n and eon be determined readily.



$injae the diiwnuiona of Wie froo space betieen the Milin~g
sam, tho top of -the rninition ttro known, the Intosral. coxeAr& of g'a-vity
of the voluirp' Qoopied bry the ruxi-out phoaph~oivs oant Ns celoulated,
anlin. turn. the lateral uxibulnveno due to the x'uyA*oui, phoeephoi'ur cam

The data ron thuzrral .vbability tusts of' cip:rloi in. glj~eis
aanp.le bottle.s that woro ioporbed in. Titblo IV of tho progreses rejport
cover'ing the period Ooto~xr 1 -s Decowerao 31, 1947, viere eocaloulatod.
by the mothod deseri.bod abwD. Tho reisultz, toGothorv v "ih Orn of
the dat" proconted ini tho earlier repprt, r~xp cshmirn in %~ble 11 of
the ;Qreeient roport. Althomugh bUho Q.trocGventA bt 'ý11 the iV.03
"iot atimatod" and tho va).ueL zCal-oula-Lod" by tbo n .thodl outuliyied above
is los-s 0close 1than is, deogirablo, the o2'J orrolsktUio L'Otvoon the
two ;30t0 of voi4ues i1ndicatev, tiatb the jaothod of' calvU.IWAton 11 BUR'-
ficiOntly valld to ahovi, at Io~st roughly, the Iflovjm.,rv, of phosphorus
through and out of k sol.I~d. bain-lr of tito 5ypa usod iii tho TYA.

Data obtained from tocr~rittl sttubiljity toqt.ýi o.( I'M1ings in
W15 grenadca are Okowvn in TablIý 111. Thco plewter ofC pa.-la Pilli-n F,,
Bilow cc aletont~y high thr-vr'~ll st"abiliti-y. fhwloa. and Th~io1:-o 1 P-~2
fil.;Lnrgs appoar to hay-v praoti.celly tho owfo sh~~t2. ýtbili,.y. The
err.,A~ll beherwiov of t1-ho Pillinrlm preparod from po!lYv LnfAh' JUoholo
evilo31on and pautor. of paris :iny be diuo týo the 2~owt th).U Tel seriesO
vIAO 14 daye old vibon the t1orts wore rnado,, Vflhoeroaeth W10 J 14, 'soxri.e
vw3ro only 7 days, o:ld.

Perhape the monib sigi.J-ii4'iccD.b vaui ixi 'NALo 11'1 axe bhaos
ia talo e ; ooltwmn, tho porveiiAlagq of 'T"ho total. vnciunosloulatrod
to ha dua to tha phoapacrueiThs had. run out~ o-( t.ha ~t boety of' the

i'3IJizg.In fillings botyad ýýii;h eitheur ordinary pliL~tor of paris ov
piafAw~er of paris set; wfloth ply~linyl alool ou~lio~i, about 33 por ocitt
of~ -ýhs unalanc-e J.s dito to thzo oxudexd phoi~phorus * boxu 810 por cont of

tho anbulanou of thex Daw'alox.k P-11liavc, ~.n1115 Por Oc'n~t- of the
uu2b~al.no() of' the) Thiokrol U~-12 a'li~ p, oars; to bB uttrlibutabk~ to
tito oxudcd phosphoruso. 'Po va ico of 1 .Uior cent fiov the Thiokol LP-.2
'ill:1.nLgu idioute 'hat Who entloulatiotw~ tvo coonrrlvat i&0wact, but the

rlive vlu~el for each ty-po )f -pli2 robably a-n'o ina Appro:eiv_.nto1.3
tiie oorraot ratlo to tho valuos for tho o-the3r typqFi,.



j, '43..-Tl - I ;rjt(

Intor 1 na01%eo' oi~c

MGO 33,9 112 16 79040. 03. 3
1100 315.9 27.7 U3.5 -,A, 41..
Bl.oc 7.0 42 3.0.11 14.2 9.3

J320 lull 4A 32.3. 8,

J3,0 13.00 .65 .29.0 ..
4100C 3. 7. 3.3.8 49. 7.,1

HIMO i1. 1. 5.8I~ 14.0 20.7 11. 1
0112c G 5.8 10.5 10,0 G.

phoompborue thlat h.AAd :!-tul ont Of tCho tody W, the :d.inL
cs orulathed fromrp OEsiL o;f (Wxae, ofý gr.-avl-tyby:oo0cir

inth-In roport.
Directinauxnxj



r.6 r. c

(041Uliti.Ozt h~atOd 8 h)OlurF3 Ett 65'

Cantorr ofAywty I o

g~o. ex. wr.o. of' cha.rp do 'r~tt '

i39 A 5. 96 6. 10 0.07e 7.1 60,.2
fl9 B 5.96 6.08 0. 0 TI 6.J. 6) . (
E 91 5.95 0.02 0.016 3.5 216.111
S 1011 5.95 5.99 0 .0 Il 2. 0 $0.8
i10.3 S.. Ix 13.22 0.056 5..7 70.3.

.~10 300 0.25 .03 t.7 70.4.
4 1 A 5. 97 6. 12 0.0-36 7. 73.4

'11(l 15.95 i. 07 0.01-8 136 0
I Z'k 6. 08 6 .213 0.O.~ 01; 7018

.2.2 ..? 2.3 0.0 i7 176.1
21n 314 6.23 1).A 4.3p 06.

1353 G3.16 3. 22 G.3 $ 30.5

Ti'hokol LP.-P.

J1653 5. 9 15 6.0 03 ). 0443 Y.) ILO

.2161L 6..6 10 0;0ý3 (I .)
j 6,13 2.13 6.1 go AI );. J-5 15. 6
JIVi (1.06 62.0I 0. 0;51 15.2 P.2,
1117,13 :1.97 6.01 0.0:12 2.'0 7MY
JII7C 63.06 6 1.M 0.0:1,3 4.1, 23A4.2
O'1M. .5.97 6.0 0.0 31 13.5 68. 0
J1.813 35.96 6.10 0.0118 IT.!)- 991..
J191, 0.02 6.3.0 0.0OR 4.1 198.8
.119,3 6.96 6.03 0. 027 55151. 2
J1C 5.97 6.08 0. 039 5.15 100.7
120A 6106 6.3.A 0. 039 5.0 0105. 5
F72011 6.00 3.18 0.0,17 1. 8 G0.1I
4J2 .14 .05 6.19 0.040 7.1 123.1
.3211) (.08 6.16 0.0117 4.1 3.15. L
J12211 6.09 O.22. 0.0:12 6. 1 13.3.1
J2211 0.08 6. ;,1 0. 51 0.03 :38. 0
.J231. 6.05 6.2-. 0. 037 8. 2 143.6
J241, (.3.12 6.25 0.01,7 6.9 156.0



Center of' -yavitt uni~tion Calewu~tod mao-vement of'

long. dgkg.aLae&1,;u-u, r Unbalance clue to
NO. am. am. CIR. oP oharGo rwn-out, % ofat' uc~

Plas Lot Ox Puki-1e

GO12A 6.05 0. 10 0.039 2, . 3,0
0.1,2D 6.06 3. 00 0,02). 1.0
0 1210 8,03 6.07 0.021' 0.b 21, G

PolyjJS1;kV. Alcohol Eurn.JvtOr f L~

IJ4A 6 .00 C) .1 0.056 4:.6 68. 7
14)3 6 . 17 3.20 0.0502 .41 :Mc 2,
EdO. (3.30 3. 29 0. 03 1 D.J.ni
1,!D P3. 33 63.30s 0. Ot I. I'll
I."3 0.03a 6. 36 0 .2: 1376.A 143.;
15))D 6.06, 6.532 0. A 3 12. 39.,3
160 6j.12 6 . (1 0.211 "1- 10.0 -42.0l v,
LSD 3.05 . 1. 0 i1753 1 .2A.4 -lil.

Ft7E1 IO 0i"tl'.Ll4 ?.ov ..A a. o. oenn'-o 0j, '0/ Ir mvto
frr; ~ ~ .1 U.- DOao h w i ' h UAo -t~y of i;ho soupty

AI2-3 t3vens-do ,J.,h lvur'drr -: ).n plfwo Pt'0)0 q oultarly iand
auoe1.z )-,ly l1.inar lv fron 98 cra. fey, 32 0 ervicoa coýxd we1.

b to 7.22 o~. .- o Icy. 34-,aac ud vl
A~rymtof tlaa CoTutor of ~ iaof th n 1 ',J mtho

ioagitudlS.nal Lt2ciG . Tho oa)rrbriS ofl 5::1:'x ,ofiob fillod.1 Gtenwckots
werýe on The Jox~lldh. vzoo of tho oito; iýOor, the cieflado
-Rtas~ w~b-olanjeod iniialy 1h; laice]- o tIs th, t:i'rco beltween

t6hw Pina) and the init5al otins
Duvajon, ThicP-Me1LPY¾, and plastex', of: pfxis YiA..l"ia- ouch ocntainod
253 jaz'wreo OT m,-hosr~herus. Pillinr;si oXý' eJlyvir-yl alcohol emaulsi~on vand

dpJlastor of porlo corvtained. 2'out: 270 grams; of phaosphorus.
dLuteral unba~vance of phoop.-hoon c)c';o to Iavw: evulA Out Of the
body of' the Li.M.-ng 6 :viclod by t)ho latoral unaac ound by

mo sura~ atof tha tooedre ravuuit ion.



The poycaity of' plaoter of parts, mand partioNlarly tche largep
tas p)ockets Of th18 fmlir'pvse illings., probably pox-nit settling4
Of' molten phiosphorusi through tho bodio:9 of these fill1ings, tio idiout, 4
wi1th the munition on Uto siAde, the uipper part, ofl the 'body of the ftilliD5
wiould be o:?peoted t1-o contain leons phoapor- thon the lower psx`t after

athermal. s~tability, test. The1 Dura.0A11rjoc1u.n rigid war~terial, and
uettling of phaosphoruo throughi thin binder undoulrhodly ofcou.a, althovpj
to a. less axtant thMXL inJ tim( pAhS-tor Tilns fhiokol V1-~2 iwets to wn
elastic rubbery noihowevn'v which pvosrnnabty ihould expandsrcwa
undoi. Umo proornue~ of' molten phosphorus devolopodý In the tbemcpal stalbiitvttý
telnts r, .ihoatum of the a ulautluiuy W. h, t LDISPxl, rixpturo a in the.1 wail:s
(d, the cello in~ vMMIi o the- Andi vixdua2.g'nl e of) §nhoapherua orig Ina
rfwre aont~alrnd eIi.ght bei expoectei to ccitoS up ctor nougha phouphouur3
has baeenexudedl t*-o re-lievo the(: procur , with the rocnlt that. theve
should be loon toxxdency for thu phokvphoxuo to settle1 downward through
tho body of the o ln than 1101e in0 In OurnIor Sillint'Ga V1 Y'ehiol
ruptinres ofC týha 3ell w&Asi rirobal)Oy Oave prcii

'Iýci Dnua-Ron filn x rudco, ani averag of 5.5 par ceW of thi
phwccIhlers prooemat arid the~ Thiokol T.,- ILIJUngs; exuded an average of
6.3 par cen~t Data on. the thoaxu1 cefiuion of expanasion oY'
W&A io,, JR' ex. iiet sve.iJlablc . Thej niknfourr uate thot Diralonk

h ail abovcu thfe 3.w so coaiff~ieient of menupanio Rc A2)). YI. 1.(-8 per ~0.
Sinc the cubical. eojftlicant ol? expanoen ±u ubax 3 times the linear

ecetl:1ont apiceOf T?1uru1104, or the eaRvibic3 !.n e. noongs of'
Dvualoaay ho -.moote to .ncroaao to 1.0014 tocthe ertgi~nnl. volluo a
or. U; lg hSAtM 'S0" . (11ron v'oc11 temIlpok s)Utre o 30.thkm .t'eiparratvt e
oil tuhe br obability SeOt. Hirco MlUwht phospliorut3c,,! 25" C,
ham a spaoii'io gravitlky oP . I raidL nolten phoor'limrs at 50 U. hasC
t'~o.pce lio &ravlty of J.17-,)' rlxn .cpXdl the) phou"phorus AAcml
-to 1.055 ti'nso its oziginal SiO. M" tm o~i phcvu.horvs jutb ftklled
t;he uachated spongep, tho~u, acmngtheiong to tro uorncliAole,

(.1.055 OUA)i.5 0.061,

or 5.1 per cenxt; o:f the Mintal ocihŽrjp of' phouphoruce wouAld be exudod fhin a
the body of tbhe Pilling. The elastic~ Thiok~ol. LP--2 a~pjperntly in no iiindB
able to apwiard trhereby retaln, theo mlten photphox'u, týhan Is the,
r-igidly solid Duralon, O.3hougb the phos~phorus reupaining inl Thiokol LV-2 9
Lilli1aga "ftexr thorwoJ. rstability to~c to ppears to be- more unfiformkly
dictbrIbutad mlong picnc areniooa t tho a-xis of the munition thell

the hoehoxun rmsi:An inDuralon p1iJ2Lns.



-2,0- -

13ho 1fUii.ngs JUisWed in. 'Pablo 111, part`00.urlaty the Duralon, and
Thiokol Ml-%~ fillings, varied oonolderably In osrtai.n oil their ooxwponexte.
vttomqpta to doteorizTITI tho of.'Pot on therrdal Estnbl~IA-y of sucoh variables 0

asi Jl-ic.oe Av:., of tht, gran-alated phouphortio or mnodifle~tionse of the
Uizcder, tae by addition. of noreaptoothauoJ. to Thiol:ol1,111-2, wore u-2riucocmf.,elu

Dvro lioVt(o ifi..lfl-nS~ of lt~o d ifiorod more botvfau OY'1 'Ims :tvQi3 t hWa1 thoy
(UT rv~ed :Proi nobherillIJ3ing oorteiinkit; th<e saassl b-%rer,

1-4 ic (ofnluol~d tUhat, -Tho ttbsrrua2. etabilit:'Voo shown In Tablo 111,
whciohr u -px',zluL::)-. tlu CAIif'L ox 'Otto oaxtiI~er or *e0ito ae the ability of
th')o IA'b), 1-di i'~aif oltýex phoi~phox'us, refjlvot att ixheronti property of
1-lA b".ndLO: .ThLI POporo',o-y dopondo upon tho pok-o.sity of r. 'Under such'ac

r.):,-'r o2 ,iD-is., PZnd ulpon the (1 of oielcinofon f ar', irapprvI~ons
;ij -) lct Mt~n-ý ,~A2~ ouuh Lao Nralon. Sinee -theso l: tritic lxeaan
:i*ý~{vrcrrt ".Yt t;Wio 'Unevl@(;r, irnpr'ovomwt of the thieruir~t. stiab~lity o:Vf llirg

~~pael rJ~ti-~: blandoro 7ay ble roceo3plisohd on±3.y liy mrodificati1on ofý
~h;P~O) s ;~of' t"11 Vaitictilw.- bl-ndorrý a nmvthoCt thIE-t e.oosn no-l- app ar

-Uo ;ýfY':b.oa; 3o

P){.P11 tI.ATICON OF MBD 19F SPEJ.OXWS IVi 01. C M~ SIE&S

Tihz / CM ohollr, vihi~oh %werro tuo ',: obair(ec1 witlh ma!;,Avo, red
jp1'0h ;bOr1';;, ý'%OPý'Od by Co31vGV :ioa of wh-i-tu phoap1'.o-rt diroct~ky -in the

o~aw ':, -omrox fillad .,Utih waolbon kvhite phosphaorus, contalairig I per
CýII vu.'x- rand prao iaaily fl'eu f'rouk waotr * Tho wul.Pur waa adclud in
"t-io' form of the ~30-20 phospho-rut; :vlfur outootio. Tho btrstor vzlils
wavro 4;eatod without application of lubriuant or dopo to tho Fecat.
cSincto th'i burs t~r -veltl seat obv:;.ously iL: the wealkorn-c joint in. tho
asaumhled dhsll, a threaded pluý; was zorewod Into the nore of' the
shell to press v.-ainat the opon end of the burster veland hold It
suouroly in the ssat. A hole was drillcd through tho threaded pl.us

along its axie, and. this hole wvai threaded at the top to reoeiv3 a
1/4-inoh otandard pipe. The pipe served ax a mieans oV suspentsion of the
sholl aad &as a sheath for the thermocouple that wlas inverted into the
burtitor well. Via shell was hoated in a, vartioal tube, ftirnace that
was aupported above a 56-gallon dru.m about two-thirds ful~l of' water.
The shell was suspended, by the pipe, from a aabltl ruyning through a
pulley %bove the furnace, so thatt tha sholl coutld be raised and lowered
by remote control.

The shell containing the white phosphorus was heated in the
* ~furnace until the temperature indicated by the thericooouple in the

burwiter wall ahowed a rwrkod inoreaso in rate of ri.se. When. this rapid
rise of teiperature indioeted that the highly oecotherviio convorsion had



The pipe In the thwoacled plug oxteruled abow.e. the Avater avel kopt the
auretber wro 1 dry. The t mporatut'e ahovan by th~le theraoeYple in tho

burster viall oontinued to rioa for sevoral miuamb unt;iI a moi~w
'vuaa ramohed and btamixta:1ned for a aibaAxL or so, afte.r vibh~h the chn.ll
cooled fairly rapidly. VWhon the sholl had colod to abot~-h 1000 G.,
it was pul:Ld up through tho 2Larn.mco P.M. rumvod fromn tho Fumpporting
nose plug.

Typim~l thorzuil hiutarier of' m)wiAl shel3.'s ax'o) liitec! ý
Table IV. IThCli rate of hoati~n. of' t;h1e o~r~ f rhiephouphoru in
.thek .3hella anp2'elt~ly 0.1d not *if'fedt tha, -010X,11' -1uh,Mht
coav0'u ion 11m i.1aitiatted . Tho 'somjpoe.raQm cA- whi -ch t6he cnvovulov. wtw
Initiated varicd f,,rum P4.0" to POO' C,. c~i~s ,*is Tv,.b:L V. Tho
raximnum ter eratui'ee obt\ined W1 shell ltho*10ha u1r: quma~shod :5,n vlaitr av
coon kis thu oonvorzion was :initiateDd vir,1ked f.--ova 4:15' to 6b9 C.
Thoca rathe Y.wJ.dej iaiai n I obd;rvo(d~?)X;V prob0Abi ar c aa
ex YllIc101 to ;Portm~tovs iforonoc 33S in pla00DD7Yb oJ.td herPcoul n
the b))~rfL, wull aui to 6i.fferooacez in WLE) blwhlavlo 4ci' thr, vexi;Lus ohargso.

I Wib bo noted ha the convs 2or i.n -1,k r).l R-1I6 in Tablie IV
apparolxly. mao 13nitated at eaboit 2600" 0.,* buti tbaýt ýjuwachlnr, of the
aheJJ. sto-optd tho roact:Lon. T -i.e!. phenmownoa, 1hi1 as" "wen obsox-ved
a fc,, tines width charges .in bol;h 1115 gx'oneuoa arxI. .2 OM7 sh~J~, :.ttgh

* ~~~caiplioate cantro I of the lax'g:-r-e'lo prodlict .,onl of' p"Ospherus f.]2g
by týhe go~sral mothod oiiploya)d hevc. -M ý-,oomi probaiohowy"r, ha
if t'ae iho:lla %eien pexrin-Ittoe toý att-1ai,:u a~ JuOof a~boutý 350', U.
tofoc.e bla-in q ,.nchzd, tho of-170a'S31 Ol..ol a)UXJ*1.V--&bG ~iý) to o'.eon

Throc sells_ waoe iecft ljk thcj 1,1rln~oe 11ftcwa tho oovra.'i~on
hnA been iniýti~atodl. (hily w%,,, 1.?-1 in Tab3o '_W, %r )that0'ocdth Xr;2Ol
imocpý.ed w'ithoutr aoti5ooablo lcak

k'ho~llo U~-3.8 s.*ew R-;,3 (TFablv V) -,;orv bi ~ the farlaaco UnT:U.
L~~v:Lr~~uie tevaurgo bout; 5W.00 0. vmrc) reehac; bjoth oP t;hese s lol

devolopod bad ].oaw at the iwcximue± ten-atur s.d wore quexwhoed
it~me d ia Le 1y. boeth ,,hellu inoruvauee& in NWeight, mo oliwn in Table 'V,
presumably -by Intakea of vai'bhrough Týhe feailvxee ha hed ' ora'Itted
loss of phoaphorus. An i~ncoeoo~on of ishall 111-l0 ahowed xio aparent
sorioun failure, but -the ba-so of sholl R-23 vmv, punhod almostý out of
iU~ 3mb and it Is probablo that, had thio che 11 remained Jin thei furuaco,
the 'base would have beena blm-m comnpletely out olf the onne. Tho M2A
shell (silver Goidored) appal'okmly cannot stanmd the convorsi~on wit'houtr;
quanohingi qvumnhIng cooda the voldered jointU enourh to an(Sure atfiMoi.0mt

* strength to withstand tho pressure ppnerated Ui thej cOnvorsion.



TABU,' IV .

ThornwJ Hiutoviu[ of Conversionu o- Whto t-0

R od Pho~phrs in 4.2 GMSholTh

R 1i 7)np To, 0.. 0i~ Cop, iYAQ "O

213 61 a 0 385 3.9 0 646 1.2 0 363) 0
30 110 1.11 15 351 85 15 53G 46 3.3 369 72
45 '167 P7 30 3 3 1 14.0 30 3154 D3.6 1?0 356 :I.38
%110 295 4ý3 415 MY7 209 415 377 177 4ý5 351 190
75 2 213 78 60 118,0 261 1515 3 93, 219 61;0 3134 2,27
90 261 109 (51 - 263 5 G - P24 i70 251
105 289 I.M 0 2 12567 57 %-20 71 253
120 '2 1.72 63 P71. 5 P " 72 5 5

54,e3 821 f 11 o ~ ,G 276 59 2;6 7.6
150 O0(J 2364 (4 2 8 283 60 4.1.021 ;,39 74 - 257
151 267 65 32 :5412 (61 42 75 -. 28
152 P 69 G66 ý4. el29) 5,320 A. 42 j 15 15 343
15 6 272 67 36 4287 6:. *1-'0 i4 I- )el.16 G
3.54 p 275 68 W7 h13 C4 4 M 78 512
1,3553 P 60 6 9 S35 513 (G5 400 ~10 1/9 .5 '4.
15(d 0. 1( 39s 497o G;_5 'i 1. - 547
3.57 221 443 71 8) 473 06 T. SC 11G7 1 U - r 5155
11150 14 497 72 40 1.40 67 1 2 b :2 I2 G
-159 163 0.9 75 43.i 373 (38 U 2 5 4313 023 1332
160 17 b29 80 A2 2, a2 GO 51" P,9 84 - 563
131 19 31 85 4ý-2 18)1 `TO 3 4215 05 384 564
.13G2 PO 521 .9cV, 42 1.25 72, 54-ý CG3 565

ý3 22 1604 72 6 4 301 147 565
16; 212. 4033 75 5B R26 08 66

163 ~ 4132 F0 55 20 699
170 24 336 815 55 1 27 r,11 140 Ub52
1715 25 186 9 0 0 55 :1.24 9 5 394. 522
18150 23 8 0 100 389 497

105 34 /174.31.0 377 2533
:3.d 0 435

120 374

1350 - 110

Mjavro froin t~in aholi wiao place3. in furnrtace.
bTemerative ofa furnace tub while shell isi f.'nioe,-, Pnd (- --fwabor fln clunci-

iaaj; tnk aft-or shell ib quonobiod, or ex~orurtl (ec.tr ;o wh.'ich sheil. is

d rPubjeratuo id. ao by therriocou~1e .In burstor woll.

fShell 'reiTmvd fromw= r
Sholl ra~ised from viater bacok intro furrooe.

9 Shell lowered agaiij in~to viata2w.



TABLE, V

I' White to R.d m. she ýljs

ail H ed Mo 0herrgo, of~r
No. Empuye. caI clLt Oncxe onvoraion TSaudmx-rol

*13 60903 10265 :i027 3570 260 55
".R-P 6665 10.150 10:.". 53-405 24,C*)1

Z 866/5 10135 103.40 3,160 240 400
R-4 6685 1.0 m4 10C226 &5550 250 4-27

G- @7 0 :1,o,55 i.!bo moo0 260 461.
Rb-6 6665 101.70 101 70 13305 2703 507
X2-7 C-1 1.35 10206 10,405 13520 250 -

Y;B' (3&1!3 V) cr-30 10905 3375 270 4 75
3-i-. 66135 13200 10190 3545 255 437
2 p1 0 b 660w 10000 10830 3390 255 4W
R-v~i sss5; 101a 1o018 05i20 270 478

1-.12 6651 10120 103.1 3435 280 533.
R -16 53(0 10155 2160 148 D7 528G~
R214 0655 101 95 MOO0 3540 285 539
I-16 6670 10155 ASO3 3405 270 1520

* l-16 068) 1,145 1014b $626 2500 ON5
R1 6605410 odo30 29033

048oi 5; t, "I xgr '&; a Z~~a .5 t ý'~~ D el 275 pl:.bi no C

b-1 oat.05 M5 3025 1
:untw0 GEN.rg 1055 37" iP.ýZAy 10

CaI



* Ihitn~hoSho.l1IR-92 (Tab'XO V1) wav the onlyjm1elde'g hall In wihich the
-jaaew viuainedovc hi hol emkd badly bot'Lre

the eorxverci ion 1,9as ±n'ltiatbod, and the tabulated dabsa ishovr t'ha tiin' (hel1
loutb At least 100 e-ralm of phoriphorlw. An inopect;Xoxi. of the quenche-d
nhol). showed that, most of thew leak wras through the jointY botVreer the
adapter ayjr the zioso of bho cane, althovgh nomi in'.aka.gpa loe laid occumrrd
ait the joint between the Ibase Lnd teoi

!Yn shells R1,- to 11-1l and. Ohell P-4E2 In 'P.ablo V, the 1catalryst'
wac not waell mdred wi~th the ohcxr~e, but 3,a Ult R~ t I-2,3 the
ohargm wasF thoroughily nixod by strnkuArg titi fPrehly edax~adg. bc21 whzlo
t-he pho sphcx'a rus'4 crotill me lltie. Tho 130; e-.vihzvd lcwior tuoeyiý )oatiives a
which the coxwere ton vim initiatod ill the ;Cia'ot gv'i.up (X rihe ie ma
well b3 due7C to hicgh loco enetxt:'es f ca4, st C'or It harn bo!on

Po .32d in covTSvsiona of Lwhito to rod phosphoxu. 1111.6 uOxrlio twh't
increýase :Ln the miitouizw of suAlfur ten~dsý to loll')h Ipomovabn, of

AlStiat icr of theo convuro ion.

Shll -9, R-10' and, R1-11 vsevrn br) tl!'harxuco
abot 753 per. cent white Pand 215 per oceb u'ed pl'o-hcc 1 bxu. 'iv ch1ovse L).

.Ifabla ;cctos chsr!;oe csnao ati-foulb Qoo.o10.y 12'tho!ecL .. .,

Vhi!te ph ýOrph-ovu. sixiooa t1,it rad phom phiox.us Jin 'Oh*nta obargwo did.
Awl; lover 'rCo i:mnteprtu'ohaiA2th oir'j0, tho '1!e o1f

Shll Rl-20 and, R-2:1. iw~dvvrt-o.-vdJy welT- 'ilij0, 1dtlh E;x3cFJsivX3

if.VSioPý 'dtcIopot ;. h-, "12.21 m ;o 8' ;:- w,'kv; FtI; ,)bmt 215 'T C;
;'yd6 alienY tbe tuw-ý.p:'xat':re atcd220"' 0. he x ol' -;Al ho'.1 sh If.we
pousitd entirelOy M't o ). the orL: by 'W(ID ~~sLso %teucpo~

TP1-ora winrs r. YAIld. -.xplonion, wlhich raised the shell about; 2 fnoot, but;
race;t of' th hp-ou fell. irto the qmuenching te 511olaeJ. R--20 beganýr
to wro:'o Prolusol'y cvt 1900 C1. Villeroitoan. 'A aseounco n dsadd
Thu' Usual &2argco of whiteo plhesphoru, 3500 g-rams, ý.mounts to 1. *52 green3
par cc. of' True sýpuae ir.t the -1.2 CLY ithal (2310 oc.,), Chrrgov of ao
.arxge as 1.36 grarnd ofý UJ per cc. (Si-ol 11-s) brave booni sebhjwflod to
tite Oc)2vorr,.4On, btit theQ 1.64 igam of 'Vi v.r (cC. Rnaol;1--20 awl R1-21
olbviotutly iii g-tyeaher than. the capacit~y of tkho feuirly awauelaotio conktainer.
The aadmwn ;arminirsible obarg's Probably io close tro 1435,15 of VIP
per cco. of volume in the shellI.

42 attemwpt was made to eanbinuato the hea:t of veactiou in a
number of conversi~ons. A small ýiuevnoh.aaag tank wIth a capacoity of About,

*40 liters was provided with a puimp to circulate the water. Thu tvin~pt;XP
ture of the water -was metasured withi a 10,-Jumction roncntna
thorrooaom~lo. A meassure of the correction to be a,.ppieod for the heat



j contlent oil the 012011 Worer sariveraion wasc mIXdo by guenohing two shells
t- bef~~ore convera±o as livu ni~tiato. The reSult-g of themeau u

listod in Table VI, are less eclns istenb then is deeirablo3 but they areI.01080 to thm vOLUe o0 16.0 k'g.-'oa'. upr =ole OT P4 that es rportebd in
the literatuire. M ell Rsi-12, it.13 nd 11-l6 bi Table IV' minqi'o hree of
those used In Wthe dotermiuaotioxL Of t.he hoult oT reaoti on. The uncorrected
rice of the temperature of the water in the quenching touak. Ja veported
in Table TV. Becamoc the woigl't o:V the shell wae xnearly- twice the
weiJgh-.t of' the charge of phosýphmruc, tho coxrreotton. for the) hoat -In the
slxelJ. beforo conver-cion h8ogan v-as4 about an 2."lag' ctbbc heat of the.
refactio~n.

TABLE V1

Heat of Re10action In t3.o Ooxvrcqriovt o±f V~hit

to Rocd Pho a1 hovw 1?c . 4.2 (;JA S3h-Albs

Ton'ocoratwzo, 0'G
8hel Utr of o7~ of reoc'OUloas,

ILo.- oanvo r s:oan MvA Innm' Th -Oeo.nr T,0,0of' P'

2 55 517 15.0
R-3275 518 '16.21.

Ux.16 260-:t3- 16.9
R l 2260 (1BS1 17. 2

270 20 17..5

J~2EXPE.ILMs ITAL PILLXW.OS C OATAXt1.ZIG GRA;±ULATFP) fiITI11P

PRtOSP-4.ORI'S IN1 4. 2 CM~ SU11LTB

In addition to the 24; shells in Table V the~b vt-ns Cillod. withb
imassive red phonphoruo, 72 oither 4.2 CIA shells wiere fillod wvith

binder. Those shello have buern sent5 to the Axrmy C-hem:1.al Coenter for
toot. SIx different fillings vroro made, and 12 shellu weve charged
with eacoh fillinig. Docoriptiaxw of' -bhese Millineg ari gtvenv in
Table VII.
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BU)rlaalPouiora 1"in m4.2 CM S~hul St:(hj-~ d

for~ Tos atAx

ll)^!dnr, paxrts by maighti plastr.' o.?) pt-rlu M00

P~u~'of' 1lax':tc dosg;iý,xtO6AT, Itr

Y3IYAOX', pE.A$, by &paýo j:~~30

1,00

1Ad31¶paruto ))y wc; Lgt b anjPiL-ou of "111.<3

ox"r.;~ OX':)Lr-vr;

t1vlev, paitn by H~rt'TiXU-.P'2 31.00

formi~c acLId



'210.kol P -2 d:Gh ercv .It.

FIev 'uto hQj' weinh1Y Thiiokol L' 100

farT oral 20

NAlr.r Refal ?id

Atrtiock We2 OR

doig't~ox. -. ,+8- Yruh '8 mw th ino oTaG3.

C 060 2254 1130 3371.

Ya60 T V030 950 3000
0CC 2205' 966 3171,

30"10 225 957 31.62,

'.;sq, dvý.tcnrcd o1)ý.y by hUvgiav,'. 'm 31X))H i.02.20 liAE) it iAt, coluvxi o:?'

\ib.Ohd so:ul •xc;;kio.

T'ibc Wctgit cUi c !3134,; irtz III Ttmb VISIor thofcc rue>3d

p1*..orI)a v:axi \!6lcj-od UXO''Xvjv .iQator.Tfr xyin~i:' vaxftrbl o, ld0(-'xp of
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