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ROTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulatedp furnished, or in any way
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or other-
wise as 1n apy manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any

patented invention that may i@ any way be related
thereto. \
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Commanding Officer ST14, TIoy
CNS Techniocal Command
Building 330

Edgewood Arsenal, karyland

Attention: Chief, Munitions Division

Gontlomon:

Tronsmitted harewlth are six coplos of the fourth quarterly progress
roport on our studies of phosphorus fillings for munitions. The report
covers work porformod under contract W-18-035-CWS-1318 during the
porlod April 1 to June 30, 1847.

Very truly yours,
TENNESSEE VALLEY AUTHORITY

K. L. Elumore, Chief
Chemloal Research Division
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A : BEST Avay,
’ PUOSPHORUS FILLINGS FOR WUNITIONS ABLE Copy

Progress Riport on Work Performod in the Herlod April 1 +o T

\
Juno 3), 1947, undor Controct L{-IB*-OSS\CWS--ISJ.B

\'/ SUMMARY \ \

p In a ooniinuation of the scarch for suitable bindors for granulated
vhito phespherus i1 fillings for munitlions, ceveral additional commoroial

oasting resins woro testod,) Investigeation of-mathodnof preparstionof—
rosins from 1aboratory resronta was diecontinved:

‘A test for ovelustion of the thormal'stadility of the experimontal
f411lings in projec:iles wan devizod arnd used. Tho mothod is tased on the
latoral shift of t 0 contor of gravity {rom tho longitudinal axis of the
filled projootilo -Men the projoctile is stored on its side at 65°% C.

In tests of verious burztins charges in M18 gronades, certain of
tho oxporimontal fililups porformod ecatisfoaotorily whon explodrd with
MOA4D fures, MGA3 ‘uzos boootod with o cmll amount of a propellant powder,
or EC posder ignit:d with MZ0l furos, FPoth MGA3 fuzos end & combinetion of
powdor from .30~'0} esrvice riflo amrmnition with M201 fures proved
unsatisfotory as suretors.

‘Of the e:porimental phespherus £illings gsudjoctsd to firing ‘esis,
thoge inw’gho granulated pho-phorus vae bound with plastor of perisc
~ ... wore tho most promiging. Fillingc bound with Duralon, Palestis, and
Thiokol LP=2 perfo-med fairly well, Iut f‘illings\ bound with ghonolic casting
resins pave poor saoks goreens. - A

- \

.Flumnm';&rde.nto, sucih as aro usod in pt\:rminsiblo explosives to

o
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lower tho tomp.atiro of oombustion, appoarcd in prelimicery tests to be o
vorthy o* furthor study as agents for improving the porforrmancs of the &
phoaphecun fillings, %
4

Plano ro»/S;EQro work inoclude additional firing tents on fillings .

that appear promising ard attompts to propare fillingn corposed of nixtures A;f
of whito and red phoaphorus. :g
Z
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PHOCYHORUS FULLIACT VO PWITTLCNS
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Progrean Roport cn dor: Porforrsd in tho Iaple’ Anedild 1 to
Rty v, LARE ) —

Jwad 30, 1947, uniar Conbraot i "]8-0‘).)-(3“»'"1-51'3
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Ir. the 3-month perlod covored Ly this progrcee report, additional
comrorolal casting roninn woro -*o tod as blrdera for (ranulated shite
ptosphorun, and the offlenoy 20 plaatair of paris 20 o birding ag:nt was
erxplore:l further. A mothod ~mu doviesl for detormining tho thormal stability:

lea comprising prenulated phesphorus with varicus binders, The
perforr.'lnoo of tho oxperimontal £illings. in K1E gronoicp vms otulded ag a
funotion of tha tyro of burstor. The follcwing sacticrs of +tho ruport
prosont tho dotalls of the exporimonte fm>1\1hc plans for immadlete futwro
rzgoerch on the projoct, h

RESIN BIFDERG FOX GRANUIATED WEITE P.IOSFERORUS

. u.:
Sinecs vurlous commorocinl casiing rzeinc aprecored supcrlior to rcsino%
that could 3 eoncoctosd in thz laboratory, rreparatior of bvindors from
Jaboratory rongorts war dlgcoutinuod. fHevorel pgronader wore filled with a
mixture of pranulatel phoapho:uc apd urce~furfural-cliric acid lxhoruuory ;
rasin; the £illing datoricroted rapidly at 65° C., heicver, eond “he gronadas
verc used in en exploratory investigetion of bursting caargor vith results ¢
that ero not compnrable to thr routine firinz too%s.

Comrerolal Rasins

Thy gommerciel propurciions listad ir Tablo I form gtable mixtures
with granulated whito phegphorac. Tho phenelic roglng are liquil phonol-
forrmldohyde condensation precucte. Ia1 thelr commreinl vio an cesting
r~ ;ins, thoy ere herdered by hocting t:cm wlth the hardonding arent at about
“°® C. for paricds from geverr.l minute: to e fe¥ houwrs. Th3y heacme
suffioicutly rigid for vee ne bindore .n pliciphorus fillings at room
tomperatwre, however, but the <imo req:ired for tho hardening is longsr
than that necossary at clevated !’CmyO"\'LuI‘ . AT rocm temperature the
hardoning 1o practically comploto 1n n:riole from sevaral Inurs <o a fow

dayse.
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Comnorcial Rosing Usod eg Mundeors 1n Phoophorus FLllings

Roain Yanufacturor

Phonollic tyje

Boleer Moo Bakeor 04l Toolo,

- 100,972 Log Anpnlos, Col.
Cutabond Gatalin Coup.,
4C0 Now York, MN. Y.
Durez Dures 'Plastios &
74218 Chomloals,
N. Tonswanda, M, %
Merblottes  tarbletto Corp.,

No. 69 Loug Inland Ci%y,
N' Yo .

Synoast
No, 138—Bsthol, Corn.

Rhodes Induatrial
Corp., E. Eampten,
N. Y.‘

Furano tm

Dura®)n 30 U. 8. Stoancware,
Akron, 0.

Syararon
llo. 675

Urca-formaldehyde type

Palentio Palentio Cerp.,
Chiocago, I11.
// "
Triokol Thiokel Corp.,
1p-2 Tronton, N. J.

{
I
i

¢ ] o
Harconineg agent

Snyder Chem. Corp ,

MipTe,

deaipaation %%

Sotting
characteriatios, hr.

nork-
able Initial Fipal -
poriod gat got

EN

| P20 3 7 24-48
Catelyet | 12 3 7 24
1€0,085 15 3 7 24 3
Aocoluretor 9 <1 16 40
No. © 1
Acaglerelor \8 5 6 8-18 ;'
7422 10 3 4 8-18
12 2\ 2.5  4-18 .
Hardoner 10 1 \ 24 48
Ho, 3¢2 12 1 24 48
16 1 24 - 48 T
Ascolorator 7 5 - 24
D ‘ .«
Dardonor | 10 1 6 21 %
Fh \
Activetors 7
F 7.2 24 - e .
G 3.0 ’ -
Poloctio 53
thoter 3.5. 1 - 1.2
Vator 33
Falootio ). 53 . \
Facter \ 3.6 namr. es plaster of paris 4
Wator \ 33 i
Plaoter of \‘
parls 1 |
. ks |
PYHo, 7.6 very chort ‘

Furfural 20
Forrdo acid 4

24 48

% 0n basls cf woight of rosin.
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Duralon apparontly is tho only furans-typs caaling resin that
ig produced commsrcially. Its proportios are sipilar %o those of the -
phenolic casting rosins, excort that 5t ic somowhat slowor to harden at

room. tomporaturs.

Palostio 1s a stabllirod, wator-colublo, liquid urea-formaldehyde
condenaation product. It was dswvalep:® 5 a gtroagthening agent for
plastor of paris cagts. In prectleo, ralestic and 1ts "factor" are added
to tho vater=plaster mixturo, end the resultant mixture behaves much the
same as ordinary plastor. Tho dricd cost is ondd to bo stronger ard more
resietant to chipping than plastor alona.

Thiokol LP=2 is dogorited a: & low-molooulnr polysulfide polymer
having reactivo mroaptan tormlnals ard sdde groupes capable of furthor
polymorization and cross~linkags. Mixturos of Thicirol LP’-2 with lead
poroxide aspo-equito stiff and somovhet difficult to nix with granuletod

* “-white phosphorus. Bicauso of tho poszcible reaction of tho poroxide with
white phosphorus, the mlxturos are ocounidsrod nomduiat hagerdous, although
szall tatoches havo teen proparod without mishap. “Tho nolyror cures readily
with furfural and formic acid, but further investigation will bu required
to doterminn tho optimum propurtions of thoge rosgonts.

b

Modifiocations of Bindors ‘ .

Although placiter of paris zasts may b sirongthzped by the
inoorporation of Palostic and its fortor in the initial mixture, incorporations
of uroa~formaldohydo and ursa-furfural resins failed to impart eny dosirabdle
charaotoristics to plaster caste,

Emleions of white phosphorus in wator oen o propared with

polyvinyl alcohol as the omulsifying cgont. LEmulsions containing as much.
as 80 per cent of molten white phecephcrus as the disperse phess can be
prepared, .ut the omulsions bdroak on ctanding at room Yorpersture. A cold
omulgoion broaka rapldly whon hoated alove ‘-ha moléing point of phosphorus.
It wap found, howover, that f£i)lings with dosirable lLwnlag propertios oould

. be propared from pgranulated phosphorus, plastor of parie, and a pelyvinyl
aloohol-mator~phosphiorus omulsion that contuinod atout 50 por cont phosphorus,
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Fydrated salts are commonly incerporated into oxplosives to reduce
the temperaturo of combusticn. Among such calts are gypsum cud othey
hydratod sulfatos, eluns, borax, and various emmonium saltn. The unifornmly
good porformance of placter of parls {1llings lod to the assuwmption that
the cresss wvator edded to meko the initle) mix workable my have reducod
tho pillaring by dooroasing the tomporaturo of combustion. On this neswsp-
tion, flams rotardants wore addod to o £i)ling in which Marblstte, a
phnnolic ocacting rosin, vwan used an m birdor., Tho flamw rotordante, borax,
potascium alum, ammonium oxt.lato, and opeen salt, brought about & marked
improverant in the porformrce of %he fillings. Furthor work showed tha%
Duralon and Thiokol LP=-2 aprarently withetood tho incorporation of flame
retardanta tatter than did tho pherolisc rosini. +dork on the effoct of
flame retardaxts on the parformenco of phesphorua £il)inzs 1s being
oontinuved. Ammoniun, aluminuwn, and iron chlorides will o inocluded in future

teosts. ‘
|

THEFMAL STABILITY TESTS

It ls assumed thet “ho oxudetion tost ourrontly rsed to detormine
the thermal stebility of PAT is nct applicablo to rigid fillings of the
type prepared bty TVA. It 1: asnumed also that the %jor adverco offect
of therml inntubllity of othorvisne rigid Cillirgs would o tha lrteral
shif: of the centor of gravity of ti» fillod projoctile “rom the
long’iudinal axis vhen the projostile was gzhored in o ho:rizontgl position
under tropical conditions., To rzagswra this shift ia the center \of gravity,
& rigld atecl track won conctructcd and ths parallol ivomors wore ground to
true otraight edgos. Unlalense of the £illed nineilo vas roosured by
dotormining the woight, susjorded from a ciring vrapped rround tho misegile,
neocosoary to maintain tho misailo at voat 90° Trom its nntural rest poins
or tho levol track., Since tho radius and woirht of the mlcnile wore *'nom,
tho distea Sz of the contar cf grasity frem the longitudinel axis was
oaloulatsd readily. \

Ir preliminery teets of tie msthed, cec\bione of 57-mm. glase
tublng, semled ot o010 end, wore fillod steut twe-thirda fmll of mixtures of
granulated rhoasphorus with Thlokol LP=2, 1ho rosin was cured with fvrfural
ard formic aoid. The tubes wers clozed vith rudbor stoppors through witich
pessed smll~-bore glacs tubing Lo rsleage any pressure dcwoloped in the
ocntainora, When the £illirga had hardnred, thn tubns wore placed horizontally
ip a wotar bath at 65° C. fcr 24 hourr, oftor whleh thoy woro romoved end
allewed to cool in tho gmmo ponitioa thoy had occupiod in the bath., Aftar the
unbalance of ocach tube had teen measurad, ths exuded phosphorus that had
collooted ir tho empty apace wotwoon tho filling and the rubbor stopper wae
out out ard woighed. Tho exuded phonphorus acecountnd for nbout one=half of the '
untalanes of tho tubog. Tho duta voro irsuffiolent, howover, to permit ostimation -
of tho distrilubion of the ratainod phoarhorus in the body of the fillinz.

| \
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Simidar thormal stnbility testo wero modo on M5 \mrennics
oontaining wvarious exporimontnl f£illings. The grenndes containod 226 ce.
of £illing, which acoupled abeul 90 pcr esut of the froo spaco in the
gronado. In aggomdling tho gronxdnz, the male threeds of the hurater
wolla woro ocsetod with & heavy~luty grease. The gronndes were plased on
tholr nides in an oven at 65° C. Thirty-por cont of tho gronacdes so
heatod leakod phosphorus around “he throads of 4$ho burster well, usuully
within 1 hows:—Tho loaking grenades were romoved from tho ,oven !
Imrediately and allowod to ccel in & horizoatal) position. The other
rronados wore romdved at tho ond of 8 houra uxd alsgo were coolad in the
pamo position thoy had oocupicd in tho ovon. \The results of tho tosts are
shown in Table II. It ie spperont thot the chenge in distribution of the
phoasphorus ia the pronades cocucs 4in Joga $han 8 hours of erxposura to
troploal storage conditions. Suahzoquent heating of som of tho pronados
at 66° C, for 7 hourn whilsy stascing on thoir banos reosulted in roductlon
of the unbalarnco pracstically to nero, from which 1t is corcluded thal
thormal instatility of fillings of the typo propared in the prosent study
is dus to movemont of molton phsuphorua by gravity flow, anl that the
contor of gravity of the fillecd nunition ray ¢ rostored substantially to
ite original position by h2a%in; while in the upright position.

From the data in Tatl> II it is concluded that, of the {illiags
tooted, only those in whioch tha binders vwora Catabond, Palostic without

_wator, amdThiokol LP-2 are thor-ally unsiublo %o & doyroo that would

affect tho btnllisties of the pr:ioctile. Comparison of J4A and JBA,
which wero cured with 4 par con:t “ormle acid, \kth J3A, cured with 2 por
cont formlo nold, indiecates, howirstr, that suitable motheds of curing my
ylold n thormally stablo Taiokol LP-2 binder, Tho untzlaace of tha PW?
gropade was approximetely what would 1o oxpeotod 4f it is assued that the
entire charge behavos as a liquid at €5° C.

All the pronndes that had teen subjeotod to thorral c¢tabllity
tests wore subsoquontly fired ia comperison with unheatod groncdes.
Thore - .0 no apparernt differenc? in tro pearformance of heatad ond unhoated
gronades,

a—
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TABU: TI \
e \
© o Mhormal Stahl Mty feets of Yionphori FLMnge S 195 Cro ances
N
3 Total T
Filling wt. of  Timo Mt. to  Shift of esrior
% . Mados 'H:‘. ’ L;x-:)?r.r.to, }:3.3;';.0(1 , I:altfloo, Ef... gg'nvi'f,:‘yﬁ_v e
i . F h N S LI i, e Totol Filiing
. C2A  Flestor of narla 407 A 2 6 0.2 0.5
e 16 v 0.3 C. 3
3 IC4A PVA-plaptor® S4 50 8 8 0.3 ¢.7
16 10 0.4 c.3
ElA Duralon Nz 556 3} 9 0.4 ¢
15 £ 0.4 0.8
EXE Duralon 313 G4n 1 9 0.4 0.9 ‘
DA Duros 307 132 3 19 c.9 1.8
DI  Duroz 319 548 n 23 1.0 2.0 .
K2B  Catabond e 649 1 2 2.5 2.0
: K2C  Catadond 0 88 AR 21 0.9 1.9
M1A  Marblotto 39 . 68} 8 -2 0.1 0.2
M2A  Marblotte 3¢ 588 e 2.3 0.3
M2B  l'arblotte 566 714 oo 0.2 0.3
PIC  Praloaiio® Bol 597 P 0.2 .3
PSC  Palogtiod a7 030 ¢ 1.9 3.7
PCID  Palastio~plaztes” 305 (AL L0 3.2 0.1
J3A  Thiokol Lp-:f 302 £q 3 5.2 €.9
16 3.2 6.9
J4A  Thioknl LP=-27 U5 673 3 0.7 1.4
16 0.9 1.3
J5A  Thiokol Lp~2h. 505 570 e 1.2 2.3
14 1.2 2.1%
JGA  Thiokol LP-2 soo 350 5 1.1 2.3
J7A T Lokol LP-2J 306 398 ‘g 1,8 3.5
PAP4 . losticdzod WPX 250 778 8 0\3 6.)
' 16 2.6 6.2
’t‘) Gronede loaked phosplhorua, -
Polyvinyl aleohol-wiiiorephorpiorus smwnleion used to enp)ly wasor to
uot - - i \
% Paloatio rosia, factor, and waser.
0 Pelogtio rosin cnd {eectory nn water., \

Plagtor of paris and Palertic mixturc. \
T Cured with 20 por cont furfural, 2 por cont EGOOH.
€ Curod with 30 por coat furfural, 4 per cont FCOCH,
Cured with 20 per cont furfural, 4 per cont FCOOH,
Linsood 0il unoed aa nlactielrar,
. Samv as JGA, dub with f£ino graaulatsd P
Supplied “yy Edpovrood Artonnl,

=
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FIRIEG TEST3

In previous firing tosts tho oxporimontal £illinpgas wore cvalustied
oo tho aasumption that tho gmeko gonoratod im thoe \burnt of the munitien
was largely wastod sand that the ldoal performance would tc the productlon
of tho minimum amount of cloud at tho burst ond tlu\bgcattoring of the
maximum amount of relatively lerpo plocoa of f£illing which would barn on
tio ground to producs o screoning trail. lr. Kracko, in hin|visit to
Wilaon Dam oa May G, 1947, stated, however, thai the idoal phasphorus
£i1ling would produco an instantonsous cloud that would hug the ground and
noet be wasted st highor altituwden. On the besles of lnforral talks with :
Vr., Kracke, At 1is concludod that ideal poxrformance may to deseritod as the
production of a sorconing clound, gororatod almogt sinmultensously with the
burat,t;;!:’a_gﬁws an aree frem ground lovel to a hoight of about 12 faet.
Pillaring that rosults in esscnt of smoko moro than 12 feot abovo pround
is wastoful, and pnrilclos of £illing that bury go nlowly shat thoy do not
maintein the origiral ocloud are likewise szaﬂto}\ul.

Tho firing taegtn coverad ly the prosont rapert ware mado on a

Jarge, fairly lovol fill comprising wastoa from Nitrate Plant Np. 2,

Firing usually vms otarted at atout 090C hours and contiruod throuph 1130
hours. At the boginning of cach morning's firing the wunthor was fairly
000l (70° F.) and tho wind volcoity wee bolow 4 miles por hour. As the
morning advanced, hoiever, the tomperature rose to abtout 85° F,, and the
wind inoroasod both in wvelocity (+» 12 milos pcr hour an & maximum) ard in
gustiness. It was obsorvod that, rder the bost conditions (eool, rolatively
etill morning), soreoning smokes persisted for a meximun of abtout 16 esoonds
in most shots. As the ~weather conlitiona tzcerc worgs, elither tho wind
carriod the smole rapidly out of the rarze of olfcotive olsarvation, or
thormal updrafts-accontuated tho pillaring effcot of tho bursh. In the
- evaluation of chots fired under these urfavorablo conditicns, allowence was
made for tho advorce offoct of hipgh winds ard of|thermal updrafts. Future °
firing ’ ots will be made under nore guitatle co&iticrm.

\\

Firing end Ovservation Prooodures ' \ i

Tho arwed pronade vas insortad, taso firet and up to ite shoulder,
into a szhort length of standard 2,5-inch pipo. A loop of wire was passed
around the top of the burstér wull under tho atriksr houaing and attached to
a stiff wire hook anchorod in the grourd., The safoty pin was thon withdrawn,
and tho pipo oontaluing tho grenado was loid on tho ground. Tho gronade wus
firod by pulling the retaining pipoe from tho grenado with o ropo that
extendod to the obporvation point. All gronades werc thue lying on their
oidos on tho ground whon tho burster explodod.




BESTAVAI[ABLE Copy

Obtaervations woroe made from a point 50 yards from tho burst, and
attempts were made to Locp the Jino from the lLurst to the observation point
at right anples to the wind. Notus wero mado of the diaretor of the burst
(total distribution of fragmonts of tho £illing normal to the line of
obsorvation), relntive amouat of pillar, timo of peraiotoncoe of sorconing
8moko—dOTITT of sorooning rmoks, typo of rupture of grenade cass, and

7 ‘amount of filling remining in the lLursl case., A camora (Kedak 35, with

Lifa Omniocole. filtor, lcadod with Xodak Supdr XX £ilm) vno mounted at the
obsorvation point, and plotures wero talnn of the burst and of %ho smoke
5 secoads and 10 secondo aftor %he ture’.

Picturea of the vnriouc types of smokos produsod in the firing
tosts are shown in Fipuras 1 and 2. All tho smokes chown in Fi sure 1 are
rated as satisfactory. Tho cloud shown in C2F ig considerod of tho desirable
type, although at 10 soconda the asoroen is togimming to thin at the lofte
hand side noar the round. The pemi-colurmar type of oloud shown im C2A
ia obtained moro froquently thon the typo chown iu C2F. The seroon shown
in 458 io tho test that was obteinod 4n tho saries covercd in this roport;
the screen persisted for 25 soconds. Tho sorcon shovm in E1B ia considered
littlo botter than fair. Crensdes LA ond J8B ware firod 3o & Gemile wind.

All the pmokes showm in Figuro 2 are considorsd unsatisfactory.
Too much smoke is wested in tho pillar in D1E, vhereas A4A illustrates an
oxtremely rapid dissipation of smoko, presumably in o tharmml updraft. An
undesirable chareotoriatic, f{raquontly cnoountorad, of a rlendor colurm of |
smoke with 1ittle sorcening off-ct iz illustratod by EIC end DID. The burat
~in PWP3 wms obtained vhen a gro..ade containing PAP was burst with EC powder; |
this is the only gronade burst cimilar to the charactorirtic bursts obtainsd
whon fillings in glass boavsra vore oxplodod with firocreclkers. The smoke
in both PWP3 apd RVP4 io too thin for osfective scraoning.
|
! i

Effeot of Typo of Purstor

The poi-i‘ormnca of M8.4D fuzer wos L%tinft\otory with all the
experimental fillings. Of the pronsdes oxplodéd with 26A4D fuzoz, 80 per
cent wore torm, 12 por cont worc cupped. and tho roet worc spli% or lontern
burst. l

The bursting forco of M5A3 fuszes was {:o woak for satisfactoery
performanco with any of tho oxporirpntal fillinga. Vhen thase fuzos were
boosted with 2 oo. (2 grama) of ,30-'08 powder,

consistontly by the exploaion, and the porformance vne co

cvovor, K‘he oapeg wore torn
grenades burst with M6A4D furos,

?arublo to that of

.‘//
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A oombination of EC powdor with U201 fuzes porformpd setlsfesotorily,
but 8 oz, (3 groms) of the powder was roquired for proper funotioning. ‘
With this ohargs, 74 ror ceat of tho cases woro torn and 22 por cont were
lantern burat by tho oxplosion.

The povdor from U. S. Army .30-'C6 sorvico rifle oartridgea,
ignited with M20l fusea, wnas lrco rcatinfactory as a.bursting oharge than EC
powder. VWhen 8 co. (8 grams) of .30-'0G powdor was uced as ths bursting
oharge, 40 per cent of the casos were torn, 40 per ocont were lantern burst,
and 20 per cent wero cuppod by the explosion.
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Inoidentally, G4 por cent of all grenados that were torn by the
bursting charge produced good smokes, 23 per cont produced fair smokes, and
23 por oent produced poor smokes. On the othor hand, 60 per cent of the
smokes produced by lantern~-burst, split, or oupped casos were rated an poor.

Performnce of Fillings & -

All the oxperimental fillings prepared by TVA wore mixtures of
granulated white phosphorus with a f1luid dinder which subsoquently set to
a rigidly solid mass. Sinco all the fillings contained granulated phosphorus,
they are identified in tho following disoussion By the binder uced in their
preparation, \ ‘

Massive phosphorus in K15 gronades porformed too &yratically to
be a satisfactory standard for ccrparison with other fillings. Pillaring
usually was marked, and the amoke usually formed a slender rising column that
had little goroening valuo. Oddly onough, partioles of maesive phosphorus
that were scatterod by the explcsion often burmsd for as long as 2 miputes
after the burst, which compared favorably with the burning time of partioles
of £4111mgs propared with binders, but the smoke generated by thasé burning
partic’ s was not dense enough to huve valus as a soroen,

A .

Four grenados containing PAP were obtained fyom Edgewood Arsenal
and wore firod in comparison with experimontal fillings prepsared by TVA.
All four PWP grenades produced thinner and less sorceninp smoke than was
oonsidered satisfactory. The smokes from two of theso grenades, FiP3 and
PAWP4, are shovm in Figure 2. Gronade PWP3 was oxploded with EC powder, and
the appourance of the burst indicateg that the plastio PAP was oxtruded
through tho rupturod osso by tho propellant powder. This oase, however, was
torn by the bursting charge. Orenande FiVP4 was oxploded with an MGA4D fuze;
whereas this gronade performed bettor than any of tho other RYP grenades,
the smoke produced was too thin to be an effective screon.

P




{

10

Phenolioc Fillings: The performance of phenolic fillings was
- poor. In genoral, the smokos tonded to form rising colummns similar to @
thoge shown in DIE and DP1D in Figure 2. Both theso fillinpgs were prepared :
with Durer carting resin, and the picturos are extromn examples of
v undesirabdble performance. Catabond rosin made better fillings, in goneral,
than did either Baker, Duresz, or Marblotte resing, but the number of grenades
of each type tested was too small for oconclusiw> comparigon., As a wholo,
« .. hawevor, tH& phonolioc bindors wore less promising than other biuders.
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Duralon Fillings: Ae showm by E1A and E1B in Figure 1 and EIC
in Figure 2, Duralon fillings porformed fairly well.

Pnlostioc Fillinpgs: Fillinga bound with Palestic resin alonme

i; showod sufficient promise to warrant further investigation. Fillings in
§ which Palestio and plaater of parla togother wore used as tho dbinder
4

%
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perforred pooror than did plaster of paris £illings that contained ro
Palestio,

Thickol LP~2 Fillinrs: The Thiokol LP-2 fillings were cured with
furfural and formlo acid. TFillings cured with 20 per cent furfural and 4
per cent formic acid performod well onough to indicate that proper ocuring
1 of Thiokol LP=2 may result in & satisfactory filling. Fillings oured with
Te 20 per cent furfural and 2 por ceant formic aoid porformed erratiocally, .o
probadly because of nonuniform ocuring in the presence of the small amount :
o of acid. Fillings ocured with 30 por cent furfural and 4 por cent formio _
aoid porformed poorly, and modification of tho binder in these fillings

by incorporation of linseed oil or ethylene glyeol was of no apparent
advantags. . :
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Plastor of Paria Fillinge: The porformance of fillings bound
with plaster of paris wns consistently botter than that of any of the
other fillings. Grenades C2F and C2A in Figure 1 oontained plaster fillings.
Mixtures in which the wator required to harden the plaster of paris was
supplied by a polyvinyl alcohol-water e.:ulsion of phosphorus conteining 60
por cent phosphorus also porformed very eatiafactorily.

Flame Retardants: Plaster of paris filﬂ\ngs that are allowed to
set in a closed containsr remain moist with the excess water that is added
to form an initially fluid, workable mixture. The consistently good
performance of these fillings led to tho assumption that the excess water
in the mixture may havo roduced the tomparature of %:he initial combustion
whon the grenade was exploded, and so roduced the amoumt of pillar.
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To toat tho offoot of subsiances which might bs expected to
reduce the temporature of acombustion, eevsral grenades were filled with
granulated phosphorus which was cowvorod with various liquidsa. When the
phosphorus was covored with water, koroseno, or carbon tetrachloride, the
grenades performod much lizo grenadep filled with massive phosphorus, and
much of the amoke was wasted in a pillar., Whon the phosphorus was ocovered
with ethyl aloohol, tho burst resultod in n osmall ball of emoke about §
yards in diameter. oot of the granules wors soattered unburned on the
ground, and about 6 soconds elapsed before they ignited. This bohavior
is an oxample of tho well-known tendency of ocortain organic liquids and
thelir vapors to inhibit tho oxidation of phoaphorus.

Several Marblette fillings woro prepared in which the binder was !
modified by the inocorporation of 15 por cent of borax, 20 per ocemt of
potassium alum, 18 per cont of ammonium oxalate, or 20 per cent of opsom
sslt. All these fillings performod well, in marked contrast to the poor
performanos of the unmedified larblette f1illing. The £illling modified with P
ammonium oxalate porformdd bottor than any other in this group; M5B in gt
Figure 1 shows tho smoko producod by one of those ammonium oxalate-
Marblette fi1llings. It has since btoen found that both Duralon and Thiokol
LP-2 apparently withstand incorporation of ammonium oxalate with leuss A
adverse effeot on their physical properties than do any of the phenolio
binders. Invostigation of tho offoot of flame retardants on the performance i
of Duralon and Thiokol LP=2 fillings 1s being continueod.

FEVIEW OF RESULTS AND PLANS FOR FURTHER WORK
v !

On the basis of both thermal stability tests and firing tests,
fillinge containing plastor of.paris as tho binder appsar td bte the bost
that ha~. Yoon proparod in the prosent study. Duralon and Paleatioc
fillings also appear to have consideradle promise, and Thiokol LP-2
fillings may te developod that will perform satisfaotorily. Tho verious
pionolio ocasting resins do not nppear promising, but all the experimontal
£1llings will be subdjootod to additional Tiring tosts under more suitabdle
weather oconditions before final conoclusiona are drawn.

——— |

A shipmont of stirrer-granulated phosphorus, of particle sire
mostly between 50 and 80 mesh, has boen recoived from Edgewood Arsenal, and
various fillings containing this material will'be propared with the binders
used in TVA experimental fillings. Since the jet-granulated phosphorus
propared at TVA 4is coarser (4 to 16 mesh) than the stirrer-granulated phoa=-
phorus, attempts will bs made to inoromse the amount of phosphorus in the
experimental fillings by mixing the two types of granules.
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. sulfur—eutectio on a metal plate largo omough to provont mrkbd ponotration
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Mixtures of rod and white phosphorus ,\Jsuoh as are obtainod by e
partial oconversion of 1liquid white phosphorus tb the rod form, are -
promising fillinge. Some work has been dono on theso fillings at Edgowood oo
Arsonal and reported in T. D, M. R. No. 793 and in a report of test dated
Soptember 22, 1944, on projoct AB.2-4, GOronadeg filled with white

phoapherus will be heatad for various timos atl {\omperaturau botween 260°

and 300° C. to convert various proporticans of the white phosphorus to the

red modification, and the trsated grenades will e subjeo d to thormal

stadility tests and to firing tests. .

From observations of the performance of phoaphorus fillings in
M15 grenades, it is oonocluded that test firings of experimental fillings
in this munition should be oconduotod under suitablo woather conditiona.
Tho optimum wind wvslooity appoars to be 2 to 4 miles per hour; at lowor
volooitios thHe smoke may tend to dbunch up more than 3o desirable in tosts, ;
and all smoles my tond to eppear to porform much alile, At higher .
volocities, evez at 5 or 6 miles por hour, the wind may dissipate so rapidly
the rolativnly small emount of omoko produced by a grenade that oritioal
evaluation is impossible. Thermal updrafta from ground undor atrong sunlignt,
particularly in sumer woather, apparently tend to accentuate markedly the
Pillaring of & amoke, hence, flring tests should not bo oconducted when the
ground temperature is above about 80° F. .
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To obtain more uniform weathor oonditiona during future firing
tosts, the tests will do conducted botween dawn and the time, probtably
0800 or 0900 hours in tho swmwr, when tho wind becomssg stronger than is
desirable and the ground begins to heat up in the sun. A standard smoke,
vhich will bes ugod to evalunto weather conditions in genoral, will be
geverated by dumping, from a smll metal boaker about 3 foet above the
ground, & _gtapdard amount (probably about 100 cc.) of 1liquid 80-20 phosphorus~
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of the liquid into the ground. K

Test grenados will be fired in froﬁ\t of a line of posts, 12 foet
high .nd 8 yards apart., Thoso posts will o 10 inches wide and will bo
painted in alternate black and whito 18-inch oquares. Evaluation of the
smokos will be made on the basis of intogration of the produot of the
totally obsocured area botwsen ground levol and the top of the 1l2-foot posta
and the time of persistonce of tho aomoko. Atierpts will be made to correot
to standard oconditions each ovaluation by applying corrootion faotors, to
be detormined later, vhioch will allow for wind voloocity and for ovor-all
weather conditions ap evaluated by the standard smoke.




