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Tonnesses Valley Authority
Chemical Enginsering Department
wilson Dam, Alabams
Ducenber 8, 1947

Commnding Offioer

Chemical Corps Techaical Commnd
Building 330

Arz; Chemioal Center, Maryland
Attention: Chief, dunjtions Division
Gentlemsn:

Tranymitted herewith are six copies of the fifth quarterly progress
report on our studiss of phospharus tilliny for munitions. The
report ocovers work performsd under contract W-~18-035-Ci8-1318 dm-u;
the period July 1 to September 30, 1947.

Very t~uly yovrs,

TNESSKE VALLEY AUTHORITY

KL Elorgra_

K. L. Elmore, Chief
‘Chemical Research Division
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PHOSPHORUS FILLI%GR ©R VUNITICNS

Progress Report oa i#eri Porforr:.d in ths Period July 1 to

Saptember 30, 1947, wder Contragt W-18-035-CiS-1318

SUMNARY

Investigaticus of the proportii:s of various fillings ich
granulog of phosphorus are comsnteld with a fluid bindsr thrat s quently
sots in th) murition to form a 30lid [illing have indicated that ster
of garis, Duralon, and Thiovkol IP=2 ac2 the most promiging of the warious
oxporimatal tdnders., Those bindors .1l to uged egglusively in immdiate
Jurther study of !‘illin;o bagerl upon greiulated p&.

Flamo—reverdants proeed-of lisvie W

oxpe ri HTAT TYTTTIIN: — I

W presort method of meazurins the thermal instability cf ’cho
£illings ty determipation of the unbtalun:e of e fillaé mmition after
storage oo its sido under desert coniitions appun to be gatisfaatory. \ A~

pondulvm~typs

oconter of gravity.of the L£illings, *M&WMMG.— wil
determiied., The thormal stadility of tr> £illings will be tes
contairors, as well as in MiS grenadss, sith pr
visual check on the movemmngt of she scnpononea of ths various fillings upoa
‘expoaure to atmormally high starage tempsratures.

Fillings composed of mixtures of red and white pho’;m'.
partiocularly wres that regult {rom gybstantinlly complete aonversion
of white to magsive red ph&ll witkin the munition, sppear
to W very promising, Methodo of conwrsion of white to red pkoapm will
be studied, both at rolled (atmospherio and superatmospheric) pressures
and in sealed muniti in which & maxizum pressurv of 630 pounds per square
inch and » maximum tompdrature of 590° C. ars to he expscted.

Beoause of the difficulty experiencod in an objective evalustion
of tho sxckos produced by exporisentul fillings in MI§ grensdes, it is most
desirudlo that 4.2-inch CM shalls be filled with the mare promising fillings
and cubritted to tho Army Chemical Conter lfor storage and performance testas.
Such & teet program certainly should inclvde sevaral shells filled with
mmesive rod phosphorus, prepared ir placo by rapid conwersion of & charge
of white rhosphorus in the svaled munition,
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PHOSFEGRUS FILLIAGS FOh MUNITIONS

Frogrars Dspors on Worli Perfornzd in the Period July 1 to

September 30, 1647, under Gontract W-18-035-CA3-1318

In the 3-mortihk period coverad by this progress roport, wark was
confined largely to those fillings ooumprising granulated white phesphorus
and various birders thst had oppearsd both to be thermally stable and to
perforrn satiefactorily in gronadse firing tests. A study of wethods for
the preparation of ©fillings containing red phosphorus was begun.

Because of ‘e uncertainty involved in the praodiction of per--
formnze of a given filling in a laryer munition from ths performance of
the fi ling in e85 grenoudes, a few 4.2-inch CH slells were filled with TVA
experizental £illings and subjeoted io porformance tests st Army Chemical
Csnter. Although therne tests were osrricd out somewhat leter then ths perlod
uominally covered by ‘chis report, the results are portimsnt to the present
work, eand they are included in this repart.

GRANULATION OF HITA PHOSPHOHIUS

As tho sosle of oporation was enlargad and the med for granulated
paosphcrus inoreasod, the jot granulatar wentiomdd in previous progress
reports wus modified to imorease its capacity. The present form of tle
apraratus is shown in Figwe 1.

In operation i the granulator, the rocoiver is :..rly fillsd with
ice wator, aid the grmaulating tube is connsotsd thereto., Into the granu-
lating tube is p.ured 200 os. of a saturated solution of white phosphorus
in 95 po1 cent aloohol, then wnough loo viater to raise the liquid ievel to
the poiut at which the side-arm overflow is attechsd. The ice bath ia
Placed around the recuier. The Jjacket i3 put in plave ard filled with hot
watoer, and hot weter is pourod luto tiae grarulating tube te the level of the
overflcw, Ths pnosphorus reservoir is tien inserted into the granulsting
tube c«t an elsvation that places the tip of the jat juat below the curface
of the water., Molten plicsphorus, uader water, is poured from a dipper
thiougl, & fuunel imto the phosphorus rescrvoir. The phosphorus flows from
the ;¢ as a rap!d stream, whioh promptly breeks into ssparate spheruiss
thal fal) through the column of water and solidify im the lower part of the
granulating tube. W#hen the roocoiver is 1'11lad with granulated phospharuwo,
addition of photphorus is discontinued, the hot water jacket i¢ draimsd and

- ', and the granulating tube ig amptied through the lawer drain. The
" {c then euwpt.cd, and the procesn is repsated.
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The molien phesphorus is added at a Gemperuturs of 70° to 75° C.
The water addsd ‘o tic jaclei is betweon 50° ard £5° €. Whon the temperuture
of tin water ic the top of the granulating tuve falla to about 5G° €., tho
phospharus floving through the jot forms strirgs inastsad of spherules, and
tho phesphorus zey sclidity in the jot.

The ‘st is held in & rubler stopper in the bottom of the phosphorua .
regervoir. Three jots muy bo ured simmltanscusly in an apparatus of the sige
ghowr 1n FPigure 3. Each jol, under o hsad of molten phesphorus and viater
that variea frcm 5 ¢o 10 cn., passus roughly 1C0 grams of phisphorus per
mixuts., Simoe the granulated phospheras occuples aa apparent volume of
apprexirately 1 cu. por gram, & 2700-04, recsiver can be filled in about 10
adautcs wen thros jeta ars ugeod.

_ The jeta ure mado from §~mm, glase tubing that is constricted to .
capillary 3iuo and cut off squarely at tis cowgtriction. Jets with orifices

largsr thon 2.0 mn. in diarster pass phrocphorus too rapidly for the formmtionm

of coparats dreps, aud jots with orifises smailer than 0.8 um. in diameter

plug easily and pass phosphorus too sluorly to be of practical use,’

Tho sire of the spherules is proportional roughly to the size of
the orifice of the Jjst. Because ¢l tho latermittont Jesd of molten phos~
phoirus to the phosphorus reservoir, and becavse of variation in the tempera-
ture of the mo.ten phospharus and of tie water in ths top ~f ths granulating
tubo, the partiocle size of the granules formpd by & given 8iz9 of jet is
quite 7ariatls in the present apparatus. Approximute screen amalyses of
granules formed Ly Lhree cizes of jpts ars lis“ed in Tablo I, 71he minus 8-
193 frection (laet colusm in tabdle) coniaims about 17 per sent, by weight,
of mieriul that will pass a 16-mesh screen.

Tho granulntion could be mede continuous by adiition to the
receiver of @ tube through which the granulatod phosphorus oould be rumoved.
The tube would have to oxtend atove tho lsvel of the overflow, amd pro-
rision would have to te made for msintaining the water in the tube at the
level of tho (wvorflmar. The granulated phosphorus could be 1lifted to a
conteiaer fillod with wator to the sams levsl as that of tiw overflow,

Firi.ag teats of fillinzs tassd vpon granulated white phosphorus
incicatud thet purformance was related roughly tc the phosphorus sontent
of tio lillin;. To pot tho maximmuam esouat of granulatod phosphurus inte

'~ spaoe, grenules of various sizes must be mized. A mixtwe cf 30
v wilph, of srunulntod phoaphorus of tho &typo prepirsd in tho pilot
.« e Army Chomlioal Center with 70 parts of pius 4-mesh granulated




phcLperas of the typ. prejpured by the ¥Bi soshod formed a minimumevoid
pixiure sith I8 -ur coack vold space., e void uoacs in various nixtures
of whe three gizd {ruenions of rragalos tint wers sceparatad from the
products of et crazelation are snuwa in Figure 2. Tha oswer-all experi- -
ersal errer iz thy pravarction o8 o gliven mixoice and mwasuremsat of the
lateratitial cpacn la thro rdnture goersrally did uot oxceed 2 por cent.

oAl

Tabie 1
SEL

Scroon Analyvs2s of Greruluted Phosphorus

fropaiels with Jats of Yariovs Mamoters

Teifice Scroon Lnalysia, weizht por cent
dia,, mr, +4 mpsh =4 +8 wosh =8 1vsh
2.0 40 50 10

29 57 14
1.4 2 86 33
8 76 16
C.9 5 58 a7
3 52 46

Iho :rauulotod. phosphoirus produced iu the present pilet plant
&% civ Arrvy Cisaical Geutor is somwhats &.{ficult to handls becauve of
its proacconned tordoncy Lo float on water., Om the other mami, the plus -
4-reghl 'ractior of jet-granulated phosphcirus lmpurts nn undusiradble
lumpiross to fillings in whicih it is inccrporated. A mixtwe of jot~
grenuls sad pheaphoerua comprising GO psr crnt by weight of minus 4~ plus
8~-megh yraoulcs sid 40 vor cer: ol minus J-wosh girauules has been adopted
tortatively a< a :iiidard mixture for we in oxporimental fillinzs. Sinee
this rixtuird ccrdudns adout 37 per cent voids, as shown in Pigare 2, it
supyplie s 07 pur cont as mioch phoaphorus {n a givon voluawe as would be
supplied 1y & rixture comtalniag 38 per cont voids, the apyeront practicel
mintman o void opace iu granulated phosphorus,

: ‘‘theysh mixturos of granulatod vheeheruws thad contedn 57
A 7. oLvioualy supply only 6% ror cent of he amount of phosphorus
. % surpliod by tho sam volure of rmssive whits ohoaphorus, the
vivia L. «ne (ranulated phosphorus arffec:s Lthe Lwning to tho oxtent that
to grunulated phegphorus of tea proluces 4 ncrv effectivo sareeulng smoio
¢han dcos an ¢ usl volume ~f maseivo whitv pnrosphorus,
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COMPOSITION OF MIXTURLS
IN WEIGHT PER CENT
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FIGURE 2

PER CENT VOIDS IN MIXTURES OF THREE PARTICLE SIZES

OF JET - GRANULATED WHITE PHOSPHORUS

.




BINDoRS FCR GRANUIATED WHITE PHOSPHORUS

The proccdure for preparstion of fillings [rom granulated phos- -
nhorus and charging the fillings into N15 grenides has tesn standardized in
a8 follows: : LS

The granulated phosphorus 1is weighed and tranaferred, under wator, . ‘
to a Sl-ma. zless tubo with & perforated stainless stesl diso in its lower .
end. The phosghorus is dewatered by blowing carbon diaxide through the tube
from the top. If rumoval of substantially ali the water ie desirad because
of the rinder to be used, the dewatered phosphorus is waghed two or threas
times with aloohol or acetone, and carbon dioxide is blown through the tube :
between wa~hings. _

The binder, ir a fluid state, is weighed into & 600-co. beaker,
The dewatered phosphorns is dumped into the beaker, and the mixture is
stirred with a spatula and transforred tc the pgrenade in an atmosphere of
carbon dioxide, A sliort-stemumed powder funnel faocilitates the introduction
of the filling into the grensde. The filllng ie rodded through the funnsl
with a stirring rod.

Furetone

Furetonoa are furans-type resins produoced by the irvington
Varnish send Insulator Compauy of Irvington, New Jersey. Thelir resins
55610 and 651045 are thermosetting and may ba set at room temperature with
their acceleravor 5243. Ffreliminary tosts, in which the resins were cured
at room temperature in air, showed the Furetons 6510 with 10 per ocent
accelorator se%: to a rubbery solid in 24 hours and to & hard solid in 48
hours. Furetons 6610Ab with 8 per oenti acoelerator set to & rubbery msolid S
in 3 days at 40° C., and to a spangy, rubbery solid in about 7 days at '
room temperature. JSuretons 56)0A5 initially appuared to be suitabls for
. use as = tinder for phosphorus fillings; when used for thia purpose,
however, it set only to a semifluid rubbery material with a cohesion = .
surkedly pgreater than its adhesion, Furetons 17 was too viscous for
use as a dander for granulated white phosphorus.

Thiokol lP-2

At *he sugrestion of tie Thiokol Corporation, the sctting of thelr
/ ay®r Thiokel LP-2 with furfurri end formioc acid was modifiod by

o «don of “chain-stoppers,” such as merceptosthansi. In the preeence
ol chain-stoppers, the polymer sets to a somewhat tuoky, rubbery mass that




is noticeadbly less 1igid than tho sclid to which tne polywr s ts in the
ebaenca of chaine-stosppers. Thickol LP-2, with incorporetions of mercap-
toechalol, nas beon uged es & binder for phosphorus fillings, but the
f21linzs have noc been subjected teo flring tests-

Hinder3 Cortainins lams Retardente

Fillings ‘n which tho birdsr wag Duralon or Thiokol LP-2 were
nodified by tho iuc »poratisn of 15 par cent of amwonium ozalate iatc tho
binder, ths objecii-c being to ratard the rate of rombustion. The ammonium
oxalato had little c¢£fect oa the performarce of thz fiilings,.

P LLINGS CORTAINING RED PHOSPHORUS

In August 1944, TVA rilled forvy 4.2-inci CM shells with a
mixtwro of approximtely SO per cest red <ud 50 por cent wnite phosplorus
z2nd revurmed thom i Edgowood Arsenal fur firing taste. A Report of Test,
datod at Edzewood Arcenal oa Cotober &, 1944, iadicates thet the shelle
rorformed satiasfaoturily and cosparec fuvarably with PWP-filled shells.

Work at Ec gewood Arseral om the preparation of red phosphorus
fillings for munitaicne is reported in {DMR No. 793, Januery 6, 1944. Some
York was doae on She oonversion of vhite to red phogphorvs in giass tubes
at temperatures b»elow the boilirg peint of whitd phosphoraa (280° C.),
but the regults were som~hat erratic anl éid not anpsar promising. The
Argeral also couvariied whito phcsphcrus to red phosphorus in goaled smslls.
Althcugh tho operat:-on is screwhat hazardcus, no diffioulties in the pre-

paration we roparied, Ths shelle wre vald to have performed very well
in firing tosts.

The expariencs of the Arsemal with fillings corteining red phos=
paorus and “he exparience of TVA ip the corversion of white phosphoria to
red rhxphorus sppuesed to warrent further exploration of red phosphcrus as
& corponent of phespherus £i)lings fo: munitions.

-

Fermatiop of Rod Phosphorus el /itmcspraric Pressure

TV4 resoaich op tre ccuversion ¢f liguid whits phoaphors to red
pav i « 2as showi. that as tho prcportion of red phoeplorus increaces the
nixtuwo remalns flu'd at the meiting point of whita pliosphorus until the
red paocphorus concvatutes tetwwosa 35 and 60 per oent of the mixture,




4 gome: oritionl composition, wrhioch variee for reasons waknown, the mixture
sclidi “iea a6 <80° ¢, and carnot be melted at temporatures below the melting
point of red phosphorus, 590° G. &%t 43 atmospherea.

A 6=nour heat of liquid white phosphorus at Z80° C., coavarts en
averags oF ‘\bout 40 par oeut of the puosphorus to the red form, In a con~
tinuqur operatiom desigred o produce fluld mixbures of red and white phos~
prorws {for charging invo munitions, tois tize of ruaction is not nscessarily
oxcess:.vo, Any mixturs of red and white phosphorus fluid enough to bo
caarged jato a munition probably would be unstadla physically in asgert
storaga, Such fluid nixtures might be used to advamtage, however, in a
wmathod imvrolving furthso: ounversion to red phesphoirus in <he munition.

Iodine ard sulfur catalyze ths coaversicon of liquid white phos-
phorus to solid red phosphorus, laboratory oxporinents, in glass, showed
that vi.ite phosphorus containing 2 per oceant sulfwr, on boiling for 4.5,
5.8, s1d 6.5 hours, was convertoed to mixtures contaiming 57, 59, end 58
por eceut, rosppotively, of red phosphorus. All tiree preparations ramained
solid, without soparation of whive phosphorus, in boiling water. 3evoral
M1S grenmades were charged with white phosphorus containing Z por cent
sulfur and hea ed under reflux ccndemsers at 280° C. for 1, 2, 3, 4, and
G hours, Ths zromades that kad been hwated for 6 hours contairned a ;
tht:rma‘.ly stabls £i214ngz; all tie other {illings bohaved as fluids at
55° (. i

Formation cf Rid Prospliorus in Sealsd GCronadesg

Urenudes wore charged with about 870 grams of whitoe phosphorus
contaiiing 2 por cent sulfur. The burater-well threads woro dopad with !
Aquadaj;, nn agioous suspension of collioilel grephits, anl the well was |
serowsd into piace, The clesure was quite effective; omnly a few grenades i
lealwd in subscquert opvrations. A 36-inch length of 1/4-inch ptpo wus \
attuocked to the top of thw tusster wall as a reuns of supnort for the ;
zrenade, A tirrmocouplc was passed througn the pipe to tius bottom of the :
burster wll, Trho groaides were heabed singly im a vertiocal tube furumce
bohind & barricade. Proviaica was mada for reising or lwaring the gronade
througt the frnace tube by ~emote oon»rol.

I'te jpincdos were neated at tho rate of 3° to 5 C. per minute.

LA tempsratwe registered by tie thermocouplo in the twrster welil
“Yout 80° C., the exothermis cc.warsion Yoaction took control and

- ivs temoovavwe to aloug 660° G, in from 2 %o 6 minutes. Ia sub-
ao,u.u rung, © ducket of watexr was placed under thoa furmice, end when the
tarmrrs f1g'e in ‘he jrerade begun to rise sbruptly, the gromde was lowernd




inso ¢1e weter. The ausnchin: reducsd the meximum tempsrature to altout

3407 v, 1In cme run, trz grerads jammed in its downward passage from the

furracy tabe erd was Lifted bove the furrace. Ths tempsrature rose to ‘
562% ., tnd tho grenz.ds ex;loded. The bedy of the grensde separated

from "o top at ths silver~soldered joint.

Tie gropacdes in iiich tho red phesphorus conversion was effected
under aresuure wore bulgsd ai the hottomn., Fronm mcsurereuta of the de-
flection of th3 bettons o) thres gremades that had not besn quenched during
tue couversion, it vas opleulated, from fermulae dovaloped for cylindricel
7egsols with flat ende, that thw reximum presswre in the gremdes was cf the
order of 300 tc 500 puwds ner square inch. The vapar pressure of white
phospihorus, ag showa in Figare 3, is btetwoen 500 and 600 pounds per square
ineh &% the mexiium bemporature of about 550° €, recorded during the cou-
vorslioa. :

The asvailable the-mal dati on rod axd white phogphorus are
inadeqets for closc &ppreximation of the nAximum tomperetiuwre that would
bo reashel in the comversien of a large crount ¢f white phosphorus to red

vhosphorus in a silocod contalmer, The heat of ths exothermic oomversion .
. ig abost 16,0CC ualories per mols of Py. Hhep the gremades were quenched

during the comvirsion, the whximum temparature was about £540° C. When the
eronadag wore not qusnched dut remained in the furmnce, whioh prosumably
had a1 effectivs temporature of about 500° €., ths maximun temperature

was abwut 560° .. Hence, it ray bo assumed that if no heat wers lost Irom
the gronede duriag ‘% conversion, the maximum terpsrature probably wculd
1ot e:ye0l 560° C, This temperature, and the corresponding vapor pressuro
of whize shosph(rus, 6C0 powds per squsire inch, are the probable linits
o wh.sh a closed containor would Ls subjected iIn Lhe conversion of white
to red phoaphoras,

Sirce red phosphormg malis et 590° C, under a prossure of 43
atmogy 10ords (630 pounis per square inch), the hest of fusion of the red
phospamus, estirated to bs about 15,000 caloriss per moie of Py, would
abscrh all the loat of tramsiormition of white to red phosphorus, thus
gettiyy 530° C. as the apparent ma:imum %empereture that possidly could
be olbrsainud 4n the converaion of white to red phosphorus ‘n a olnsed vessol
initinliy horted to sny temperaturc below £90° C.

To test the effect of variocus amounts of sulfur in the catnlysin
shosphorua conversion, grentdes werc illad with 770 grams of waito
¢ gomtaiping C, 1, é¢nd 2 por runt sulfw. In gronndes comtelning

, var, the rapid conversion bo;an at 320° to 350° C,, and the maximum
Lmperatic-e roeachad in the qusnchod gronudes wug 563° €, ilith 1 per cemt
snlfue in tho phosphorus, tac rapid convurcion bagan at :80° $o 290° C.
whan 1o ;rerads wap placed wn a cold furmce and heated, and at tempera-
turos mteoer 200° and 280° €, waun tir [rencde vias placcd in a werm
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{about 156° to 200° €, fwrnice and hreated; the reximwi. temporatire in the
quensnad grenndes varicd from £94° Go 544° C. With 2 por camt sulfur, the
rapid aonversica stiried at temparitures detween 70° cug 28C° ¢., emd the
mximm tenpe reture ia tho guondied grerades varied between 530° awd

550° €. Omrocion poerslly was smoothest with 1 per cent suliuwr, and this
amourt of coialyst is rooommuidad for the conworsion., Tie sulfur is added
corvariently “u tho rorm of the liquic phosphorus-sulfw outectic comtaining
30 per cont phosgherus and 20 per cani sulfur,

Ore rrepade im which red phosphorus -.vas'prepar::d iron vhite phos-
phorie cortalining nc sulfur and co3 in which the chorge comuained 1
por coubk gulfur were out oien. IJoth products wera brick-red, missivoe
solids thut marly £'i1led tho pgrerades, The produst of the catalyzed con=
vorslor contained sorr very small occluded drops of what appesred to be the
liguid phosphivus~suliw eutectic. Portions of each of iL: products were
crusred, with coasiderabls difficulty, in a porcelaein mortar under water
and w1l be amiyzed to dotermize the proportions of red ard white phos«
phorts . .

L4

In thrae of tiac conversion experimsnts, quenching of the grenade
halted the rapld couversion thet epparontly had bien stac-ted. Subsequent
heatiig of eash of 4hz three gronades resulted in normal repid comversion
with ‘he attalament of norral maximum temperatures. In the abseuce of
cooliyg coils withia the phesphorus mass, oontrol of the sxtant of con-
vorsion by qusnchinz therelore appeara to bs practically iupossible. The
red pliosphorus prepnred by this method ignicee readily and burns freely
when ihe munition is burst by aa sxploder, however, and trere iz no
apparent reason for ettompting to control the awount of conversion.

Because of the uncertainty that the conversior aotually hes .
startod when a temperature of say, 290° C,, is reached, tha in-plsce
mothol of forming red phesphorus in fillings for munitions would involve
cortuin difficultiss in large-scale production. If the munition could
wicth serteinty withstand an intoraal preessuro of GO0 pourds per square
incr. at 600° C., il wculd he filled with vhite phosphorvs and carried on
& ocuveyser belt through en oven rr.intained at sons tempcrature, say
$20% ©,, i1t which the rapid conversicn is curtair to bo initiated.
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It ig reportod in IDMR No. 733 that the rapid cornversion wus
inisirced 1 4.<-inch ¥ shells thet ware allowed to remain in ovens
heaped %0 tempiraturse lotweea 224° and 265° . wtil conversion wes
coppluts, but tre lengih of vime required at awy of these tempuratwres
i cot ctated. The prepara=ion of a fluid mixbtura of roughly 40 p-r cent
rod prd 60 por cent white phesphorus might be feasible in equipment
similar to that in t.e TVA pilot piant for oconversion of liquid white phos~
phosus 4o red phosprorus. Sholls #illod witn such a mizture might be
coaled and heatzd to cozplove the conversion., The use of such mixtures
prebadbly would reduce meterielly the tsomporature and attenden pressure
geworated 1n thy rapid sonversion,

THEAMAL STABILITY 145TS

. Filis3d MLS grepados wore testod for thermal stability by
neiateicing thzm at 35° €, sor 8 hows, wiiile lylng on their side.s, and
subsaquently cooling thom in the sems pocition. The untalarce caused by
the shil’t in t19 position of the filling vwes mparurod on grevadee con~
teining certala plaster-of-ceris, Duralon, and red phosphorus fillings
to yirld the rasults listed in Table II.

Tho piastec-of-paris f1illings appsar to te consistently stable,
rogardioas of the amovnt of water used in ihe prepiration of the plaster.
Gre:sdass comtaiiing ved phosphorus, formed in placs by converesion of
white phosphorus, apparsntly are uneffectod by oxpcsure to tay temperatures
ot whish wwpitions might be stored. The mriced tharual iuytablility of the
Duralon £illings in lke presont seriss my perhaps bte attributed <o
irsif'iolent a3ing of the fillings bofore the tests were made, or to the
use c¢:' an insuv’ficient amount of binder, although it was thought that
enough bimder was alwcys usod to eusvre a smell amount of liquid resin
standing on top of the miss of phosphorus granules when tas {illing was
placec in tho _ronmace.



TABLE IX

Thermal Stabilit; Tests of Thosphorus Fillings in 1415 Grenades

No.

\Gro:adas heated 3 hours at 65° C.)

Filling

Age,

Plestor of paris with 185 grams of stirrer-granulsted phosphorus

13

Wt., g. Shift of ceutwr of
Pill- Gre- dt. to ravity, mm.
dasys _3ng opads lelanco, p. Gronsde  Fillin

csa
c3c !

C4A |
cac !

Col

Tlartar 10D; water soj

Plaster 100; wetsr 80,

Flagter 100; watsar 100

o [ 23 -2}

4]

337
359

349
351

310

684
721

691
694

%60

Rad phoephorus conwerted in cealed grenades

R1B Mot quonched 1 282 630
R2R QJuerched 1 374 N7
Rad sliosphorus convaorted at atmospheric pressure
RSP Heated 1 hour 1 381 751
R3U Leatod 2 hours 4 374 114
R3C Eeated 3 lours 4 383 172
R3E leated 4 .ours 1 375 746
R3+. Heated 6 .iours 5 374 161
Duralon
EX éstirror-grun and ; 4 318 €64
B3N {4 mcah #P H 14 317 G64
E4B Stirrsr-gran. P 4 268 002
E4C Utirrer-gran. /P 14 27 5388
“-ndgh 47 5 236 634
A-ppah A2 1¢ 299 644
kore -4 +8-mwsh nP 4 281 623
EGD -4 +Y.ms3 T 14 287 635

S
7

7
3

10

57
5¢
26
31
nil

37

30

26
38

47
62




"

-

P ns;.hox'us ."1;.;1";):, pavs \‘nat‘““- off tho
1}

sy o devlse ooochauderd, cbjcctive methed of test
verforresce of sush fillings .
o dunbiv ::-:‘c-cwlvw'@_. the mige of which depouds
Lasgriy upon i:'x.c gy erlencs ~,u" tm ovserva=, Aince thie ieats are ouvtdoors,
e o.pmrsub cilotlance iy aifeceted nerkedly by ihe oreveilipng atrdspheric

cond tions.,

Yhe p apore oF fipa prosost cxparinental work ir o develop phosphorus
Plidlengs taat wiil (srcorn caticfiehorily nmueniticns cues as ihe 4.2-inch
G5t 1] wELoE bad a oo, sclby $F about 8 pounds of rassive whito phesphorus.
Thiy A.uml,lo'l Tiosu opoave Pt prod aee, in wands moving as L0 or morse miles por

‘hotr, an cpaqus gem 97 wbows 20 furt hign and 100 yards long tiaat persists for

al luiet 6L, sC c-.zxdd. Ya cgoserve ting end makerind, hovevor, the M1S grenede
s vsen selocied w3t tost muniilon,

The repaje oas & capeeriity of G.9 pound of mescive white phcaphorus.

) . > thad ‘0

Galisiactory ;-e::.-fomm 1 ol &8 pi.0 spherus £illing ia the ponade hus beorn defined

tortatively ai ihe r.y Chenlcal Center as the yiecld of &n speque scresu about
15 Mt high e ).«.. yarcds Jong that pers iscs for 20 secoumts. In firiug tosts
of var punibion, tie obscrwor S stuticrnd about 200 yards frem tne burst of
the i.2=iuen s il op 50 %S¢ 30 yuris (rom she buret of the zrerede; the line
betnicm k2 olacrves A the bursb proforasly ie norral to the dirsction of

Ltns ovind.,

Sredictior 37 the poriorasnco of a given phosshorus filling in a
) on wno becis of tho poeformmnce of 4 semm filling in a grenade ic
o licated B ceveiul favtors, A nmuch lscgor propertion of the filling is
¢o131 @ in the zur.d ol tho gropade thes i consuwed ln %he dburss of the
gL}, horce - sooera porornbid by the 3tattered fyspmnts Crow the shall
ig m:lativoly mare uon0 anl a:rts tengor hao the seres from the grensds.
Farvopmoro, fvme.ts Sron o srenale may svaduce atreewers of omche that do

no! ‘orn an ohsrariag sereen, vt Lo nfven appaars that « propcrtiomtely largor

nuwer of simiy fragowonts fres a chell inight produce a rary getisfuctory

sareac. fac! 5 operior buzs in winls me7iag at wolositien of 10 or more miles
ey our, Wherv the tiwteney of hac smoke zensréted by tiw burning passphorus
Lo rfuie ouk i cpnte. nko Shu o nir s ovesosalanced by the wilrd vrich nolds it

dovs @ tho presad, b lewor wend volecicles, the serearn sy be Lroken by

e sueba pdelng; oft vhee sroend,




Cronedss, ©n Ukl ovher kaeh, verfora t3st in winde meving ut
veis:ities Detweon [ xnd < stlen per hour; at lowsr velacities ive vaeriable
ofrs:t of the prevailing etmodpheric conditioes on thz cete of riss end
dicsipation of the ewilem nales 330ficult a determivstion of tho ability of

the scatitered iragmonias o) the Tilling to mainteily & screeuiag saroke. At

wind velecities greatur tran 4 wmiles psr heour, the smoks preduced in the

burst of gremades tends tu¢ move downwind in a beldy, end ths smoke generated

by ti¢ burring fragedats is lnsufdiziont to produse o coatinuous screen tetween
the initial cloud aud the site of the bursi.

An emination of photegrapins of smoles produced by exporimental
- filllugs in greaasdes showe that the fressents seuticered ‘n the Lurst of this
mnition burn fast eucugh o eustain sa obscurdng soreen in winis moving not
factor than 3 »iles per hewr. n faoct, & wird velocity of & miles psr howr
ls iooked upoa as s maximm. The uverage sustairing wvelcecity of the smokes
reted a8 good in the presont report was 1.4 miles per hour.

To %ako edveata,s of somowhat umft"zz weather corditions, the firing
tests were made totueen 5:30 ard 7:30 A. M. No correlatisr wes eppuront
betwron the ground-nir terpaeratwe gradicunt and perrormance of the fillings.
Gocd screens wors o tainee when che air was 2° F, warmor Skan the ground as
well ae +rhen Lho prousd wig 8% 7, warmsr than the air. The tests were
disconttived wnon t'w average wind voloclty increased Lo atout 4 milos per
hour. As the wiad ::lcked up, however, it ocams in rusts, amd a fow grenades
vero tired in vindg as fart a5 7 miles per hour.

The porfermanuce of tho experimental fillings in the prosent report
vaz ascumdd to be gord whon the burst produced an ohsouring serecn at least 10
yards wids that persisted for et least 20 ssconds. Fillings thot gave screen~
ing smekce thac persisted for 11 to 15 saconds were rated es fair, and thove

that zave scrociiag smoke: that porsistcd loss then 11 sooonds were rated us
poor.

It was imoraotisal to get up a target dowuwind from the bursts,
becsuse in roelaziveiy ctill air the acreen might rever cover the target, and
in {235t winds the corcuriig sersen would drift past the target mch faster
thar %he scresn wag dissijuted, Thus, iu still sir the sereen ahscured &
tergo;: directly behird tho burzt, in winds fu.ster than 4 m'les por hour the
screon was agsumd tc obgune ¢ moving terget, eud oaly in winde botwoen 2
enc 4 miles psr hous soulid an evaluation be made on a bagis comuuratle to that
uscé In the evaluaticn of gorecns from 4.2-ineh Ui shells, Only about 50

t of these grenaded ratcl as good wero firsd in winds having velocities
ctimnar raags., ‘ ]
il

i
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calutoa hitz Fhogphorus

Wkt can o produced v o~ Jhosviorug f1iling

-

"1 ovasvoeh
obr.susly o direc .lv zro; vuns 50 vhe amowat A ocosbusiivic phosihorus
wniiatly presant in the Sillipg.  The asount of userul smehe ilg a function alse
of 142 §1z0 ard ra%tg 0 baruing of tle fregmonts of the [illinyg Chat are
seubered in Lhe burs=, a3 tasse charesteristics, inm buen, ave 17fected by the
per.io's size o the gravaluted phosvherus ol which the filling ia coumposed,

te g

Figure 2 shawe thaet wav.ous nixturss of diffsrens siccy of grunules
of vhosphorur may M2 used to ottalu a given peccontage of reids, so thai the
sams Acight of phosphurus ney w charged into s siven srace with eithor of
sov.oral §osgible mixturec., Sewverwl [i1lliags cownosed of nixturass of wverious
provorcions of difiapant zirzas of rhospoorus gracules were prepured with plaaster
2 waris and with Curslon Lo test the offeet of particle size ¢f the grasulated
phosnnart: or bho porformenas of the f£illings. The resrits, which aere listad
in Vabte III, indicate wint thy iner particle gizes give Yetter performunce
tha the comrser sises; the geod porformance of the relistlvuly small) weight of

tho vory fioc stlrropr-granilatod phosphorvs when used alonmo is particularly
notuvorthy.

TABLE XXi
Reddd

Lrfest of Pervicle Sire or Granuleted dnite lhosvhorus on

—— s s 9 e o i

Ivr.'ormance of Lxparimentet Fillingu

Sv ousa auklysis o Pnr ceat of grenades

gothe wF, WL 0 of Ihospheous No. of wredusing serooas of

i icnted resh wize oharged, prenades indicated acraistence
TEUTIGE Sen SR0AnT _tortoc_ 313 sec. I3TIT g3e. 0-10 sac.

Plo.ter-of-puris fillingz

0 8¢ 40 0’ 268 20 100 o] 0
v C [V {¢]v) 1dd 4 50 26 2b
J 15 86 0 ) 166 & 50 20 25
70 0 G 30 66 4 8 25, 50
Do [V 4C C 206 4 »3 0 %
1o Iy 0 0 RAVEY 4 28 (v} 75 -
Ju=-joa fi1llinge
. o 30 N6 " 160 o] 4]
v ¢ 100 i 4 &n 25 25
B S0 40 9 “u - “° Ho gl Lo
0120 ¢ 0 AN 4 V] 1t 25
129 ¢ Q N O3 4 <) &) 20

Jocesranulaied,
Lirreoperranulaved -t oavigr Soomioal Conter.
Tostod at Army Clwialoal loatur.
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wffect ¢f dindar

Fiilings wers propurcd by inccrporiticn oi' scleated mixturay of
varicus particle sizes I pranuleted phosghorua 1.to differsat vinders.
Tetrlo iV shows the reculis of firing tacts of ther2 fillings. fhe Duralon
T3llinze eppearcd Lo plse whe Yugb perfoicanca in tests at W/ilso>n Pam, and
tre plaster-of-paris £iilings wero rathe: disappeinting in visw of thelr
very promising werformanss in pruvicus fests.  idn aults limited and
incenclus?ve firing tests of some of theae experimsatal fillipcgs at the
Arry Cremical Center ca Octetor 13, 1547, a date chertly af4:r the pariod
curarod in detail by ine preseut report, plester of pariz, phenulio casting
res’zs, and Taiokol IP-2 appear:d to form fillings vith sernulated phosphorus -
that performel woll in grensdes, wuerzar the perfirrance of Juralon fillings
vwas rclatively poor. )

Grerades £511ed with essive vwhite pavschorue wore wacd as controls
in the firing tasti, CJ theso grenades, &0 per cent were jood ead 40 por
cont wove fair, :

Flosticizod “hite Fhospborus (MP): Ono of Gho rost ilaturbing
phoromena encounterad in the evaluation of oxparironts]l phosphorus fililngs
in grenados is the ccusistertly poor performance of FAP in firing tests &t
Wilson Dam. The materisl porforms well ip shells, and is reparicd to porform
satisfactorily in . cervades in tocts a4 the Aray Chemical Contor.

IS

A sample of PP, rucelved from thé Army chemical Conter end allowed
to rtand for two minths unier water in the origicu) cortajne=, had & specific
gravity of 1,382. Assurning tha¢ the specifio gravity of the xyivne-rubber
pe) wee 0.88, and that tho FuF 'wag free of cceluded srntici or gas, the FIP
thep contained 68 yer nont phorphorus by weight. Four prenades wers rilled
with 281 grams aach of the RiF, four vere filled with a mixture of 227 grems
of the PP anl 89 precs of plus 4-mesh granulated rhospihorus, and four were
fillod with a rixture of 105 grams of tho PWP apd 131 grama of 5lug 4-nesh
gharulated pnosphorue. The total weight of phoaphorus por grenade in the
threc series wms ther 191, 242, and 267 ;rars, rospestively.

In firdn, tests of thoe prensdse oontaining the Pur, all four
rrcrndos conladnin: WP aleps were rabod ag poor; thrue of the four prencdee
cortulning ths crelileyr amonrt of conrse grazuiavod phurphorus ware reatod as
fair, and onv was retcd as poor; und all four jrorades contuinlag tre lar ger
srount of osourse prunuloted phosplorus vore raved as teir. Although uddition

*» e cranvlatod yhospiorus to Pl prebebly ic not e practical wuthod of
. ‘°n & phoathorwe fiiling, the results of the [irirg twasts indioate, at
- , that t perfurmones of such fil:icgs ig irproved ar the Hhosprhorus
content of tho filliirg 10 wnerceased,




LT

13
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Effoct of Linirz on Jarlorrance of faperireaici iltings
Eis2t upoar Granuletec «miie Fhosphorus
¢ de. of Fer cent of grorades producing
srenndes soaceae of fndlestod psrsistence
pinier seghed S gac.  X1i-i3 sce. (O=i0 500.

185 -, by 100D LB Lo aea stirmor Ta. m'f\t'i

v ot e g e e s

Dure Lom 4 R 23 25
Ples:.op lCJ, Vater 1) < 33 23 23
Piasior 100, veier ¢ < 23 20 25,
Plesior 200, veor 30 /s 0 1C4 Q
260 ... 4iP; 70,‘-':_.-.4.'- rusoe jot- ;.~unu1a‘..ad,‘_§f:;é =30 +382 mesh wiivrer- cranulated.
Durilcn ¥ 100 0 0
Thiniel Lr-2 & 50 50 (0]
Urea-furfural® 4 50 26 26
Fure:ore 13 40 50 - 1C
Plagtor 100, water iCO i 25 25 50
Uroa~-forraldek, ~’e“ ‘ 4 25 25 50

Eeka. phenolic res

in 6 20 0 6C
Duraz phuaol.‘.c Test

\r. 4 Y €9 50

268 -, al; GU. ~4 +¢ waah and 4U4 -8 nwmsh jet-u;ranulatedj.

Plas:er 100, witer 1Cu % 120 0 (v}
Phon>slio castia,; rucin 2 1o 0 0
Thio'to) P-2 1 1co .G 0
DursZon H vl C 50
s Latoratory sroparation.

b Teubted et srvre Chomdral Toutes,

Plagy - aris uh.m, s Astrough fillirgs ina wilca pramilec of
phosrhurug Gr: coreaicd Wt oh paas Tfor of rorde nnve periormed 8o mwhat
Uly fn flel;, tosty at .11 on Dam, these fillings are 513 only

. smpsl TUA f‘*.“‘ Opo prepececd with cranulated phacrhorus tiat eppear to
' tally ctabl-. I tiring tests al the aemy C "!':".ct). Cantir, two prorncdes

tnd Luo 4.2=30eh 0 rlalle contadrong thie tvpo of £1iliag oil parformed
sutis®uevorid;. . or o 1 se f4dn 0 b hedng cont ’ﬂ"cd
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Ciilisg clso poitamkd gualie well. Laltheuph the polyvinyl alcohol

ey cently Intidnive compwbed L oorthing of the viavicer of par the sirgle
carg 02 of “hic 1iliin: thel ras “aen csated for aerca’ stnbilisy appoercd

to Tooer ouable agoans of Lo penn 7R3 Sie Goreofmaarls Siiliugs,

wator for
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i s Larelon enstive recin as
: : SRR forasd w1l “u ri~ing teosts
Yantled ol ewsigtenrly (eol ocrrorasarce Lo either grenadec
Al the ¢al fontor.  Ine theran) instadilily
exhl pited oy trost SLIliacs kul sicce tacl showa to be elfributatle. at
€PN AN pord, o {iciran tmoudy of bvimder. rdditional fillings
corinining Jurgdr prejsertions of Duoralon will bo poepesred ard tasted Tor
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7%
riey ok gtebilisy g for perlerconco in fising tesis.
Thicizol-LpP-7 Fii‘-':_.{:r: Ypiglol Li'=2, cured with 20 por cent of

fur.srul und 4 per ewrv O forcio ceid, is the only rublery binler for
aradatated pronphorus thas hag heen teccec extensively at VA, Filliugs
contiinigg this binder w9 ¢ mora uiable therially thsn the latest tatchos
of “urmkloa fillingsy, ™t tiey -.ere msrkodly less stablo thap placter-of-
per .y fillinge.  Thiokol Jillicgs have perforred “wirlv well in liring
¢oi3 2t Wilson Dawm aud a: tho Arryr Chemical Center.

R

Turstono riilln slthoupch Nuretore SH10AL vas gat it 7 duya
At 093 Eperature o B cublecy solfd, rither Ble lact of oxyp3n or the

oro ance of phegrhoras im the filiins ia which “hi: resin was e binder
ap.renhly inhubdbited “he se4 of L vesia so that only o wask, troky binder
way cradued,  The £ullinon veoo markedly uroctable therpnally, and signifioast
amd>wtg of tho binlos worced oub 07 the enades throiish the throads of the
bus tor wel.. ¥illia s bowud witis Furetone pevforiwd feirly well in firing
tog s bul wer rotod ns uniatiofaccory botaact of tnolrn aarked thermal

in3 2bi_isy.

Phoolig H:iin Fllldigs: Filliage ir vhach variows jhenolio
oud iug renlLs Weru Jutd w3 U3, 1ord for peunaiated phosihorus Lave porforued
ikt enmaistent poorosss fa fleing festa at dlgen Dy, Lot tve greardos

Lhas wepo Srarged Jiby ohaos £EMliags and tosted 1% tue Avmy Clenical Gonter

performod qols well. tarbletto castisy cusin dormed tpdemally-ostatle fillinge,

sther ctenolis reelins Cormsd wetablo £EVlings.

facocntory londn Fillinns: leboratory :ecins prorarcd fron ures.
9; 2 svrltuwral xd Trom nrar aid Tos Aok sle have e wesd g cdndora teoe
g1 ulated phovphorus Lo few jranavs. The £4Llings posforrrd fulrly w61)

1o Ortag terts, vut Lo rapid digings ration of the Lindors o the torperature

of ‘he thermsl atarnliity bast nuiias shees £ildin:s ancabivfni ry.
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vkt o Lo tinde o, paithor Fhan o the Jesempogiticon

.

- PS

or s whue i

of 103 Faur® ~ol.rivng oo % Tu@ e Gpem OO wan oxplaied,

LhRL: vorithe sradls thet ranl weor £llled
23 per ceit white phoapnoeus an’ 50 por cont
SAriog Weave &b wFe Arvey Chauwdeal wontor

by Faoin I8
YEC LDOLDUnT L
on -« sboter 1

Two prosaur s in whieh a Lo tion of tho white phusphorus filling
ne¢ recrn eonriried To red phoscherns by keiling ob etmospleric aoressure for
8 " oorzvere vsted t3 ondy fals 40 flring tosts &4 vilsoa Dam.  Those two
il dpgy were dtheraally stable, hovescr, nn? provably sontalnued at ienat
o0 ap cont med phogdborusz. I ja bolieved thet these €illings would have
ver epred el dn chells, Jor toth grecados produced fregmonta of £illing
Eha. #odvnirsa actlivy comtusticy “or L So 9 ainuics.  Although 3ucke from
the 2 Tragaeabe bE b produc. 1 ohselriap soruen, it ayocarcd thaf; had
tho ez prozovtlon w2 choll filidag Wiva scattered a- fragments oy vhe
W slie, oo arcs nrodicnd uy e mran arper unxer of rrapmonts tf'rom
sheoder o caaiy woa d bz o pwdd o voury wulisflactory seruau,

Groa.do Jlilinge sorprisad slmosht ontively of missiv red phose
pio e Lhet o bean Cermad in plece 1 sonlded reonsdes by ccrvorstin of
ant e phusprceous parformd poorly lu ficlyy, tosty wt fillson Dar. On the
e huad, o1 oprepidog oonteining sladiar [1linge perfsr>vramda cxeellantly
In leing tesce ot btoe Avny ULomical Contor. (ha poor perforcteuze at Jilsoa
Duic e cearnacerized by £hr ooatisring of velatizely lurgo 1 guents of
™A T3 iLA peoupneces Gl b Waracs well Bt produved Loo littl. wmoke te
mi! tedn an oracuring morven. Had tiwee tuen 8 lacser natbor - £ these
Cov pwate, nr prerwitly vould bria baor producot in the sxplo Llon ol e e
ch O sl cenendring e ware Ciltty, e cerven probebly weald
Lt wesinCactery.
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phoaphorus
TURS T 2 thuse Yy
Ger of navis, o= with plestor of

@ n an aguscug solution of polyvinyl
~%, and those iu wilel mesive red
Loriies i Sl celed nad 1 thr;vgh-cpnversion of
hite jhos:norus. FLiliogs ceataining Durclon s

ilove sowdled fwrbher, although bhe poor thermsl
tynos of Tilliugs shesawens Lheir ovontusnl elimination

- e
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foom oensidosscbion,

Adtiniaral sork op

ATV e oy 2. st o
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wenniated phosphorus
is cimenbed by Fluld lieders thui rolididy to form rigidly sclié fillings
will include Zutermipaticnr of the opuimum amount 2f Luwmder ard Lhe optimum
wixs e of the variove parkiele sizos of sgranuleted plicsshorus; ss rolated
o Bt The timenel stebility od e munition and veo the perforrsie of the
ounition v . being osto,

.y

he late ru; vhift or the canter of -avvty of the filling from ths
lonsitudionl rxig ol the filled munitior incident to storage of the munitlon
on x.n R ToE I «: v oAs rﬂ t ecxditliovas ADRArS to givs w good incication of tha
Erer sl suoiility 02 Se filling. A pecdnlum-typs bolancs will be constructed
te puandb a desuraliation of thu longltwiinal shif't of the contar of gravity
ag w,il, obtalasd with th's devies will be of ralus ir dctermining

wholer She snivt da conter of grevity of un vnstadblo £301ing is due to {los

of prorphoras {rom she 80134 sponge forncd Ly the geiting of the bindor

arouse Ghe phosphoris graanules or to movesunt of the blwler ftgelf, The tests

wili tc made o0 experimental £iilingg ia both M8 grensdes and glass containers.

S8ine tho churgas ia glass conteinere will be wisible, they will aid in

intsopretation of t0 easvremonts made on gropedes, |
Ihe ariormunso of the variovs ved phospuoicus ~'illinge has wean good

3nduch to warrat faebier inVcstigation ef wiiheds Lo c¢onversiocn of white to

re ~hf°h“~r" dupunisions,  Aweng thy phasca of B ordbliem that will rosasive

the 1ot aticnclion ars tno .atas of comvaeziny at rurlcus terporature.; atovs

the Luiling poted of walto phospnorus (280° €.); %hese convoraicma will hrve

Yo t. seoried sat mayler prisswres precter than etaosphuric presivre, buw nct

ia a. entirely ulosnd aystem. Tt is honed that massive red pnosphorus [illin, s

san W oprapast 1 iL secled «.2-iach IM sholls containing an initial churps of
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Sined correlation of the performancs of fillinga, particulerly
red paosphorus fillings, in MIE grenades with nerformancs in 4.2-inch CM
sbel .3 iy no* readily apparent, it appears that fixnal test of experimsntal
Jilliags chould W mede in shelils, To that ond, grcups of shells containing
the nromising TYA experimertal fillings will be preparcd end submitted to
the .ormy Chaudoul Cemier Lor storays ard performance teuts. nork in the
inmadiate fuburs will 3 devotel largely to study of methods of preparatiorn
erd «atermination of thermel stabilities of the various promisiag esperimental
£1ilage with toe ob =etive of cherging the chelle with fillings thet
recgaaably mey @ oxrected to zive the bost perfarmance possible for each
type of filling.




