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I. Abstrect

A querterly srogress reyort outlining the Standerd 0il Development Com-
peny's work under N.D.R.C. Projcct No. 199, Contract OEMsr-183 on the develo ment
of air-borne incendiary bombs to provide & cubstitute for the present 4-1b.
masnesium bomb mey be summarized as follows:

A. The reponderence of official informetion is to the effect that most incendi-
eries come to rest in attics end hence meny or most fires started by such incendi-
sries initiczlly vere attic fires. In view of this information primery cttention
hzs beer. neid to developing mixtures end methods of applicetion vwhich would ctuse
destructive cttic fires. It has been essumed temporuarily thet & technique success-
ful in this direction would clso be sctisfactory wus regurds ability to fire other
structurescs well. It hus been found thut uttic structures cen be destructively
burned with the minimum cmount of fuel if the incendisrry is pleced neer or dis-
charged into the eaves line where the roof leth ond ri:fters serve &s kindling.

B. Petroleum mixtures of 10 to 12 joundc per sq.in. Reid vepor pressure, corres-
ponding to avercsge motor grsolinc, rive satisfuctory ignition cherccteristics down
to -40°F, &nd ccn be hendled in light veight contciners (with _rooser tllowence

for outrge) un to 150°F,

C. Light petroleum fuels, such ¢s pentine or lighter end unthickened gasoline give
repid, flash burns vwhich cre incffective. Heezvy oils, such &s gas oil or fuel oil
give long burning but too low flemce znd e¢re difficult to ignite &t low temperc-
tures, Gasolines or nephthas having finel boiling coints of from 350 to S00°F. when
progerly thickened with rubber or sosps, do not flesh burn nor bleed unduly, cre

long burning, :rc edhesive end cohesive, eénd pive the most effective destruction
for » given wecight of fuel,

D. Studies of various thickening tzents heve shown thet (1) if rubber is used,
less letex then crepe or smoked shect is required for & piven degree of thickening,
(2) crepe rubber is simplest in epplicction since strins of crepe mey be immersed
in the gcsoline tnd thickening is eccomslished without heeting or stirring, (3)
cold sett gesoline soc)s durliccte the burning charccteristics of these gasolinc-
rubber pums, mcint:in their consistcncy ressonsbly well from 150° to -40°F., do
not blased unduly or flesh burn, :nd cen be compounded by & simple technique which
it 1s believed cun be recdily epplicd in the field.

The most sctisfuctory geosoline soup, Formule 122, has the following
composition:

Sterrie ceid (or hydrofol)
Rosin
Cottonsced oil (or cestor oil)
Czustic soda
Veter
Motor gesoline __ 8B4
1
E. Burning tests heve been cerricd out in severcl pttic structures in vhich

destructiveness cnd completeness of :ny fire tre teken as the eriteric. Verious
attic structwrcs hove shown the seme genercl conclusions:
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With a given weicht of fucl loceted st e given distonce
from the ezcves, thickened gcsoline is equal to megnesium
end is distinetly superior to thermate.

Gesoline-rubber gums snd gesolinec sorps &re equelly
cffective.

Destructive fires cre not sterted by dischorging discrect
rurticles into end adhering onto the underside of the
roof, neor the ridge polc.

& given veight of fuel which ciuses © destructive fire
vhen fires on & single discreot prrticle mey not stert e
destructive fire if scoercted into several smcller |
perticlos.

Gasoline socps discherged from the end ¢f 0 3 inch dicmeter
bomb into the vaves line mry ctuse dostructive fires with
s 1little as 2 pounds of fuel.

F. Preliminery designs indicste thet ¢ bomb of opyroximetcly 4 pounds totel
weight will contoin agproximately 2 rounds of sorp thickened gasoline. It 1is
believed thet such o bomb will be neurly cs effuctive cs the 4-1b. magnesium bomb

(1.2 1b. of mognesium) ond distinctly sujcrior to the >rcsent stenderd 4-1b.
therme.te bomb.

G. PFurther work is plznned including the testing of 4-1b. gcsoline soc; bombs by

projecting them from & morter throush tyoicil roof struecturcs to  cormit fincl
dete for design purposes.

ITI. Introduction

A. Puroose of the Report

The purpose of this rcport is () to outline the jrogress of the
Stenderd 0il Develonment Comprny's work for N.D.R.C. to dete (i.c. from October 20,
1941 to Jenucry 20, 1942) on development of :ir-borne incendiiury bombs znd (b) to
prescnt Development!s tentetive conclusions besed on dete obtrined from Professor
L. F. Fiescr of Herverd, from Mr. S. W. adey of the British Petrolcum (Werfrre)
Borrd, ond fror Development'!s own investigzetions.,

B. Stetement of the Problem

The primory problem s understood by the Stonderd 0il Development Com-
peny is the development of &n air-bornme oil type incendi:ry bomb zpprocching ¢s
necrly as ‘ossible the effectiveness of the sresent 4-1b. megnesium incendiury for
firing either (c) debris produced from ordincry wood cnd brick structurcs by the
ection of demolition bombs, or (b) ordinery light construction such as wood or
brick walled dvellings, shops, werehouscs, ind light foctory construction.

The ;roblem is understood to be further sub-divided into (z) the crrlies’
possible development of an immedicte substitute for the 4-1b. mcgnesium borb cnd
reslecement for the thermzte bomb until lote 1942, ot thich time edequnte supplies
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of nmegnesium nre expected to become zviileble, tnd (b) develojment, if possible,
over vhotever developrent criod is rccesscry, of cn oil ty e incendicry bomb
ts ¢ sttisfoctory long-ternm repliceucnt of or supplenent to the 4-1b. negnesiunm
incendiary boab.

The pripondercnce of official informntion mcde rwviiluble thus for is
to the effect thet most incendieries come to rest in cttics ard thercfore nost
of the flres in dwellings vhich heve becn stirted by incendicries hive initi:lly
been rttic fires., Firing of cttic structurcs, therefore, hes becn trken os the
first objective on the nssumption th:t ¢ boub of mexddinum cffectivencss for
czusing destructive rttic firos could bu mide equelly offceetive for firiag
other crts of thu structure or decbris cs vell. It hes nlco been asscuned thet
the ctties hive been cliered of rubbish ¢s ¢ sreliainery tir-reid rectution
cnd therefore cuxiliiry kindling nrtericl is cbasent.

IIT. Fuel Quslity
As sho'm in Teble 1, hydroe-.rbon fuels hive grericr erlorific values

then en cquel weight or volume of theralie or negnuesium cnd henee the work thus
frr hes deslt rilireipndlly with verious metroleun mixtures,

A. Ipnition Chrrreteristics of Hydroerrbon Fucls

in Import:nt requirercent of : hydrocrrton fucl for use in ¢n in-
cendicry bonb is that it be reedily ignitroble under rll temper: ture conditions
to which it ity be subjected. Hydrocirbon fucls cen be iznited end ill con-
tinue to burn if thc fuel temporsture is cbove its fire point. Rerosenc, for
exenple, hes o flre point slizhtly ~tove 110°F. cnd thurefore is not suiteble
for imnition ¢t & roon temneruturce of B0°F, Since the boubs cre corricd ot
high sltitudcs for considertble _weriods of time, it is quite »Hrobcble thot the
fuel tempercture in the bomb will cpprorch thot of the surrounding : tmospherc
(see Appcndix I).

Tenperstures ot cltitudes rerched in bomber flirhts tre rs lou s
-40°F. znd therefore the fucl should have ¢ fire point below this temper:ture,
The volctility of thu fuel controls the fire noint, vhich is not re:dily
deternincd dircetly with precision ot lov temper:tures :¢nd :ccordin ly the Reid
vepor pressure ot 100°F, in pounds ur scurre inch hes becn cdosted o5 the eri-
terion for the suitnbility of ¢ fucl for low termperanturc ignition.

The relitionship of Reid vepor ressure ot 100°F. in 1b./s_.in. to
the flesh and fire point is given in Toble T, for synthutic blends of butrne
tnd keroscne. The best inform: tion on the required R.V.P., hosever, is detern
ined by fillingz - bonb with the fuel in guustion, couling to -40 or -60°F. =ond
cxploding the bomb. Such tests (sce Arsendix IV) indierte thet ¢ fuel is re-
quircd with ¢ R.V.P, of 10 to 12 1b./s,.in. ¢t 100°F, Winter grede notor goso-
line is the nost generully cveilsble fuel for mioting this re_uircment.
Avistion grsoline (7 1b./sg.in. R.V.P.) is not conaidercd to be suiteble,

B. Tipe-Temncr: ture Rel:ticnships for Burning Fucls
In order to cvelurte the verious fuels emplojed in this 'urk ith

regrrd to fleme durction cnd meximun temper: ture, ¢ test cpor:tus ws con-
structed which essenticlly comorised ei:ht thermocou les sus cndcd by riins of
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Table 1

‘Heat of Combustien of Varicus Fuels

Basis-Pure Fuel Basis-4 Lb, Remb
M Btu/ Btu/Lb. M Etu/cu.ft,

Btu/Lb, cu.ft. PRtu/Bemb of Bemb cf Remb
Thermite 1,500 2LLF <y 340 o624 12
Aluminum 13,000 2210
Mngnesium 10,780 1158 14,115 3603 470
Pire W=~nd 9,20‘ 310
Conl 14,000 8L0
Fuel 011-12°API 18,400 1130
Vetor Gasoline 18,800 880 3¢, 600%%*.6G00 652%%

* Bansed on packing at LOOO #/sq.in.
¥x Ascumed to be tailless to be equipped with stresmers.
k4x Est. at 2.2 1b, gasnline-seap per btemb,

Table 2
IGNITION JUALITIES

RELATICKSHI™® OF REID VAPOR PRESSURE TC FLASH AMD FIRE
y F UNTHICHENED FUELS

Reid Flash* Fire*
Vaper Pressure Point Pcint
254 n-butune Kero.{Varsol No,1)16 1b,/sj.in. =40°F, -L0°F,
g " 8 '{“7'; " " " 40 4,0
" 85% " " 2 =40 -4
" 9334 " " =49 =40
" 957, " " <40 +20
: i 1009 " 1 +105 +115
‘cter Benzol (90% Renzene) +5FK L2
Iait ﬂt 'P.f: . X\Iq‘phtkap . -L&G -ho

* Open cup flash snd Tire test,
** 30l1id benzene present and temperatures may be in error,
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o stecl frauework at verying distrnces above cn open dish contcining the burning
fucl (sce Figurc 1). A cylindricrl shicld mounted on legs protccted the flancs
fron strey drofts. Tho dimcnsions ef the stecl frorework were identic:l <with
those of the wnoden test structure used by Professor L. F. Ficser wt Hrrverd
University. Tompercturcs vwere recorded by photographing ucters connccted uith
the thernoccuples.

The lighter hydrocorbon fuels, such a8 grsoline, geve cppricinbly
higher flime tumperectures for ¢ shorter durction then did the heovier ¢ils, such
8 Dicsel fuel, This wrs ceconprnicd in the cose of the lighter fuels by e
large flrae volunc, vherecs vith the heivy fucls the flines tended to romcin
sm: 1l tnd lov:. In Figure 2 rre shown tyniccl datc obtrined when burnin: (1) o
light nzohthe (120-280°F.B.P.; freetion, (2) - hecvy nephthe (300-400°F.5.P.)
freetion, ~nd (3) o Diesel fuel oil (400-600°F.B.P.) blended with 50% gcsoline
for ignition jurposes. The reletivoly hizh temperrtures (1800°F.) cnd short
burning time (250 seconds) zssocirted with the light ncphthe, cnd the long
burning time (500+ scconds) ~nd releatively low temperctures (1300°F.) of the
Dicsol oil, s well r3 the intcriedit te ch:ri:cteristics of the henvy nehthe
frection ere clerxly evident.

W In =n attempt to inercese thoe burning time of the lizht ne htha freoe-
tion ithout scerifieinz cny of its hizh tumper:turce sdwentogc, verious arter-
ic1s, such rs l:tex, crepe, end smoked sheet rubber, were used as thickening
rgents. Figurc 3 shows the dctc obtcined whon burning (1) 4% letex in light
nephthe, (R) 470 lotex in hecvy nevhthe, ond (3) 4% lotex in Diosel fuel oil,

By comporison +ith Figure 1, it will be scen thot the rddition of 4% 1l:tex in-
crcrsed the cetive burning time of the light nephth: by 20-%50p, vith little
deerecse in flrme tempercture. The effeet of the latex on tho Diesel fuel wes
quite different from its effect on the light nephthe; tho heevicr oils vure acdc
to burn faster, .robibly duc tc <he wick zction of the pel structurc. Houever,
it is significint thet thoese hervicr fucls did not _roduct o8 hot flomes as

the 1light nephthe, even though their burning rete wes considercbly incre: sed.

On the basis of these drte :nd similer tests employing erepe ¢nd saoked sheet
rubber, ¢nd becring in mind supply consider: tions rs well £s the fuel churce-~
teristics necessary for ignition, ¢ petroleum froction boiling from cbout 100-
400°F. (regulcr motor grsolinc) hrs becn sclectud o8 the best basc stock for
petroleun incendiiry bombs.

IV. Fuel Thickeners

Ezrly burning tcsts had shoun thrt thickencd grsolines hcd zood igni-
tion chtrceteristies end gave long burnin_, high tenmperature flemes. Thickened
fuels also _osscuscd the cdvontrge of bein: cohesive, thus preventing flosh
firing znd shrtturing when cjucted from £ bonmb.

A. Rubber Gums

Tho British hrd investigcted the merits of bhenzene thickened with
rubbcr ~nd further work hcs been donc on rubbur sums ot Herverd. On the besis
of this crrly vork, two stendrrd jums were prepured by dispersing smoked sheet
rubber in benzcne and nrphthe for burninug studies.




Figure &

Effeet of Rubber
Concentration oa
Thickened Gasoline Viscesity
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Work wcs ncxt undurtcken on the use of lotex sinee 1l tex gcums
requircd less ezitrtion for solutiorn, rnd less rubhcer wing required for : giwen
consistency. Lotex gels benzene on nmerely stirring into solution. However,
in norc rneraffinic solvents, tn reid is regquired -3 ¢ co:gulint. Oleie ceid
ves first used usuclly being neutrelized to utilize the sonp rs o fuither
thickening agent. It wes found, however, thrt less cectic zeid 8 requircd,
so this wes used in the later 1otex work. The processing tag s follovs: the
vara (70°F.) gosoline wcs stirred rcopidly with o propellor vhile the Lotex s
~dded, The rcid vrs then cdded, cnd stirring continucd until thickening hid
censed, not over 5 minutes beinc required. The clheli (in 3r=1/3% sclution)
wrs then rdded, and the botch stirred slouly until honogencous. The olhicli
ctused ¢ gront inercasce in viscosity., This | roduced ¢ sutisf: ctory cum vhen
the folloving conditions verc obscrved:

. T chperoture nust not be too low, ¢s this slo s
1. The tomperctu st not be too low, ¢& this slo s
coc. ulr tion,

The tine of stirring nust be lirited, rnd the sociu
not ton . reot, to provent | crmenent depolymerisr tion
of the rubter.

i moderste (107) eoncentr: tion of srom: ties ia rejuircd
to speed co:sulotion,

4. The grsclire rust bo doctor "sueet" ts reretive sulfur
compounds cruse prrii:l loss of viucosity in - feu dzys.

As is showvn in Figure &, the l:tex Lloends recuire much less dry
rubter th:n those ncde from _rocesced rabber. Like - 11 rubber blends, they
sconrnte slightly -t -40°F,, esreci: 11y thoze coazul: ted ith olcie :cia.
Those contrining sodium ceetote ¢-use slight surf:ce rucsting of steel, in
spite of the free ~1krli rcsent,

At this time, the sdveatr s of ereov ruober vore disclosed by the
work nt Hirvord. bBecruse of the porous nfturc of this forr of rubber it dis-
verses rerdily on merely strnding in “he golvent. A ¢ rosult of ite hich
molecul: r weizht, ¢ 5.53 tlend is egqusl in viscosity to 7y smoked sheob. The
investigntion of this moterl:l disclos:d suver:l | crtinent frcets. Svolling
is ruch morc repid in cromctic fu.le thin in Jrp ffinic oncs. Tenpers turc is
cn importcnt fretor, swelling being oxtroncly slow below 47°F. It 1u difficult
to obtoin haouogzencous mixtures by coo:clling sm.ll oreentozes of erene rubber
in fucl, tut homegencvous mixturcs oy be rrde Ly cutiing brck coneuntreted
nixturcs in o kettle vith prddles. The procuet is intarmudicte in structurc
betvein lntex ond smoked shuet bloends, hiving sonae of the [cl-likc body of the
forner.

The shortrge of rubber closcd the nhove lince of investip tion,
aend tests vere made on reelsinmed rubber. This motoricl o) o red ontircly un-
s~tisfretory, sinee it is corposcd of broken dovn rutber - nd vuleonized
matericl, the former heving little or no thiekenlnge oer, :nd the L tter dow
not disperse. In view of the inrdequrte sup 1y of synthatic polyerc, no in-
vestigr tiocn hos becn mede of these thickeners.




B. Soap Thickencd Gesolines

The first socps considercd for usc ¢8 thickeners to ruplece rubber
vere the stringy cluminur ones. Aluainum nechthenste, olucte cnd sterrate were
tosted, but proved very difficult to menufacture. All rcqulroed compounding rt
tbout 250°F., though when the socp content s roduccd to nlout 20% they could
be mixed ¢t cbout 150°F. This nixing required tho use of  ressurc cquipeent,
or the eddition of considerable he:vy oil. Tho clternotive mcthod of cold
bell milling would be very cumbecrsome. The sorp must bu mede by double ducon-
positicn ¢nd should be well weshed for s:ctisfretory rcsults. A11 of these
socps hove buen found unrcelicble cnd difficult to use in greesc mekin.. In
addition, the tempercturc susceptibility roved worsc thin th-t of rubber blends
ccusing the gun to melt end flesh on ignition :nd to tecome very herd st -40°F.
For these recsons, the investigetion of rluminum sonps vies dropped.

Crlcium socps vere clso considercd though the sroduct vis not ot
2ll like £ rubber blend. It is &n 0ld jroccss to el oils 'ith ¢ mixture of
limc and rosin oil to roduce "Sctt Grecscs", snd this could bu donc vwith crso-
line. Howiever, this type of sorp vould be very thixotro_ic, rnd th: gel com-
plotely ctonized on cxplosion. About 25% of non-fuel m-tericl would be ro-
quired.

Tests were clso ede on bztches nrupered by cutting bieck ordincry
eup grecses (mrde from the cooked sorp of perk fot) to & hervy oil consisteney.
These rroducts werc found to be too fluid, snd i ve r flish burn on c¢xploslicn.

A process izs develo;ed for moking ¢ sctt ty.w of rreise fron f:tty
tcids. This tyne wes much lgss thixotro;ic thin the rosin oil nixtures, but
rnore difficult to compound. A gel ucs mirde vith 152 »rueformed sorp ;rescnt,
end the necessery linmc wrs dispersed in it. This groise s then dispersed
in grsoline by stirring, cfter vhich the fotty ceid wes ¢dded. Sctting took
plece in about two hours. The non-fuel contunt '3 chbout 208. This tyvre vill
be investig:ted further.

The ter-line .els usced by the British hrve not bLeen investicor ted,
bectuse the verticcl grs retort corl tor required is not roluce? in sufficicnt
quentities in this country.

The nclted tyre of sodium sorzp ~cl vics studicd by severel investi-
gotors rnd showed scvercl cdventoges; it wns eosy to _rupnre, 7.8 of lov non-
fuel content, enc melted sherply to . thin fluic so thot it eould be pourcd
into ceses. Such a n:tericl, hovever, w8 ¢ Yrittle :el vhich tended to bleed
gesoline, ond required he: ting to cbout 130°F. curing ecompsuncing. This re-
quired either ressurc equipnent or the use of o high flesh, lov-vrpor wessurc
fuel. Lcrge anounts of rlcohol were :1so requirecd to lover the nclting oint,
and no recdily availeble substitute s found. This gel -:e r1lso found to
shatter brdly on explosion, giving o flcsh burn unless ¢ inder vas cdded. For
these re~sons work on this tyse hcs Leen suspended.

The most a:tisf:ctory scup thickener wza ¢ ¢:11 ecompounded sodiun
socp gel (Formule 122) mrde from o nixture of sterrie ond rosin wneids, pl:sti-
cized with v frtty oll. It hed ¢ greesc-like textww, o8 anly icderctely
thixotropie, cnd hed exeellent temper:ture ch:rceteristies.
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The nrocessing wes cs follows: the rosin, stecric ccid, frtty oil
end about 6% hezvy naphthc were melted tozether ct about 200°F. This buse s
a soft solid, melting st about 80°F. About 157 wra dissolved in ¢ grsoline
for the final compoundinz, cnd the temperzature cdjusted to 90-110°F. About
4% of 33-1/3% agqueous cuustic sodr vrs then rdded, tnd dispersed by shaking
or stirring. The mixture set in ¢ few minutes to = semi-solid :nd hcrdened
greduclly in the next 24 hours. Mvny modificc tions of this formule hecve been
tested, in cn effort to increcse the time of set, to vidcn the mixing temperc-
ture renge, and to lover the melting point of the brse. On the besis of
thesc tests, the folloring conclusions were mede:

1. The best grede of stecric ceid for this purpose
vies Hydrofol, ¢ hydrogen:ted fish oil escid.

2. A pood grcde of lump rosin wes required.

3. The best _ro ortions 'crc ti:o of stecric to one
rosin.

Crstor oil ves the best pl: sticizer, thou h
other -ttty oils could be uscd.

Increesing the cxeass of erustic sodr improved
the stcbility slightly.

Repleeing © 1rrze ,rxt of the crustic sod: with
borzx geve & longer sctting time, ~nd mcy have
brordencd the mixing tumporcture ronge.

Further tork is plenncd to dectermine (o) the optimum rrtio of ru-
cetive ingredicnts, (b) thc sbility to substitute vorious f- tty ccids cnd
frtty oils on the besis of av:il:sbility, (¢) ¢ merns for sloving doun the
sctting time to _urmit ensy ficld filling, ~nd (@) m.thods for tdjusting the
mixing tempercture to permit & wider tempersture ronge then 90-110°F.

Formul: 122 ropresunts ¢ solidifiud or thickened grsoline with the
folloving desireble fecturcs: () simple ¢nd ol 8y com\oundinL to ermit
filling in thc ficld so thit empty ¢nd unirmed Lomb cises c:n be tronsported;
(b) the gesoline retcins its good igniti-n chrr:ecturistics cven dom to -40°F.,
(c) the cohcsive ch:r-cteristics cre _ro:tly improved being ebout wquel to
thet obteined vith rubber rums; ond (d) the burninc quit 1ity of the gnsolinu

cquels thot of rny thickoner studicd. Formuls 122 h:s the folloving compo-
sition;

Stceric acid (or hydrofol)
Rosin

3.5 wt.%
1
Cottonsacd oil (or custor oil) 3
1
4

Crustic soda

Heter ‘

Motor cesoline g 88.4
100.0 1

5
8
0
1
4
4
0

vited
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AViILASILITY OF INGREDIENTS RECUIRED
BY FORNULL 122

Hydrofol
Stecric fcid

Rosin (Gum)
Rosin (‘.o00d)

Cottonseed Qil
Ccstor 0il

Fish 0il (Totcl)

Crustic Sod:

¥illion Pounds per

Yerr ilequired to

itilior Peunds Per Yerr Produce 92,000,000
Produced in U, 3. & 4-1b.* Lombs/lionth
1335 1937 1929 12490

= = 4.8 7.5
51 41

850 650

420 450

#) Biscd on £=1b. of Fermuls 120 per & il.-Bombd.
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A 3uggested mcthod for compounding :nd filling Formulc 122 into boml: ccses
in the field is described in xppendix II.

The cvailcbility of the in;redients required for Formulr 122 is
Jresented in Trble 3, cnd cppecrs to jermit production of 9,000,000 bombs
(4-1b,) per month.

i discussion of Jhysiccl testing cnd the results of investi ¢ ting
vrrious gesoline thickencrs is prescnted in Lppendix I.

V. Burning Tests in httic Structures
A. Experimentel Eculoment cnd Procedure

In order to cvrluate the burning chirccturistics of vorious fuels,
wooden test structurcs vere constructed simuleting o scetion of rn i ttic.
Two cenercl tyoes of nttic structure vere employed -- Desizn No. 1 ("americin®
type7 ves built with 2x6 joists rnd x4 r:ftors on 16 inch centers, :nd
wooden bocrds undcrnczth the joists; Desizn No. 2 ("Europezn" tyse) :zs con-
structed with 2x6 joists znd rcfters on 24 inch centors, rnd ¢ lrstered
ceiling undernec th the joists. i non-combustible roof of tr:nsite or sheet
metcl, simulcting corrugited tile, with regulrr shingle 1l:th on 6-7/8 inch
centers were employcd. Drivings of the test structurcs -src shovn in Appendix
Figurcs 4 ¢nd B.

The mejority of tusts were mede on this smcll structure, ojcn on
three sides, reoresenting thet section of on sttic roof ¢:nd floor vithin
6 ft. of the erves lines., Some tests wero modc on r double structurc formid
by pl:eing tvo single structurcs to:iether in ordir to obtiin the uffcet of ¢
complcte roof. Lorge secle tests were conducted in ¢ structure closely
aporoximeting in size o tyolecl sttic (rctucl dimcnsions - 28x14x7 ft.). 4
reploceoble vooden center scetion 1) ft. long wes zeturlly employed for test
wurposes; 9 ft. long uctel cnd scetions woere ctteched merely to urovide on
cir volume roproximetely cquel to thet of o normel :cttie. Tost burnings in
this lerge-scele structure w.cre gunurelly cerricd out with :11 docrs closed
in ordcr to rescmble the zetucl conditions cxisting in ¢ typleel ¢ ttic.

The orocedure employcd for meking tust burns consisted eof plucing
the fuel chrrge on the flooring ot o given distence from the eives, lighting
the fucl, cnd ¢t the completion of the burn dutermining the extent to vhich
the flemues hrd demeged the test structurc. Adejuate ventiletion free from
drufts wis meinteined., In some crscs, the fucl cherge wes flung or smecred
tgoinst the roof leths tnd refters, in “hich instinces ¢ _orticn of the burn-
ing fucl usutlly dropmed to the floor end c.alinued burning there. Tcsts
were mede in vhich the fucl chirge s blorn from ¢ 3 inch dicmcter bomb
cesing tovords the test structurc. For the jurposcs :f thise tests, ¢
"destructive" burn v:s defined ¢s one in rhich cither (1) the fliuis vere
definitely incrcesing ct the end of ten ninutes burning time, or (2) the
structure w.s burned to such rn extent thet it eollrpsed.

Burning tests involving megnesium cnd therm: te vere gencrrlly eir-
ricd out employing ¢ dcuklc thickness (1-3/4 inches) of floor bocrd. It res
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recognized thrt this tost methud metsured solely the cestructive cffoct of
these incendiaries in the ottic structure. Hoever, it w:s found th't the
burning properties of the mesmesiur ind thermritc »ombs in the cttic test
structurcs -cere considerstly cided by the double <:ozclen flooring. Nu o ttempt
hes yet been node to determine the effectiveness .f verisus lucendi:riecs s
reccrds burning thi.u_h Scvercl flours -0 = btuilding.

B. Burning Tests Emoloyvins Rubber Guns

Lt the outset of work on this roblen thu supsly .f the veri.us
tyses »f rubber vas not eriticrlly lindted; conscyuently, = lurge number of
tests verc mrde using rubber guns mede fron letex, crepe rubber, rnd saoked
shcoet rubber cddied to vericus fuels. Deteliled drtr for these tests rre _re-
scnted in sppendix ITI.

The: relotionship eaisting bitveen size f fuel cherze (nd its dis-
tenee fror the ecves fur _wtrolcum cuns conir ining 3-4% by veight £ litex
(cquivclent to 1.8-2.4 <t rubber) is shewn in Figure 5. Mo copreeisdble
deviction fron this curbe s noticed cven vhen uslng such Cifferint fucls
¢8 nentone rnd diescl fuel (i1, ~lthiuzh normel wntur Zrosoline ¢ pcored to
nosscss the optieun bolling renge. This curve elearly demoustrotus tha
cdventroe godned by Dleeing the fusl chirge s nerr r5 posaible b the orves
8, for cxinple, fruem ¢ teil-ejectin bonb,

i sicnifiernt éiffercnee ' os notued in the behevior of ruel chirges
belaw cne und in s8ize :nd thuse rbove two _omnds. Thon using the lerger
fucl chorges it vns found thet the degrec sf westruetive burning s cn-
sidercbly grccter than cith the sneller chirges. Thas, it vea obscrved thut
in the nojority of ceses o destructive burn rosulting from e one psund chorge
ves eonfined to .ne or pusslbly to 3ceti ns of the flowr tnd roof; vherers,
¢ dustructive burn erused by o 3 prund cherge enerally led t= o enllejse - f
tho tist structurc.

The burning chereccteristies of potroleun zums mele with ercpe tnd
smoked shoect rubber vwere essontisrlly identicl  ith those of letex gums, o8
cvidencad by the dete roscatel in Lppencix IID, Letex fums were much lesn
tecky then thosc mede from erce or smoked shecet rubber, cn:d e.nscoucntly,
did nt achere to roof surfoeus os well os the lotter.

In cn cttempt to evelucte the roperty of adhesivity s onlicd to
gum incencirries, numcrous tests ' ore node employing 1 tox, ercpe, ond smok.d
sheet rubber punms in which 211 r ¢ _orti.n of the fucl cherge vis srecred
or throwm ¢ ¢iinst the roof, In no inst:nces, rgirdless of the fudl dis-
tribution beti:een roof en2 floor, wrs thure ¢ :lestruetive burn, clthouzh hed
the fucl chrrge been Dleeed «n the floor ot en cguel distenee froa the erves,
in nost crscs ¢ destructive Lurn resulted. These dote indieited, theref:rg,
th:.t thc neximun cffceetivencess of en incendi:rry metericl in the cttie wues
rerlized vhen pleeing thet asterisl on the floor inste:d f spre:ding the
fucl over the roof ¢nd floor. Fron this it follows thet cdlicsivity is not o
centrolling fietor in develozing suitcble petrolem inecondicrics. Prolinminery
tests (Jppendix IIT, Runs H-41, &1, cnd 62) eloo heve shovn thet the noximum
cffeetivencse . f ¢ siven weight of notericl resulted vhen thet netoricl vis
held t.gethor cs © single lirge  -rticle rothir thon sep roting it into
seversl sncller units.
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C. Burning Tests 1ith Gesoline Sucrs

The linited suwply of rubber in the United Stetcs ¢nd its incroos-
inzly difficult precurcment cfter December 7, 1941, necccssitcted the develeop-
nent of ¢ non-rubber thickening epent. Dxoerinentel wverk wics undertrken,
therefsre, on the usc of verisus sodium stecrnte-ovlecte-rasin sueps in reguler
notor gosoline. Detriled cdite from the burning tests of thesc vorizus soop-
thickcened gesolines cre prescnted in Zppendix ITI.

The relotionshiy existing betwien veight of fuel chrrge ¢né its
distenee from the eaves for gesoline sonps is shoun in Figurc 6. In genercl,
gosoline sorps were equivelent to lotex guns, regerdless of vhether the sorp
ves sreduced ©s o roletively hird gel or c8 o soft gel simil:sr in consistency
to ¢pole-stuce. Howcver, r eiimifiernt differcnce in burning cherreteristies
Vit 8 noticed Leteen rubber sums cnd the goscline socps. Therces the rubboer-
thickened gostlines grve ¢ frst burn vith lirge flermes frow the stert, the
saup-thickened gesalines usuzlly burncd slovly vith moderctely smell flemes
for abrut one minute ¢ fter the strrt of turning. Thus, in .rder to wbtein
the sire degree of destructive burning, the cetive burning time of the geso-
line soeps generclly necied to be -~ f ab ut 4-7 nlnutes durction, ¢s conpered
with the 3-4 minutus retive burning tine for the rubber guns.

It was expected from the noture f thesc suep-thickened gisolines
thet therc would possibly be o grocter tendency t: "bleed" gos<line cr underge
syneresis th:n in thc crse of the rubber-thickined zrs:lincs. Consecucntly,
tn cxtensive Jrogrem ucs undertcken to investiprte the cffeet of vericus
binding rgents, such rs siscl, excelsir, (n? c:tton woste, n the echesion
»f the pessline-socn sels. Detedled deta from the burning tests together
vith ¢ fevr ¢jection tests 'f thesc socns with tinders nre prescnted in
fpoendix III. In genercl, the edditi-n of binding metiricl t. socp-thickened
gr.s:linos inecrcesed the cetive burning time ¢f the fucl cnd simultencously
reduced the fleme v.olumc., Cotton vieste ves the mist effective in this re-
sncet, end siscl the lorst effeetive. Huvewer, numerous tests in which goso-
line sucps ¢ ntoining siscl werce flung cgeinst the rocof of the test rttic
structurc indiected thot siscl imperted nenrly equelly offective cohesive
nroerties to the socp ¢l ©8 did the estt.n weste. 48 rep .rted in the f£o1louw-
inz scetion, cjection tests fr.m & inch bimbs heve sh 'm the desirebility -f
inelulling 1-2¢ of bincer in ~rder t: hcld the fuel cherge together during
firing. Receognizing thet binders rey be difficult t. inc.rpircte in field
crnpounding, further tests cre being cnluctcd t+ deternine if Linders cre
nceessery.

D. Burning Tests vith Mopnesium

In »rder to cumpere ges:line sieps “ith the _rescnt 4-1b. U.S. und
British nmegnesium bomh, tests terc mrde n the strnderd cttic structure with
regnesiun bonbs cnd with hexegoncl megnesium ber st.ck (i:nited by mecns of a
velding torch). Deteiled dutn £or these tests wre rep rted in appendix 111,
tnd ere sunncrized in Figure 7.

The rcsults sh v chrt megnesium n vosden flooring (Design Noo 1)
vrs neirly os ¢ffective ©8 sonp-thickencd ;s line vhen uscd in quantitices of
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c.pproxim:.tely one pound, but thet m:znesium wrs not cs effective s gtsoline
sonp vhen employed in cmounts 're~ter then 2 pounds. It wes found thet mag-
nesium dcme zed the wooden floor of the teat structure much morc intensively
but less extenaivniy then setroleur fuel:i. Ho ever, clthoulk the mmgnesiun
bomt burned throush 1-3/4 inches of voodcn floor, it friled to bturn throuch
1/2 inch thick nle cstered cttic floors simul- ting the ceiling of = room below
the cttic. Then us sing 7. plcstered floor (Dueeisn Ne.o 2) mognesium vppctred to
be even less effectivc. These tests indicivc th-t thickened uesolines cre ot
le: 5t equel to nognesium.

E. Burning Tests with Thermcte

Detoiled drtc cbtrincd from sover:l tcst burns employing the ropnler
U.S. irmy thermite incendirry bomb cre yressnted in ippendix III. The conclu-
sion recnched rogerding the burninr chrrecteristics of thermte wns that it
enucered to be quite incffeetive ir sterting ¢ dustructive burn !n the : ttic
test structurc, ulthon,h it burned throuch L'thor 1-3/4 inchcs cf v.ooden
flooring or 1/2 inch of _liaster. This we iJlurtreted by Lun H-17Z, in which
thce therm: te bomb s erced dircetly cgrinst the coves bo:rd of the test
structure. Somc locrlized drmee vrs donc, but ao self-prop:grting firc
resultcd. This indiertcd thet the ineendicry offcet of thurm-te is :lmost
cntircly dovmvrrd tnd vory loeclized, ns comp rad to the roletively wide-
sprerd, uovord offuet of oil incendirries. Those tusts indierte thet in the
cttic structurc the thermete bomb is quite infurior to cither the mognosium
bomb or tho thickencd gesolinc.

VI. omb Ejcetion Tousts

The tuchinique of c:rrying out wxplosion tosts by cjecting thickened
fucls from bombs, hcs gonc throush sever:l chonies since the stort of the
projeet. The oricinel tust boub consisted of ¢ 5-1b. Juil ¢t the botton of
vhich vrs pliced » powder chember (4" I.D. x 1/4" hlgh) 1ith ¢ lrc ucrea ccrd-
borxrd dicphroga to k-‘p the jouvdzr ¢nd {fuel scprroted. 4 6 in. lungth of
1/4 in. pipc extended from the sovdor chimber to the outside of the _«il ¢nd
& stfety fuse virs inscrted throus: Zh this pinc. Tae il vos anox1m'tely
6 in. dicmeter by S5-1/2 in. hi h .nd hle 3 1b3. of fubl. The borb vos
plreed in o vertiedl 20 gns. of blcek
pondur, sporting grudc, end the dL'ruL of fuel sc'ttcring end i_nition wis
noted., Usutlly the fuel ivcs scttered in smell clecis over & rcdius of 20 ft.
cnd the ignition urs execllent dotm to -£3°F. if ¢ fucl of 10 1b ./8a.n. or
higher RJV.P. wics used.

i morkedly ciffercnt rosult ¢s to serttering wis obteined (Ap unded
IV, cxp. 14) if the bomb wvus ,lceed on its side. The fuel could be heived
¢. considereble distcnee vithcut cxcessive shicttiring. Some improvencnt in
fuel eohesion wrs obtzined by cdding cotton wiste, cxeclsior, siscl, cte.,
£8 ¢ binder to the fucl, clthouch thc nceessity for bindurs his not been
firmly esteblished.,

L~tex blends proved to bu very difficult to iznite “hen ejected
fronm the 3 in. dicmeter bombs vith the powder chasber loerted ot tho bottom.
Cocrse m: zncsium turnings cnd cocl rrticles nixed into the povder .did not
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hely ignition. Leter it wms found thet a long nerrow tube (/8 in. radio
spaghetti tubing) completely filled with jowder, pleced coaxielly in the bomb,
produced sood ignition. Formula 1%%Z fuels cre ot ts difficult to ignite cs
the latex fuels :nd the importence of the couxiel powder tubc is not us _rest
with the gtsoline svaps.

The results of 211 the exjloeion tests are ziven in Apnindix IV cnd
mey be summarized as folloviss

1. Gasoline vith ¢ Recid vepor sressurc of ct lecst
10 1b./sq.in. ct 100°F, is reguired to insure
inition £t the lov tcmpercturcs encountered ot
hish eltitudes (-40°F.).

Herd setting gasolinc greeses erc not suitible
beccuse thoy shrtter excessively and f1ish-burn
in mid-uir.

Fubber Jcls (5.5% erepc) end soft non-bleeding
mosoline socp (Formula 122) _ive the bect rosults
biccuse they do not shitier unauly znd pive de-
sircble burning cherceteristies.

Bindcre such as siscl rud execlsior +hile imjortrnt
in the scettering tynpe of bomb, are not quite co
importent in tail-ejecticn Lombs vhere the serttoer-
ing of the fucl ia reduced. Ho.ver, sufficiunt
srork Lirs not yot been done tc show vhethoer binders
ciin be excluded.

VII. Dusirn tnd Testing of 8m: 11 Pctroleum Incendicry Bombs

Test dr te hove sho'm thot the wmost effuctive method of burning the
test cttic structurcs consisted in plieing the fucl chirge o8 noir the coves
line es possiblc. In order to essarc the plcelng of the fucl necr the erves,
= bomb hes been construeted in vhickh the fucl is ciuetud from the teil wfter
the bomb hes come: to rest. The cdventiges of heving the incendizry me tericl
throtn cgeinst surrounding ohjeets :ra obvious.

Prclinminory design studiovs hrve shoun the desirability of using =
bomb czsing of minimum wall thicknees in order to obtrin the maximum fusl
content. Horiver, it is understood thrt ths Lrmy iir Corns vould be opposcd
to cesc thicknesses less then 20 sope (4035 in.). It is :1so understood
thet ¢ny chenge in nosc fuss desizn over those now ¢ roved forr the 4--1b.
therm: te or the M-4€ =nd =47 (1! 198) bombs mi_ht rcsult in considercble
delay in obtoining fincl cnsrovel for e nevw inecendicry. Conscquently, tuo
bomb dusiins wre now under develoomont, both being of the tril cicetion tyoo
eyoroxim: tely 15 in. long cnd 3 in. dirmcter with ¢ eloth sirc:mer to hilp
control bzllistic and tirminrl wvileeity chirceturisties. Tiae first Jdesi n
utilizes & 20 pe_ e eis. with the stindrrd ther te nosc fuse (scu £2undix
Figure C) -ith :n estim: ted ross ucisht of 5.6 1b. cnd cont:inin: 2.0 1lb.
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of fucl (Fornule 1£2). The sceond design will incoraor: te the minirum well
thickness consistint «ith jood impact resistonce tozether vith o nov light
woight fuze desiyn (sec ippindix Fizures D and E). Tests cre under wey to
deternine this mininun czse thickness, but If 28 grge me teritl een be used,
then this bomb would hive rn estimated gross vweipht of 4.0 1b. ind vould
contein £.2 1b. of fuel. This letter desipn lends itself to nothods nou:
used in can production. /4s shoun in Toblu 4, the 28 poge cuse ond new fugze
desizn inprove the ratic of fucl to gross weizht, end either desicn of oil
bomb shows on cdventeigc over the magnesium ond thermete bonbs vhen cenpr red
on ¢ besis of culorific volue per bowb or er unit ueight of boub.

Firingc tests hove shoun thet tho crn scoa doveloped by Continentol
Ccn Co. is suitrble fer use in so fur as vithstinéding the potder cxplosion
is concernzd. This tyjc of secm is limfted te €8 grre or thinner netcl. If
20 gtee metrl is required, the bond cosing mey be mude of sermless, lep-in:lded
or butt-velded tubing.

Further tests crc under wey vherein the 20 grpe ¢nd 28 goge cescs
will Le fired from o mortsr into o roof structurc to detornine thu impect
resistonce ond irnition cnd bhurning cherceteristics obtrined with both the
thick and thin crses. Tests will clso Lic conducted vith the stondurd ond
nc fuzes.

Acenrding to _resiud informe tion, these bombs will be crrried in =
bomb c¢rib 15 inches dinmctur by 61 inches long with ¢ meximum permissible
weight of 120 pcunds. The proposed & ineh 2irncior bonmb :ill thus permit
¢ bundle of 19 bonbs which will weigh epproxiicc tely 100 pounds, ¢ lthough
this _roccdure will lecve rbout threc-fourths of the erib enpty. Vei:ht
linitcticns uside, four bundles (76 benbs) with 15-1/4 ineh m: xirun bonb
length or threc btundles (57 tombs) with 20 inch meximum bord length could be
cerricd.

Presont developnent is concerned vith @ bomb of ¢ pproxinm: tely 4 1b.
gross weight to be coroxirstely eguel in cffectivencss to the 4-1b. mzgne-
sium bomb. Additionsl dote ere uccded te wstiblish the optimum size of oil
bomb ¢nd tests cre in progress on verious types of structurcs to determnine
the nost cffeetivetomb sine, hich mey e lir_ur thin 4 1b,

VITI. PFuture York

1. i mortir hes been tnilt fren vhich berbs will be fired through
typicel roof constructicr in arder to deteruinc (1) the necesscrr cusing ¢cnd
nosc strength, (2) velociticvs corresjonding t- roof ¢netrition tlone ¢nd
rocf plus pl:stercd eciling _enetretlon, (3) tirw: deley necess:iry to insure
fucl discherge below the rouf, end (4) the rclizbility of fuze design.

2. Further zi.soline soc) verk is under wey to imercesc the gelling
time during compounding, to deerc:se the temporcture linltiticns required for
nixing the soep (nd gesolinc, :nd to provide the videst runge in sunstitution
of inrredicnts.

3. Seversl other :ttie designs will be studied to detcrmine the
optimur: fucl eherge required for on cffective smell sized til bomb.




IX. Conclusions

The Development steff hes recched the following hichly tentctive
conclusions:

2) It ic believed thet : 4-1b. nir-borne oil incendicry Lomb
more cffeetive (per ton of bombs relersed) thcn the 4-1b. therm:te Lowb end
vwossibly ns effective cy the 4-1b. ncgnesium bomb for firing light ctructures
and pcrhops debris will result jrovided the 4-1b. oil incendiiry pnsscsses
the following churecteristics:

1) & bomb ccse cpyroximetely 3 inches in dicreter
with & Ylack powder bursting chiryu vhich will ciuse
teil cjection of the bomb contents #s neirly cs pos-
sibtle v8 o single discrcet porticle for & distunce
of cnproximetely 20 feet from the oint ot which the
bemb comes to rest.

I;nition of ¢ll ;crticles ossurcd through use of «n
irnition tube vhich ill bring thc bomb contents
during cjection into contuct vith prri of the flome
produced by the black nouwder bursting churge.

A boub desi ned to incerporete the [rineiples ox-
nresscd cbove znpecrs e lend itsclf to mrss [roduc-
tion with ovsilable ingrediznts ond metericls.  Such
& bomb ccn be mcde to meet the s-foty requircnents
of the frmy rir Corps tnd Chemie:1l Vierfire Scrvice
ir so frr cs these sefety reguircments hove been
disclosud.
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PPENDIX
.. SOLINE THICKENERS

Physicel Test

The viscosity wecs ct first determined by the frlling b:1l method
recommended ¢t Horverd. In this test, ¢ 5/32" still bell is timed for ¢
fcll of 10 cm. This method frils on lotex blunds, since the slicht rigidity
of the blcnd suspends the bill indefinitely. The G:rdner liobilometer wes,
therefore, cdopted for control tests. This consists of ¢ tubc 20 cm. long
cnd 3.5 em. I.D., in vhich moves ¢ loose-fitting perforntcd piston vhich
mey be londed. For this puriposc the dston disk hed four 1/4" holes. The
lord vwrs so adjusted that the time of fell wes ¢pproxim:tely 100 seconds.
The viscosity s coleul: ted os "stokes = 0.250 x lord x time", the constent
hcving becn detuermined by tcsts on knom oils. It wes found thut the curve
stockes vs, timc ws o streight linu on log-log pepur, so that cny two locds
end times scrvid to determine the viscosity ot 100 sceonds. The viscosity
of =uch blcnds verics grestly ith the flow rete, cnd the 100 suconds time
represents ¢ rote similer to running do'm o voerticel well.

The mobllometer is not suiteble for the svcp-thickencd jroducts,
so the a.8.T.i. grerse ponctrometer wes used. This instrumcnt uses o
doublc-piteh conc weighing 150 groms. The distince is ternth-millimctors
genetrated in 5 sceonds is reported ns the penctration.

The eparent densities of lotex and sow» blends heve been determ-
inud. The 1otex blend, vhich contcined some tir, wes 0.729z/cc., +nd the
sorp nixture (Formule 122) vos 0.750g/cc.

Vupor pressurce tests were mede on ¢ for botches, using © modified
Reid vepor pressurc bemb, and the results worc found to agrec perfectly
with those on the unthickencd fucl. Blicding tnd shrinksge tests *vwre mrde
by visurl obscrvation. Stobility uwrs Judged by enctrotions ¢fter storcge,
shcking onc¢ hour in ¢ lrborstory shiker, tnd freczing to -40°F.

The heit tronsfer cherecteristics of Boteh 42 (Letex blend) were
studicd by coolinyg tests in cn rir brth ot 0°F, The tests were of forced
@nd nttursl convection of the cooling mcdium over = typic:l tomb cosc. The
heat tronsmission wrs of the unsterdy stete type. The dote ves correleted
by usc of Gurncy-Lurie ch:rts vhich geve inte;rited forms of tho difforenticl
cooling once time-tempercture-position ratios were estcblished.

The tests showed thot cooling wes rel: tively repid end thet in
norncl bombing opercticns of tuo or thrce hours durrtion tt high «1ltitudes
would rcsult in cooling the fucl bombs to the tempercture of the surround-
ings. This nerns thrt igniticn of the incencizry fucl rust occur ot temperc-
tures in the range of -40°T,, requiring the fucl to heve rn cdequate vopor
pressurc ot this tumpercture to sive unfriling ignition. This stisuletion
demends use of o fucl similer to ¢ 400° T.P. motor gesoline of et lerst
10 1t. Reid wrpor sressure.




Lgooendix T
Prgo2.
Physic:l constents determined cres
= 0.61 stu/? x °F.
45.5 3/£¢%

0.17 Btu/hr. x £t° x °F. x £t~t

1.80 Btu/hr. x £t2 x °F. (nrturcl conveetion,

tnticipctud in orercticn vrith bomb bay closcd).
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bppendix II
e 1.

APPENDIX 11

CUGGESTED METHOD FOR COMPOUNDING 4ND
FILLING FORMULA 128 IN THE FIELD

In plcces vhere rubber is avoileble, it may be used ¢s ¢ sat-
isfzetory thickening rgent. The crepe rubber is cut or torn into strips
chout cne inch ide, cnd 5.5-6% is stuffed into thc empty bomb cuses (10 nz.
in cn M-46 ccse, or 2 1b. 3 oz. in on M-47 cesec). The corses tre then
filled to 905 of their velure with wotor gr.soline, ceoppud @nd rllowed to
stend in & vern olece (not iess than 70°F., oreferebly 100°F.) for two duys.

Vherce it is desired to usc the greoline sonp, tuvo rocdr-mede
sunolicvs must be aveilible, nemely, Brse "a" deseribed below, ind czustic
sodc.. Brsc "4" cin be preprred in demestic plents using the folloving
fornulz:

Hylirasenotod fish oil neid - 6.6
Wood or pum rosin, W.G. Cride - 10,15
Crstor vil, No. 3 Gride - 20.15
Hurvy nophthe, 1000F, Flosh - 44.3%

In the ficld 45 2:llens of znasoline ore mecsurcd into on open-
herd Arum and verncd to 95°F, b meens of ¢ stocom coil or electric he:ters.
To this is udded 50 lb. (7-1/3 ;cllons) of Brse "', vhich should be’
stirrcd before mezsuring. To this is then odded 4 1b. of cocustic sodu
(1ye) dissolved in 'ne grllon f weter. The mixturc is well stirred with
¢. prddle cduring the ~ddition of the lye, ond fur ¢ few minutes thercoftoer.
The gesuline will thicken ropidly. It is then recdy to £ill into bomb
ccces, using lirge grecse Jums or crdinery dip;urs. Oceosiontl stirring
will keep the groesse zoft cnough to ocur for rb-ut enc hrur. (Note—-Usucl
srecrutions required fur hendling ethyl gesolines should be nbserved).

Ficld supplics required ire:

52 gnllon open-herd drune of desc Wil,

4 1b, cins ~f lye (crustic sode).

Oncn-heod 82 grllon nmixing drun.

Her tor ¢4l ond sternm sugply or wlectric hecter
tnd current.

5 grllon mersure, greducted in 1/5 g2 11loms.,

Gresse zun or leree funncl end dipoer.

If desired, the nixing ecn Le donce 2ireetly in the bomb ctses,
bty sheking well ofter #20ition of Basc "a" rnid ¢ nin ofter cddition of lye
soluticn., This is recommended nly for the M-4€ or E-i7 crsc, vhich is
of a convenlent size,
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ABSTRACT:
A quarterly report is given on the devel t of ofl § diary bombs. Burning tests
have been carried cut in several attic structures in which the destructiveness and
completeness of any fire are taken as criteria, and special attention has been paid to
developing mixtures and methods of application which would cause destructive attic
fires. It has been found that attic structures can be destructively burned with the minimum
amount of fuel if the incendiary 18 placed near or discharged into the eaves line where roof
lath and rafters serve as kindling. Results show that with a given weight of fuel located
at a given distance from the eaves, thickened gasoline is equal to magnesium and is distinctly
superfor to thermate. Gasoline-rubber gums and gasoline soaps are equally effective in
non-explosive bombs.

DISTRIBUTION: Copies of this report obtainable from Air Decuments Division; Attn: MCIDXD
DIVISION: Ordnance and Armament {22) 22 | SUBJECT HEADINGS: Bombs, Incendiary - Development
SECTION: Chemicals and Incendiaries (11) '7 (17440.5)
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