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Atvention: Chief, Fuaitlouns Nivislon
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Tronsulbdad herewith aro siw coples of the seventh nuariexly progrocs
ruport or our suudies of phoaphrorus fillings for munitions. The
ropords oovers work performsd under contract W-l8-055-(W5-1318 durlag
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2 ¥ SUMMARY
B SUMMARY
Rosulizn of calonlabiors b&soﬁ op datn obbodnsd in thormal
\ stabllity tongba of oxporinsntol akides e Tilliags indicatc thet the :
aboabildtios of uh’) Lillings ero wboub es high as cnn bo expocisd Prom i
the properties of the mabvrlals copmvdpsiog the LLllings ) N
! (Oumem,.l.ona of white 'lu ved M’gﬂ? ia 4.8 CH shille hove |
‘ beon sarried oub, hom the shells aro guienchod io wuusr ac 2000 ag the
sonvsrgion rocction da walil wader way, the convorsleon proessods cmoctnly !
wod safely to vowpletion. Trgycileor-goldevod M2A gholls wrill rob plord
<the conditlons Jwpoucd, GOOf ot §680%70., vhon ho
, shelln sire allovad to rewnin g the

furance Bhroaghout $he ¢ouverodon.\

( 17 Winety aix 4,2 U‘i ghelly hove been £A3led widl oxpoiinmutal
\

sherphewus fillingu. OFf fheso, 2 vovo Gostind to deofruction dn the
. sonverslon o Wit B 6 ln massivo 1od w&% The ool

Genon
94 aholls hove W.oa sont to the Army Chemicol Gonter for tost
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PROSPEORUS FILLINGS FOR MUNIRIONS

Progross. RépQX“l’; on Work Foyformed lu the Period Jamuary 1

te Maroh &1, 1048, under Conbract Ws18-086~CW5-1518

Lo the S-momth pordod aovered by this progross veport, the
axperirontal work wae conflsmed to debterminetlon of the proporitions of
whe cowponante of verlous f1lllzrpgs thad wowld be oxpooted Yo perform
bost in mumitiong. Flve typos of £illings comprlising greanlated whitse
vhosphorus and verlous bindors vore invosblga'us'_,. The biuders verse
ovdinsyy plestor of paris, plestor of poris oot with en emulsion of
vbite phosphorus ia aquaous polyvinyl alechol, Duralon, Thiockol LE-2,
apd Thiokel LP=2 modifled with noreapioetnepol.

During o visit o the Avpy Chemical Centor on Ocbolur 13 4o 17,
1947, 1t wag sprood vhat 1VA vwouvld chargs some 4.2 CM shells with
osperimental Tilliangs contednidng presulnted white oshocphorus and with
rad phosphorus propoared direetly in who shells by sonvoresiocn from white
phosphorua. Tho presewns report dogeriboy tho x.a...Lj.xv.g off 85 suoh cholls,
894 of «hich hove boen shippad 4 the Center ior ovaluntion,

PAYSECAL FRO®L)

0 7 i e 4 L e | bt =

s f‘foob of Wator on Dumlm mnd 'Jh'lolnﬂ P2 1illivas

A 1 VAt MO 4 i e Yr b P w

I% nas hoow customary hio dovmbor gromaldeisd phosrlicrue Top uge
in Duealon filiings by bJ(,virn 335 m*l Glo,ddu GOV rard LH'OU""- o ool
of tho granulss ."..-1 a vube closed &b i @ lowes ead oy ¢opoecus plats,
Woen tho bull of the water wou disn')e\r"‘d by the ca-hon dloxids, wwo
maecdasivy porblong off 95 por cont ovhyl aleshol vire nouved over the
gremmlos ond also dicplacod by o corront of sarbon dloxido. fhe purposo
uf o alegnol ves Lo provide a substansielly wetar-froe mess of phose
prorus geenulen sud thns to otwvlnte pogsible adverso offect ol the

uater on she seviing of the Duresloa resin with vhish the prenules wore

w0 he bound.

Granuleted phosphorus Por naa in Tkiiokol LP-2Z £illincs wes
dewstored by washing with sootone in the gsame manvie. Tho choloe of
solveat wao based on compabedbllity with the blyder, althonph only small
amounts of the sclvors wero Iolé on “he phosphorus.




i

" To determine the henefits derived fron virbual dewatering of
the grenuilsted phoaphorus with orgendloe solvents, two seyiss of Duralon
£i1llings wore propared; in one smories the phosphorus wags washed with

; - - alechel, and in vhe other the weter olinglug to the grenuloe wus nok g
§ romoved, Two similer sesrles of Thiokol LF-2 fillings also wers prepared, i
oxcept that the drylng apent vas scetons.

‘ With both £illings the use of granulated phosphorus wet with

‘ ' wator made the ialsial wixbures of phosphorus and binder somewhat loes

) fiuid and mero aticky, parvioulsrly bowerds moeballic surfoces. This

‘ : gbiffening and sackifying of the mixbures, howsvor, ivoroamsed ouly to
2 swall degrse the difficulty of mixiag and transferying the Plllings.

The wator was without notlicenble off'och on tho rate or ewxtent of euring

t of elther binder, or on the thermeld atebilitios of the cwred [illings.
5 1o ooneluded thal waching of tho phosvhorus grannlss with alachol

l or aostone will bo nolther necersery nor paréieunlarly degirablo 1P thess

| fiillings ave preopaved om v lerge senle with mrohonicel aguipment.

e VT

\ PV4, Bralalon-Plestor of Farde F11inas

\ » The terdency of emulgions A7 white phouphorus in agueacus
| oolyvinyl aloohol, and of &1lings proparsd uith theee amulsiens,
wlaator of paris, end grammlotnd phosphorus, to oacludo gas wish
soneondtiont inoreage in tho volumy osoupled by the omwlszion end the
| fLArgs hag on reportod proviouwsly. A fuwbhor luvestiputio

wAdo of the apporont veluws occuplad by knom w o of sovarel of
thoge smnislon £51linss.  Phe erulsd vn conbn ined 50 pur cont by welght
o owvlsified white phosphorus rad 50 por 02t of & & yer verd vquaous
solution of wediveevigooclity polyvinyl slechol,

0 VIng

* Keoh £illduy  conteined 172 prams of gravuleted phogphorus and
80 grams of the wmilgiov-plaster mixture. The Mllings ware pleced in
d~ounco plaga canple bobiles end allowad o stand. The volum»g of the
fillirgs whoen freshly prapared cnd aflter steadiag for 24 hours weys
oshaerved, and the regultn are iisted in Teble I. The inercese: in voluma
on steading apparontly is dus to reloass of oscludod gne aw the liquid
oheee of the omulsion in desvoncod by the gotting of the plosser of
porig. The ges an wrelenced pirobably would not reault io the -lovelopwent
of mush pressure in a closed scntainsr, Relatively few gas pockote
aould be goen in the fveshly propaved £Allings, but aftor 24 nours, when
whe plaater of paris had c¢ot, nupero=zs largs gas pockots wore visible.
Alihouvgh pomo of thone ©1ilings have gtond up faiely woll in shord (8~hour)
y vhermal cbobility tests, the presenco of the lurge gas pockets makes it
inprotable thet the £illings world romoin ballisticelly gteable on prolonged
axposure to femperotures above theo wrlting point cof white phosphorus.
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Apvarent Voluwss sad Specilic Grevities of

PVA Brulsion-~Plaster of Parls Fillings

(iach £illing oconboirps 172 grams of pravulated. phosphorus

ond 80 grems of emulsloneplestor bioder)

Pilling no. 1 3 5 7 b 4 & &
Cowponition of bindor, wt. f R

kmnlgion 77, 74 69

Plaster 2 26 ol

P . ol

Lppayaat yolw of PLLLIng e oG

Frosh 160 165 150 160 105 156 185 170
24 he, WwE% 185 0% 170 155 190 180 180

Lpparoat spocific pravity of PL1ling:

Feagh 158 .68  1.50 1.53 1580 1,58 .48
ad he. L.62 Y 1 It S 5 L.585 1.30 - 1,40

A VST Cpe €0 4 AL S Drar s (M

Tanosstical 1.70 T L7

o
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TherimJ, Stabilit v Testo

Lol SN

In evaluatlon of tho saormel stabilivy o saperimsniual phosphoruy
£311inzs comprising pravuloted pivsphorus eaod & golid bindor, the locatlon
of the ceuter of grevity, both along the longitudinal sxis and laterally
from that azis of & filled monltion, is determined dofore and after heat-
img the £illed wunition fur 8 hours et 65° €. whils lying on ity side.

The shift in ©he center of geavity of the ontire munition or of the filliag
plone i o wesguwre of the thormeld instebility of the £illing end might be
veed o eatimate the ballistilc ingtability of the irunibion when fired from
e woapon. On the othor lond, the thermal stebility of o £illing bhat
containg whlts phorphorus pirobably is expressed bont in toring of the ebllity
of the binmder o rotein ths phosphorus at temperatures above the melting
polnt of that oloment,
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- la the followinpg discussion, the oenter of gravity of a mnition
or any of lte componenis is located by ity dlstenve from the base of the
mraition es weeswrod along a line perallel to the axis of tho mumition
(longitudinal cemtor of gravity), and its distance from the axls of the
mmlbdon an measured alon{§ o llne perpendiculsr ho the axls (laboreal
contor of gravity). The "Sorquo” of a munition oz eny of its cumpomenis
is telen wo moen the produot of the woighd of the wmunitiow or 1its comporemb
and the distpuee of the coryeoponding longitudinal conter of pravity from
the bago of the muwaition.

Astemptg were mwade o oslovlato, {rom the mosgured shiit of
the oenvur of gravity, tho amount of phosphorug that hed run out of the
body of the £illing. Thermal stability testa in glass bonvtleo had shown
that vhe z0lld sponge lormwd by the blndew, in which the greruwlos of
phospherus were embedded, underwvent no cppreclebis chengs. 16 was sssuvmgld
thad the shift in tho conter of pravity of the munliicn was dus cobively
to movemaud of phomsphorus from tho binder indo Lhe free spoce botwsen tha
£311ling and tho top of the muwition, It was egsweod also that the
longitudinal centor of pravivy of the binder and +ho phosphorvs 1% contoinad
af5or the tost was tho sauwe as thot of the orilginsel £11ling, and that
the phosphorus remminling in the £1)ling vws gdigteibuted unifornly along
the anis of the “illing, but not necesserily wnilormly ia & divection
parpondlcular to the axis.

Frem tho volpghts of the filllrge awnd tho dimounsions of Ghe
oontalzwrn (MIS gronedes and plugo compie bovtles) into which the £illinge
were chapzed For thormasl siabllity teatc, tho voluwio ocovpiod by the
Pilling and theo welwno of froe ypiace betvseon the £411ling and bhe top of
Hho gonteuiner couid to celenlutod. The longibudinal center of gravivy
of the wabosted #31ling oleo could bz orloulatod, as conld the longliuvdisal
oontor of gavity of any phosohnrug that would run oul of the fAlling in
the slermal stebllity test and colloct ix the freo spoes. Wibkh theao
data, the awcuat of rphosphoraus that 1es logt from the mein boldy of the
211130y ooudd ke ocalewlabed in the following manner.

8inoo L% in escuiwd At sadli of tho cunber of grevity of a
madtion during a thormal otabllity voat g dus entiraly to the novemsns
of phosphorna from the body of the £illlng to thn Treo upage betwoen tha
L2400 ond the Gop of tho munitlon, the cheonge in torgque of the munition
wyr ve oalonlated elther from the weight of the mundbtlon and its chaags
La lomgitudinal ~exntor of grevity or from the weipght cf phosphorun that
rung out of tho filling inbo the freo spsce and the differencs bstwoen
the lopghbudinal coniors of geavity of the £Alling and the free space.
When these two torques ore equmtied, the weight of the phosphorus that
runs out of the £illing is the only unlmowa and onu be determined resdily.
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Hinoe the dimsusions of 4the freoo space beitween the Filling
end he top of the munition are known, the latioral center of gravity
of the wolume ocoupied by the rum-out phoaphorus can be celoulated,
andin tyrn, the lateral unbalance dug o the run-out phosphorus csn
be estimated.

The data on thoermal stabllity tosts of samplos in plass
sample bottles that wore reported in Toble IV of tho progress repord
covorlng the perlod Octobsr 1 to Decomber 31, 1947, woere rwsislouleted
by the method deseribed abowa., The resulds, togetheyr with some of
the date presented in the earlier report, nce shown in Teble IL of
the nresent roport. AlLhough the egrocmsat bobtraew tho valves
"estimatod" and tho valuss "oaloulated” by the methed owilined above
is less clome fhan is desirabla, the goneral corrolation botwoen the
two aets of vrlues Indicabes that tho robthod of osleuleblon la suf~
ficiontly velld to show, at loast roupghly, the movamint of phosphozrus
through end out of a solid binler of the typs vsod in the TVA
experimentel {1llings.

Dute. obbeined from tuermal stability tesbs of £illings in
118 grenades are showx in Tabl: IIL. The plastor of paris £illings
show conalstently high tharmal stabdbility., Duralon snd “hioliol IP-2
fillings appear to have practically tho smwe therwal sbtability, The
erraile bohavior of tho fillinmye prepavod Trom polyviuy) wloohal
emloion and plastor of poric mey be duo o the Pact thot the L4 sories
wag 14 days old when the tests wore mado, wherves the LS and L& sories
ware oaly 7 deys old.

Poyhape the most signiflicact valuws in fablo TN are Shosc
in the lest colvmn, the perceusage of the total unbulonce caleuleted
%o he dua to Lthe phogphicrus thet had run out of Hhs maln body of the
Flling., In Qillings bouwed with sither ordinaxy plastor of peris op
plossey of paris set with polyvinyl alcohal emulsion, about 33 per ceub
of the unbalancs e due S0 the exuded phosphorus, bt 80 poy cont of
the wanbelance of whe Duwrelon Dilliags, sanl 116 per cowb of the
uvhalenco of ths Thiokol 1@-2 illings oploars vo bz abtbtributable to
the oxuded phosphorun. 7ho valus of 115 jo1r cent for the Thiokol LP-2
£illivgs indicaten that tho ealsulablons ave gompwhat inezect, but the
rslasive values for eaoch btype of £1lling nrobably ave Jn approxiwately
the aorroct ratlo to tho values for the other typss.
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Thormal Stability Teste of Duralom and Thiokol LP-2

Fillings in Glans Sample Boublos

a8
g
‘
]
£
i

latornl unbalonce of heabed
 pompla, peon om.
lonad 4 Betd,

notinbes eren £ 0

Semp le Lous_of We, %>
no. Eotd, P Cnlod.”

Coled. G

1 e, o S

Dupa lov.

e p—. mtmor o

EBG 33,4 22.6 7.0 £0.0 48303
koo 35.9 27.7 £3.9 46,1 4104
E100 7.0 &4 9.3 ia.z 9.9
18O Ga a.8 13.9 1% 8.3

Fhlokol LP-2

CI NIRRT NV N

. 430 6.0 &.8 &2.8 79.0 19.4
f10C 4.3 7.5 13.8 9.0 18T
J12C 2.9 3.7 16.8 4.0 7.8
Jhioleol LP-2 @ bh Yoraophoc theno)
Mg 3.3 1.0 0.7 551 26,23
H1oc ' R 0.3 14.0 20.7 1.3
MH12$ 4.0 S8 19,5 10,0 7.4
% pop cont of total vhosphavur chergod that rax out of body of
the FLlling.
Betimnted Lron acagurowents, afbory solidiflcotion, of the
phoapborug that head »un oul of tho body of tho {1 liag.
9 galoulated from shift of corier of preesdty by wethoed dosorihad
o thin ropori.
) i .
Direct measwromsus.
L]
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Theymal Stability Teste of Expe;imm:l;ml Pillings in M6 Grenades

TADLE XTI

it e T A Y $

Gontor of gravity, mmition

®
(Munivions heatod 8 howrs at 65° C.)

Ialtial

long.,* lone.,2 lateralb, W=, %™

ATTor Cast

Goldenlavod movenzas of

phoaphorug
TEREA GG (Y

e

of charge® run-ows, % of :eu';)a.ud"l

_No. o, o, cm.

('Dm-u Jon

E9A 5,96 6.10 0.079 7.1 60.2
BB 5.96 6,08 0.071 6.2 58.0
E9C 5,95 €.02 0,013 3.5 214.2
E10A  5.95 5,99 0.022 2.0 80.8
£103 5,11 6.22 0.058 5.7 70.1
100 §.00 6,15 0,032 6,7 70.4
Blll  5.97 6.12 0.036 7. % 78.4
3113 5.00 6,13 0.033 6.3 69.2
$11¢ 5.95 6.07 0.018 8.3 86,0
212, 6.08 .71 0.053 6.3 70.8
2128 6,12 .23 0.057 BT 5.1
418 5.14 .25 0. 052 4.3 56.0
4133 56.16 8.22 0.046 5.0 60.5
Juiokol 1P

iBL 5,95 .05 0.0 6.0 100.0
J163  5.95 6,09 0045 7.1 106.6
Ji6h  5.08 .10 0.055 2.9 49,7
J163  5.96 .11 0, 043, 705 155.8
JITh 6,06 8.16 0,051 5.2 126,82
JUTY 5,87 6.01 n.007 2.0 76,7
N7 6.08 6.14 0,013 4k 214.8
J18A  5.97 6.04 0,051 5.5 38,0
JA83  $.96 6.10 0.0i8 7.5 99,1
JIoh  6.02 6.10 0,051 4.1 8.8
Ji93  5.96 6.00 0.027 5.5 51.2
J19C 5,97 6.08 0. 059 5.5 100, 7
J20h  6.06 6.16 0.0%9 5.6 108.6
Jeon 6.00 6,18 0.027 1.8 60,1
2Lk 6.05 6,19 0. 040 7.1 123.1
J21B .08 6.16 0.027 4.1 116.8
‘JR24  6.09 6.81 0.032 6.1 133.1
Je2k .08 .21 0. 051 6.5 158.0
J2%. 6,08 6.21 0.037 8.2 143.6
Jeas, 6.12 6.25 0,027 6.9 156.0

e e R ot e
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TOBLE TYY (Contd, )

Center of apavity, munitlon Calouleteod movement of
Initdal Aftor hest phosphorus

long. ,* long., & lateralP, Tunw-oul, &%  Onbiiance due ©o
No. onl, o1, CIn. of eherpe® yuawoub, % of nmeasd.

1)

Plastoy of Farls

¢lza 6.06 G6.10
¢Gizb 6.08 6.08
Clee  6.06 6.07

. 03¢
023
0

fo i w I
DD N
- S O
.
<
[V~ N
R

.
T >

E
Bl
o

FPolyvingl Alechol Bawlrlon=Plavtor of Pe

I4A 6,00 4.10 0.036 LG 63.7
LaB 8,17 6.20 Q.065 1.4 6.8
148 §.30 6.89 0,051 N nll
L4n 5.28 6,58 0,062 Led G
150 §.08 6.350 0,185 15.0 a8, 3
Lep 6.06 6,32 0.1382 Ll 39.6
L6C 46,12 6,00 0.11% 10.0 0.8
L&D §5.0% 6,50 0.131 .4 3.9

% Pho loagdiuddvnl lovwilon of tho cenlur o0 g
from she besa of whe mumition. Tho conter off grevily ef the anpby
M5 grenads with turstor woll in placo vuplos Dalely wepulerly rad
aubstaatinlly Mncarly from 9.98 om. fov o &20-gram copo ond well

o 7.42 gu. Loy o 34begram cuso cnd woll.

Moveaant of tha conber of gravity of the wmmltlon frem tho
lougdtudinnal oxls, Tho contors of gruvity of wmost Lliled grenados
vave va e Jongliudinel ooes of tho munitlons; abon the prenado

was webnlenced initlally, ©hs loterel owid% is tho dilferenco batween
the fipal apd the initial posidions.

Duralop, Thickol LP-%, and plestey ol paris filliage oach coagbained
253 geans of vhosvhorvuc., Fillings of polyvicyl aleohol emulslion and
plastor of yords contalned sbout 270 grams of phosphorus.

Lateral wnbalance of phosphocus calealatod to have run out of the
body of the £i1lling dividod by the Intoersl vrbalsace Pfound by
meagwrenens of the tesbed muuition,

L A T ]
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The porosity of plaster of paris, end particularly the lerge
gas poclkots of the emulsloneplaster £illings, probabdly psemit sethling
of molton phoaphorus theough the bodies of these £illlwge, s0 thet,
with the nunitlon on dis side, tho uppsr purt of the body of whe £illiy
would e oxpocted ko eoabain less phosphorus thexn the lower part afier
e thermal atabllity teat, The Duralen bloder ie o ripgld waterldal, and
getbling of phosphorus thzough this binder wdoubiodly ccceurs, althoung
to 8 less axtont than in the plasbor £illings. Thiokol L¥-2 cets Lo an
slaptio rubbeyy 80lid, howersy, which prosumebly should expand sowmswhod
wrdor the proguweo of molten phosphorvs developed in the Lhormal stabily
toats.  FPoosuss of tlw elasbleity of Yhis binder, wrupturea ia the wmlls
of the eclle in vhich the ladividuval granuleg of phoophorua oviglaslly
vieys aomcalned wlpht be expected to cleno vp aflor onough phosphorun
her boen oxuded o relieve tho proscure, with the rosuld thas theyvo
chould be less tewndensy for the phosphorus o sobitle dowmward through
the body of the filling than thyre in in Duralon #illings in whileh
rupbures of the oall walls prohnbly ore pormmnent.

Tha Duralon £illiugs oxuded an sverage of 5.5 per cent Of th
phoaphoruzg peosent, 2nd tho Thiokeld IF-2 £34)1inge oxuded e wvera;p of
0.3 por coxd, Dabe on the thormal cosff{lolent of expangion of
Yhiokel 1L¥o2 ere nobt sveilablo, Tho naufacbvrers abote thot Duralea
hes anout the amw eoulfiicleat of expunnion oo cltoel, 12 x 1078 por °G
8ince the cubleal cozflfislent of oxpansion lu nbout 3 times the lincer
coefflolent, e ploce of Duralon, or the cavibios iz a apongs of
Duralon, mey be oxpeoted 40 inercase o 1,004 $iusg the oripglnal volww e
or. bulng hooaved 40 G. (Ovox vroom Lewpevabure te 35° &., dhe bemporatus o
of the tharmal ssabiliby bent). Sirco 50lid whids phosphorus ab 26° O
has a spociffic pravliy of 1,82, ard moltem phosphorna si 65° ¢, has e
speeifle grovity of L.7:5, Sbha volwmo oacupiczd 1y tho phosphorus Jneroseiss
B0 1068 Simng dtg ordglneld sizn. B0 tho solld phosphorus just £illed
the uvahcotsd speagd, them, asswaing che aponrs to Te nonolasihie,

(1.055 = 1,0024)/1.080 = 0.08),

or 5.1 popy conlt of the inltinl chnepe of phosphorus would be oxudad {im @
the body of the ©11lling., Tho elastic Phickel IF-2 appurently is up mww 8
able to expand erd Thereby rotain the molten phosphorus then is the
rigidly soldd Duralon, s.lthough the phosphorus romaining in Thickol I¥ R
£11)inga efter thormel pbabllity touts npposes to » more vniformly
distributed along plorss perpondiculor to the sxmis of thoe wwmltion the
the phroaphorws romaindng in Duralon £13liogs.
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§ b The fillimgs Jigted in Table XII, particularly the Duralow and
Thickol IP-% filllags, veried considerably in esrinin of thelr components.

g . Atbompta Go dobormine the effect on thermal stabllity of sueh veriables

! : as particlo olze of bthe granulamted phesphorus or modiflceubions of the

8 biwder, az by addibion of mercaptosthaunol o Thiokol IP~2, were uwnsuvccessful,
Duolicete £illings often difforod more lLetwooen themaslves then they
differed Trom enother £illing omiuining the sems bimder,

Iy ig voncludod thot the thermml stabilitles shown in Table IXI,
waathor sxprassed ag shift of the eenter of pgravity or ag the abhilisy of
tho bioder o retain molten phouphorus, refluet an inherent property of
tho Wader.  This proporty deponds upon the powosity of & blander such .og
plagier of paris, and upon the nosffielent of oxperuion of an inpervilous
nowlentic bi ook as Duralon, Since theso characteristics nre
Imwront in (e vinders, improvoment of the therwsal stoabllity of £i1lings
propared with Shecoa blwlovs mey be ngcoipllshed only by modifieation of
Whe propusvics of the particuler binmdors, o mithod thut doos not appeer
“o m Porsidblo ab present.

PR PATATION OF RID PHOSPHORUS IH 4.2 Gl EHETAS

The .2 CM shells vhich wers te ¢ charged with iassive red
pogphorns, prepured Dy conversion of whibte phosphorus divectly ia the
sa9l) cuszo, ware fllled with wolten white phosphorus contelining 1 per
c3ab culiar ead prooticnily freu Irow weter, The sulfur was added in
Tl form ¢f the 3C-20 phogphorus sulfur subsotle., The buraster vells
ware seatod without epplication of lubricant or dope 4o tho seat.
Siace tho burstsr-well seat obviously ie the weakeaw joint in the
azzombled chell, a threaded plug was sorevod into ths nose of the
sholl to proas egainst the open end of the burster woll and held 1t
soouraly in the ssat. A4 hole wns drilled through the threaded plug
alonp ita axis, aad this hole was threaded at the {op to receivs a
1/4-inch standard pipe. The pipe served as o means of suspension of the
gholl and es a sheath for the thermacouple that wen inserted into the
burater well. The shell was heated in e vertioal tube furnmce that
wag gupported above o B5~gallon drum about two~thirds full of water.
The shell vms suspended, by the pips, from a ocable rumnlng through a
pulley above the furnece, so that the ghell could be raised ard lowered
, bty remote cantrol.

The shell comtaining the white phosphorus vwms heated in the
. furnace wtil the temperature indicated by the therwocouple in the
buraber woll showed & maried inecrsaso in rate of rise. When this repid
riss of temperature ilndicated that the highly exothermic conversion had
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The pipe In the thresded plug extonied above the water end kopt the
burgter woll dry. The tempereture shown by the thermocouple in the
burgter wWoll continved to rise Loy gevoral minutes vabil a woxdmum
wag resched and maintalnsd Cfor o minute or go, aftor which the sholl
ceolaed fairly rapidly., Whon the sholl had cooled to aboldys 100° ¢.,
it was pulled wp throwgh the farmnco nnd romoved from the supporbing
goge plug.

sterted, the shell was lowsred and completely sultmergsd in the water.

Typical thormsl hivtories of govural shells wrs ligted in
Teble IV. ‘he rate of hoating of the ohorpgys f wakio phosphorus in
tha shells opparontly dld mot affect the tomporatburo at which vhe
conversion was inltiated. ¥ho bomparaturo ot which the eonvorgion woy
initlated varicd frum 240° to 200° C., as is slovm in Teble V. fThe
raximum tenperetures obtalued in sholla thet were quenched in wator ag
soon ag the noxworsion wae initilated wvarled from 415° to 689° C,
Thoge rother wide veriations in obssrvod teamprrosures probably sve duo
as ok to fortuilovs dliforonces ia placemnnt of 4he thernucouple in
the buretve well as to differcaces in Hhe bebovior of the wverious cherges.

T5 w311 b2 noted that the convevsion in shall Rel8 in Teble IV
spparontly was initiated ob alout 260° C., bubk that quenching of the
gholl ghoppud tho roanctlon. Tiis phenvmenocn, which Las boen obasorved
o fow timos with charges in both MLS grenedos and 4,3 (M shalls, :aighb
camplioate conbtrol of tho loypgs-acale productilon of phosphorus {illings
by the gemeral method omployad hexc. It scown prebable, hexowor, thab
if tae sholls were permltted ©o atindn o tempsrwiucs of abhout 350° O,
tofove bolng quanchad, *hoe consorsion would alvieys po to comnlation,

Threo shells wero Jeft 1n the furnace nfboer the convorsion
had beewn Initdstod, Ounly ore, R-Ll in Table IV, vilbhgtood ths cooditions
imposed wilhout noticoedlo loal.

£holls R=-18 aud R-23 (Teble V) wors left in the furnsco unbil
raslaun tompovatures ¢f abhoui 5G0° ¢. woire rocched; bBobh of these sholls
dovelopod bod loaks at theo arximunm bemxraiure and vere quenched
imoe dlately. Both shello lovorsased in welghi, ag shown ia Pable V,
precumsbly by Intelke of watoy through the failvres that hed perplited
losas of phospherug, An ianspcotion of sholl R~ ahuwed uo apparens
sorions failure, bub the baso of ghell R~23 waz pughed almess ovt of
its zeab, end it is probablo that, had this shell remsined ia tho fwrnsco,
the tase would heve been blown conpletoly out of thy cese. Tho M2
shell (silvor soldered) snpporeutly cenuot stand the convorsion wilthout
gusnching: quonching oools the soldored jJoints enough to ensure sufficlent
strongth to withoteand the pressure gonersted in the conversioa.
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TABLE IV

AP g 8.

Thorme) Histories of Converslons of White o

. Red Phosvhorusg in 4,2 CM Shells
! . .
Sholl R-12 ___Shel) R-13 Shall R-16  8holl Rel
Time, _Tomp., G, Time, Temp., °C. Time, Yemp.,, C. time, Tewn., “C.

win.® Fos.P Shell® min.® Fem.D Shell® min.% Foo ..b‘_f;-hell“ win.® Fee,b Shells

16 61 8 0 536 59 0 545 12 0 363 0
30 110 24 15 315 85 16 B35 a6 15 369 va
4% 167 2 30 B85 246 30 354 113 3 356 198
50 195 43 45 357 209 45 877 177 45 351 190
76 223 78 80 a0 261 55 395 219 40 364 227
90 261 109 61 - 265 5G - 224 70 - 251
105 289 144 6o . 267 57 - 228 6 N 253
120 513 T2 85 - 271 58 " 231 va - 555
133 545 anl 635.08 20 278 59 - 556 VK - 256
150 368 264 G4 28 285 60 402 539 74 - 257
151 - 267 il 20 5432 G - s 75 - 268
« 152 - 269 66 34 429 520 4L EB7 76 - 543
155 - 272 67 38 487 49 44 n0E VT - 166
154 - 875 68 57 515 e 47 516 78 - 518
. 155 - 260 69 58 518 65 aun 810 79 - 5584
1554 3 508 0 59 497 65.58 . 5o 50 - BAT
| 157 1 443 71 ) a73 6 BGL6Y 61, - 555
| 150 14 a9y 72 a0 149 6Y 51 418 L - 560
1 159 15 619 76 a3 575 60 B 453 itk - 562
| 160 17 529 80 a2 262 69 55 429 t4 - 563
151 1w 581 il 48 181 70 5% 415 5 B84 564
162 20 521 90° 43 125 71, 34 %98 06 - 568
8% 21 504 78 54 B0% ur - 585
154 22 483 75 85 528 43 ~ 562
165 22 4062 80 B& 240 a - 56589
170 24 336 35 55 278 90 - 552
175 25 136 90® 55 124 us 394 522
185° 26 30 100 389 497
108 386 474
13 377 453
1354 0 436
120 - 274
125 - 24,
, ’ 180 - 1s7
1450 5 70

Mzagured from tlme gholl was placed ir fwrnace.

Temperatvre of furnace tube while sghell is iu fuwuece and of water in guonch~
ing tank aifter shell is quovched, or extoranl temperatvre Lo which shell 1s
subleotod.

Pemperature indicated by thermocouple im burster weoll.

‘Shell lowersd iamto water. ’

Shell removed from wabowr,

Sholl relsed from water back into furnnce.

& Shell lowsred agsin into water.
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PARLE ¥V

122 e

Coaversion of White o Red Phosphorve in 4.2 CM Shellg

Shall welght, pgrans - Walght of Yomparature, O,

*11]ed WP chrrgs, Beare ol
Ho. EBmpty®™ “Infiial Couveryved groms aonvoraion  Maximin

Hel T BGhH 10265 870 5570 260 58B6°
R~2 6E6H 10160 10353 3465 240 9 415
Red 6679 10138 10140 44360 240 408
Ao 4885 10256 10220 8550 250 427
R~B G670 10256 16250 3500 250 461
ReB 66065 10170 10170 3505 Y5 607
ReT BE8 102086 10808 3520 250 -
ReB G6U5 100590 1I006H 3378 270 475

R-~ob G655 10200 10280 5645 265 4357
1108 8690 20030 10080 . 3330 255 435
AeldF 686U 10185 L0585 $520 270 478
Rel2 6875 10130 016 3475 280 531
R~13 Gere L0885 20160 5485 R7H 518
R»14 agss 10196 1000 3540 286 539
R~16 6670 10165 3108 270 520
Rr38 6824 12248 3528 26504 4B+
R-37  B855 10340 3505 200 538
Re-38 At 10356 1) 5510 278 556%
Redg s 686Y 10055 10CEH 3300 256 517
R0 GaUE 14 10430 KX lealked brdly af 180°
f~21 BG4k 1040 lont 5795 wh 240°

Re22 6650 10186 10146 5465 482
Re23 6645 10146 10610 00 280 5520
R-12) 6590 10C70 DE6H 280 245 466

=
i

& Wolght, Lo aerpest § geams, of sholl, Lurstey weil, and plesbtilo nose
GEf .
Inivied chargs conteldoed 78% WP, 254 1.

S Rempdlnad in soviaoce during convorsion,
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Sholl R-M2 (Tabls V) wae the only welded shell in whigh the
white-toered comversion was carried oub., This shell swoked badly efovs
the conversion wes inltiated, nnd the tabulated dets show that tas shell
loagt ab least 100 graws of phosphorus. An inspection of the (uenched
shell showed that most of the leak wes through the joint betwesn the
adapter and tho noge of the eane, although sowy leakepe oloo hnd oeouwrred
al the joint betwoen the base und %the emsa.

In shells R~ to R-11 and chell B2 in Yable ¥V, tho catalyat
wag nob woll mixzed with the oharge, but in shells 1«12 Yo N-23 the
charge war Shorouwghly wmixed by sheking thw froslily chovped shall while
whe phosphorws wags sbtlll molten, The sowbot lowor toempoiratures ob
whioh the convervsion was initietod 1n the Lirasb geovp of shalle moy
woll b3 dve to high lovel concentravions of ocabtalyst, lor 1% hos boon
fovnd, in conweprsions of white to rod phosphorus i Hib grewndes, that
incyeass in the wount of sulluwe tonds to lover {hs btomgerabuve of
Lnttlatior of the conversglon.

8hells R-9, R~10, and R-11 wern charpged with e minturs of
ahewt 70 yow cent white aud 26 por conbt wved phosphovus. As showa da
Pable V, theoeo chargpe benaved almogt ewaobtly like thoss conmtbining only
wiite phosphorue,  Sines the rod phocphorvs in the inidial chorpa 4ld
noh lover re mamiaum tewperaturs obhtainod in the somvorcion, the use of
rved phosphorug ir the indbtial dirgo doas nob seen to @ of any edvanvage.

S01ls 0-20 and Re21 Jusdvertonsly wexe Jillod with excemmivo
cherges of whide phosphorus,  Bhall P20 bopgan B0 oroko et about 2167
g whon bk G vedgnre veachoed 2207 €., the tnre of Ghe shell was
pushad em:lrely ous of the caue oy tho empansion of tho phosphorus,
Thore was e wlld sxplogion, which rainod the chell abmi 2 fecy, bul
nost of tho phespborug fell irto the quenching tsoix. Shell R-206 hopgun
Go euows profussly ob 190° ¢., whercupon 1% was quuchod erd digeosded.
Tho usuel c¢harge orf white phoaphorus, 3600 grams, cmowsbas to 1.68 grnus
pEP ¢¢. Of froe gpuce in the 4.2 CM chell (2310 Ge. ). Chargey of ag
inrge as ).56 prems of WP por ce. (Gholl R-5) hove bosn guljeched Yo
the convorsion, but the 1.04 prams of WF w» oo, in sholls R-20 and Re&1
obviously 1a grenior than the capaclty of the falirly avnelastlic comtainer.
The maximum parmissible charge probsbly la close to L.556 graws of WP
psr co, of voluwe in the shell.

An atbenpt was wade Ho estimaeto the hont of reactlion in a
nunboy of couversloms., A swall jusnching btank wlih o cagacity of about
40 litors was provided with a pump to clrcuvlate tho water. Thw tompera-
ture of the wnter wns meaesured with & 10~junction ironecomsbonitan
thormooouple. A measure ol the correctlon to be applicd for the heot
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osontont of the shell tefore converslon wee made by quenching two shells
& before comversicn wes iniilabsd., The results of the meesuranpobe,
listed in Table Vi, ere loss cousisbent bthen is deslirable, bul they are
oloae to the value of 16.0 kp.~oal. por mole of P, thet ie yeporded in
.. the literature. Shollg R-12, E-l8, and R~16 in Table IV wwyro thyvee of
thoge wged In the determinetion of the heat of reacticn. The uncorrecbed
rigo of tho temperature of tho water in thoe guenching tosk is reported
in Table IV. Bocause the woight of tho shell wags newrly vwlce the
woight of the chavrge of phosphorus, the corvection for the hoat in the
shell boforo conwersion hegewn vos chout s lavew os the hoat ol the

roaction.
TABE V1
Heat ol Reaction ln the Corversion of dhite
to Red Phogphiorus in 4.2 CM Shollu
Tomperetura, °C.
Shell Start of ' woat of weoctlon,
* no. sonverslon hasdhmu e ool par mole of P,
. R-1¢ 266 317 16.0
Rl 276 518 6.2
Q16 260+ 135+ 16.9
R~82 260 483 17.8
R~k 270 329 7.5
SEPERTMNUTAL FPILLIWGS | {30,‘3‘1‘A121E311‘IG CGRANULATED v'!,"IZ!.':J.‘,TSEV
PROBPR ORUS L_}{ 4,7 CH SHELLS
in addition o the 24 shella in Table V thet ware £illed with
urgsive red phoaphorns, 72 other 4,2 CM shells were filled with
exporinental fillinps eemprising granalaied white phosphorus and o
binder. %These shells heve beer sont to the Army Chonlcal Comter fop
tost. Six different Fillings viero wade, and 12 ghelle weye charged
. with each £4.1ling. Dogoriptlons of theso f1llings aro glven in

Table VIiI.
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E,wpm'im@ﬁml Pﬁhggppgrag lﬂil;rt:‘r.'g.{gﬂr in 4.7 UM Bhella Submedliod

fox Test et Avwy Chomlenl Center

Plagber of Pariy, deslamated "¢"

Bindor, parts by wight: plogtor of porle

VRO

Pingtoy of Pavio, dosirmatod 1"

Bivder, perua Ly wolphts  plontesr of porio

CITUAT

PUA BanlodonsPluntor o5 Pavls, dosimetHd "L"

100

100

160

o0

Modsy, parug by woiebhit:s OG04 owulsion of W¥ dn 4% acusone
polatica of polyvinyld alerbold,

Iy

A vl vonsityg

plester off voris

Duralon, dendigunted "B

Brony, pavio by welght: Duralon 30

Aoviretor ¥

Activrasor

Thiokol LP-2, desienntod “d"
Binder, pavts by woipgkl: %hioed L¥-2

fupfaal

formic Acid

70

iy
ah

10U
T

4.0

3100

20

o
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TAME VII (Conbd.)

“hiolknl 1P-2 with Mereaptoothonol, desipnatod "M

Bivdor, partz by wolght: Thiokol LP-2 100

furfural 20

formle ecld 4

ronpbosthenol 4
Partiele sige of Holght, grams .

Pypo varmlated WP, wi. % Geun.

.510@:._‘1,3;:.,('.\%;;1,0;@ il +ﬂ n mh -8 e 4. iE indor jl?o'b&l
0 40 ;0 2064 L1350 3374
n 0 130 2005 1130 B335
i o0 70 2060 960 3000
i A4 [ 2205 966 3173

Xy 50 70 2206 957 3162
3 70 BR0% 957 5167

) ) . e bt ot
fhe proondetusd phosphoren aned in Pliliage “c", "LT, ang MUY

virpe dovetersd only by Dlowiser sexbon dloxide ough Bk 3 colurm of

PROEIROE AR H:;, doying tube. Tho gepaulatod phos m}wrﬂs uged in {iliing
[FIRY)
B

wos washed wikh wleohol, ard whwd vaed dm P 1%ngs (97 and "I was
veshad wlth seodone,

The wa'wlﬁ'-' ol the 02 .L:M,s Yigted Inm Telle VIL awe thope usaed
ivo the prepoeetien of Bl wmiitvre fer onch ahsll.,  The pronuvlaied phos-
porus e velehod vodar .'m.toa.' 3*7101'0 di y'my Phe variobls holdeup of
Lignid by the gr.':'.nn.’ws end the wechwnldonl logses ontelilsd in the lvadlag
oparation resulted Jn wrlatiarg in the « ;e:.;_;h a of the filliags placed
in the individuel shella. itk tho oxesption off whe fillings in the et
sevries, the phosphiorus iov which van not cawm..lv ariwd, variotions {rom
ko sotnl welghls miven in Table YI( were less “hnn 100 groms,
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RBVIEW OF RESULYS AND TLANS FOR TERMJ.’I‘L;\.TIOI\! OF CONYRACT

I% hws been showan thet massive red phosphorus £illings way b .
prapared in 4.2 CM sholle by heatlag chargoee of white phosphorns In the
shells Lo some temporeture, batwesn 2507 and 300° €., at whish the
oxothermic conversion reactlon ls indtinted, and quonching the shell in
watey when che rosctlon 4z woll undor way., The gquonching appeers Lo
ueesasary bwoanss? tho maximm lewperatuvre of aboub 5607 ¢, that my bo
roschwd is high onovgh to sofuen the silver solder used in tho M2E
shall suffiniently to pormit feilurs of the noss ve waes jolaby uwxler
sho presuuve goneretod on the conversion unless the joluoks avd cocled.
The case itnpolf eppervently cen withstoad the pressvve L"(:'J'J"‘l‘&\‘b@(‘" vhon
the aholl Ls nol guenched, end modiflcation of the shell to provide
Jolots thet will rewain gestid:dt under an intornel presswe of 600
vounds pexr squere iuoeh ot 500° C, would expodite lerpo-scels application
oy tho convorsiou. %he shells Lhoa could e passed through s fumnace
smintained eh gomo Lumporatuce botmsen 300° and 5507 C, and cemoved at
any blme eltwer compietion of w6 conversion. L she chells arc o bo
gquonchod, hovovoer, any dwlc,u {that would ensvpo guenching of anch nhell
vien & tomporetvre of atoab 330° ¢, 4o wbbained in the bursior wolld
probably would porait lawge-socle wie of this nctnoed dn prepiring
masslve rod prosphorus £11lingr dn 1.2 CM shells and similar mumnitlions..

e £33y of aleaty-six 4.2 O shells with ezperimentel
shargas for westa ob the Arry (hemisal Center completod subsbontially
2l tho oxpopianntal worlk welor shis eonbiact. A ounwrey ropord
goverdng ell the work peslorewd undor Hhe corbract willl be propered
gnd sutwidtod o Sho Awmiy Chemiond Sentor by apedl 20, 1948, on which
deso the oodiress Lo $o hu toowiostod.
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