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I. Abstract 

A quarterly progress report outlining the Standerd Oil Development Com- 
pany's work under N.D.R.C. Project No. 199, Contract OEMsr-183 on the development 
of air-borne incendiary bombs to provide ■ substitute for the present 4-lb. 
magnesium bomb mty be summarized as follows: 

A. The preponderance of official information is to the effect that most incendi- 
aries come to rest in attics end hence many or most fires started by such incendi- 
aries initially vere attic fires. In view of this information" primary •<. ttention 
has beer, paid to developing mixtures and methods of application which would ctuse 
destructive attic fires. It has been assumed temporarily thct t technique success- 
ful in this direction would also be satisfactory as regards ability to fire other 
structuresas well. It has been found that attic structures cm be destructively 
burned with the minimum amount of fuel if the incendi; ry is placed near or dis- 
charged into the eaves line where the roof lath end rifters serve as kindling. 

B. Petroleum mixtures of 10 to 12 pounds per sq.in. Reid vapor pressure, corres- 
ponding to aver*ge motor gasoline, give satisfactory ignition characteristics down 
to -40°F. <nd c; n be handled in light Height containers (with .roper allowance 
for outage) up to 150°F. 

C. Light petroleum fuels, auch as pent* nt- or lighter and unthickened go.soline give 
rapid, flaah burns which are ineffective. Hocvy oils, 3uch as gas oil or fuel oil 
give long burning but too low flames and rre difficult to ignite at low tempera- 
tures. Gasolines or naphthas having final boiling points of from 250 to 500°F. when 
properly thickened v.'ith rubber or soaps, do not flash burn nor bleed unduly, rre 
long burning, ; re adhesive tnd cohesive, and give the most effective destruction 
for o given weight of fuel. 

D. Studies af various thickening t gents* h.'ve shown that (1) if rubber is used, 
less l.- tex than crope or smoked 3hoet is required for t ^iven degree of thickening, 
(2) crepe rubber is simplest in application since strips of crepe may be immersed 
in the gasoline :nd thickening is accomplished without hurting or stirring, (3) 
cold sott gasoline soaps dublierte- the burning characteristics of these gasoline- 
rubber gums, mtint: in their consistency reasonably well from 150° to -40°F., do 
not blued unduly or flash burn, tnd can be compounded by a simple technique which 
it is believed can be readily applied in the field. 

The irwst satisfactory gasoline soap, Formula 122, has the following 
composition: 

Sterric acid (or hydrofol) ?.5 wt.ff 
Rosin 1.8  " 
Cottonseed oil (or castor oil) £..0  » 
Caustic soda 1.1  " 
Ittw 2.2  " 
Motor gasoline 31.4  » 

100.0 wt.Jg 

E. Burning tests have been carried out in several iittLc structures in which 
destructivenesc tnd cemple boQSM of ■• ny fire s re taken as the criteria. Various 
attic structures hjve shown the seme goner; 1 conclusions: 
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1. With a given weight of fuel loci ted rt a ^iven distance 
from the eaves, thickened grsoline is e.-paal to magnesium 
tnd is distinctly superior to thermate. 

2. Gasoline-rubber gums end grsoline soaps tre equally 
effective. 

~t 

3. Destructive fires rre not started by discharging discreet 
'«articles into and adhering onto the underside of the 
roof, near the ridge pole. 

4. A given i eight of fuel •..•hich causes a destructive fire 
when fires on a 3ingle discreet pertiele may not start r 
destructive fire if 3ep£.ratod into several smrller 
particles. 

5. Gasoline soaps discharged from the end of ; 3 inch diameter 
bomb into the eave3 line gey ciu3« destructive fires with 
as little as 2 pounds of fuel. 

F. Preliminary designs indicate thrt c  bomb of ap;-roxiniftely 4 pounds total 
•veight will contain approximately 2 pounds of so; p thickened gasoline. It is 
believed thrt such a bomb vill be not-rly as effective ts the 4-lb. mr.^-nesiun bomb 
(1.2 lb. of megneciun) and distinctly su.erior to the .resent standard 4-lb. 
thermate bomb. 

G. Further work is planned including the testing of 4-lb. grsoline soap bombs by 
projecting thorn from a mortar throuji typical roof structures to .emit final 
data for design purposes. 

II. Introduction 

A. Pur lose of the Report 

The purpose of this report is (a) to outline the ^ro^ress of the 
Standard Oil Development Company's work for N.D.R.C. to drte (i.e. fror. October £0, 
1941 to Janurry 20,* 1942) on development of sir-borne incendiary bombs and (b) to 
present Devclopm.nt's tcntrtive conclusions based on data obtained from Professor 
L. F. Ficser of Harvrrd, from Mr. S. |, Adey of the British Petroleum (Warfare) 

•   Board, and fror Development's own investigations. 

B. Statement of the Problem 

The primary problem as understood by the St. ndrrd Oil Development Com- 
pany is the development* of an air-borne oil type incendi; ry bomb a.pnrot ching rs 
necrly as .ossiblethe effectiveness of the present 4-lb. magnesium incendiary for 
firing either (c) debri3 produced from ordinrry wood end brick structures by the 
action of demolition bombs, or (b) ordimry light construction such as wood or 
brick v/r.lled dwellings, shops, warehouses, rad light factory construction. 

The .roblem is understood to be further sub-divided into (r.) the ev riles 
possible development of an imnedit te substitute for the 4-lb. magnesia-! boi..b tnd 
replacement for* the thermite bomb until It te 1942, at -..hich time adequate supplies 
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of magnesium r*re expected to become av.ilrble, rnd (t) development, if possible, 
over vh.tever development period is r.ecessrry, of rn oil ty^e incendiary bomb 
rs c srtisföctory long-term replacement of or supplement to the 4-lb. r.cgne3iun 
incendiary bomb. 

The preponderance of official inform-'.tion made i v; ilable thus frr is 
to the effect thrt most incendir.ries come to rest in attics ana thorofor* most 
of the f iros in dwellings .;hich have been started by incendiaries hi ve initi: 11;. 
been attic fires. Firing of attic structures, therefore, hri been trkua ni the 
first objective on the assumption th: t r bomb of maximum effectiveness for 
causing destructive .-ttic firos could be made equally effective for firi.ig 
other parts of thi. structure or debric rs '.ell. It has nlso bran assumed thrt 
the attics hr«Ci been cl..rred of rubbish is  a .T.jlim.ln: ry ; ir-r: id proe: ution 
rnd therefore i.uxili; ry kindling Br.terlrl is rbj:.nt. 

III. Fuel Quality 

As sho'.m in Table i, hydroc- rbon fuels hi ve gru U-r a: lorific vr.lues 
thin an equal -..'eight or volume of thi.r.iite or magnesium rnd hence the •■ork thus 
frr has de:It .rincip; lly with v rious petroleum mixtures. 

A. Ipnition Chrrrcteristlcs of Hidroc rbon Fuels 

An import; nt requirement of i hydroc rbon furl for use in :n in- 
cendif ry bomb is that it be re.* diiy lfpitrble under rll tei per; ture conciitions 
to which it r.'.y be subjected. Hydroc: rbon fuels cm be ignited and .ill con- 
tinue to burr, if the fuel temper.-.ture is abovf its fir.; point. KeroseiH , for 
oxrnple, has : fire point slightly -'cove 110°F. rnd therefore is not suitable 
for ignition :t o room temperature of 60°F. Slnoc the bo,.;bs rr* cirri, d ft 
high altitudes for consider; ble y«rlo4l of time, jt is quite probable Hut the 
fuel temper; ture in the bomb '..-.ill appro: ch th: t of the surrounding I tnosohoro 
(see Appendix I). 

Temperatures ft altitudes re; ched in bomber flights '..re rs Low ; 3 
-40°F. and therefore the fuel should heve ; fire point below this temper; ture. 
The volatility of the fuel controls tha fire point, \;hich is not re■ dily 
determined directly /ith precision rt. lo: temper.' tures .rid i ccoruin^ly the Reid 
vapor pressure c.t 100°F. in pounds .er lojuf re inch has been 'üopted rs the cri- 
terion for the suitability of c fuel for low temperature ignition. 

The relationship of Reid v£ por .ressurr. ;.t 100°F. in lt./£,..in. to 
the flesh rnd fire point is give.] in Table C, for synthi.tic blends of but; no 
rnd korosi.no. The boat inform: tion on the required R.V.P., hi.over, is determ 
incd by filling e bonb with the fuel in o.uostiori, cooling to -40 or -60°F. and 
exploding the bomb. Such te3ts (see Appendix IV) indicr te th-- t I fuel Js re- 
quired with ; K.V.P. of 10 to 12  lb./a..in. rt 100°F. Viator gr; de motor gaso- 
line is the most generally cvril-. bl-.- fae.1 for Booting this re pairement. 
Aviation g; soline (7 Ib./s^.in. R.V.P.) i3 not considered to be suitable. 

B. Tire—Temper, ture nelr tionshios for Eurniri, Fuels 

In order to ov: lurte the v; rious fuels employed in this -erk "ith 
reg! rd to flame duration rnd maximum temper-'turo, c test ipparatus •:/ s con- 
structed which csBontir.lly comprised eijit thermocouples suspended by -\.;ns of 
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Table  1 

iggat  of OOgbUgtlffl of Varicu3 FUPIS 

3esis-Pure Fuel 
B Btu/ 

Thermite 
Aluminum 
"apnerium 
Pine \'l-:ni 
Co^l 

Btu/Lb, 

13>^00 
10,780 
9,201 
14,000 

cu.ft.  Ptu/Brmb of Fomb 
244*    2,340    624 

Basis-4 Lb. hrmt    
rtu/Lt. I.I E-tu/ou.ft, 

Fuel 0il-12»AFI 18,400 
Motor Gasoline 18,800 

2210 
1158 
310 
843 

1130 
880 

14,115 3be* 

cf Bomb 
 12— 

473 

39,600***.9900 652 i * 

* Based on packing at 4000 f/sq«la« 
** Assumed to be tailless to be equipped with streamers. 

k** Est, at 2,2 lb. gasnlinp-sonp per tomb. 

Tabl>- 2 

I".IJITI:.;J QUALITIES 

RELATIONSHIP OF REID VAP-. R PRESSURE TO FLASH AMD FIRE 
 Zl UNTKICKKHED FUELS          

25/fc n-butane,  75$ Kerc.(Varscl 
.   ; " 805&      " » 
Ibi " 35%      ■ " 
A: » 93$      " " 

•>,] » lOOf       " " 
MCtor Benzol   (90$ Benzene) 
LU-ht P.O.  Naphtha 

Reid Flush*  Fire* 
Vapor Pi't BBUrs i-'^Ir.t     i'rir.t 

Nc .1)16 lb./Si.in. -4 5«!• . 
"    15.2 
"    12,5 -40 
"       8.0 -43 

4.8 -43 
0 +1C5 

-40*7 
-40 
-4- 
-40 
♦ 20 

+115 
3.5 
-.J 

+5**     +24** 
-40 -40 

*  Open  ?up flash and  fire  test, 
** Solid  benzene  present and  temperatures may bf  in error. 

3/11/42 
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e steel frauev/ork r.t vr.rying distrnces above r.n open dish contclning the burning 
fuel (set Figure i). A cylindrical Phi-Id mounted on legs protected the flr>.nes 
fron str.-y drr.ft3. The dimensions of the steel framework were identic: 1 l ith 
those of the '„'oodün test structure used by Professor L. F. Fieser :.t H.-rvr.rd 
University. Temperatures v.ere recorded by photographing Meters connected iith 
the thermocouples. 

The lighter hydrocarbon fuels, nuch rs g.-golino, gc.VL  rppr.ci-.bly 
higher fl:me tenperr.tures for :. shorter durction thm did the huivit r <üs, such 
■'S Diesel fuel. This Bt.l rcconprnicd in the c: so of the lighter fuels b..- :. 
lr.rgc fir me volume, •..-heroes with the ho:vy fuel3 thu fir nes tended to rooclB 
srr 11 -nd lo\;. In Figure 2 rre shown typict.l dr.tr obtrined -hen burnin;. (1) c 
light BOjfctfae (120-260°F.B.P.; frrction, (2) r her.vy nr.phthr (30O-400°F.B.P.) 
fraction, -nd (S) r. Diesel fuel oil (4'J0-600°F.ü.P.) blended v.ith 50^ gr.soline 
for ignition ..urposes. The relatively hi:,h temper-ture-s (1800°F.) end short 
burning time (250 seconds) rssoci-tod with the light nt.phthr., :nd the long 
burning time (!300+ seconds) -nd relr.tively low tenporr.tures (1300°F.) of the 
Diesel oil, ss well is  the interoedi; te chr R cturi3tics of the her.vy nrphthr. 
fraction rre cierrly evident. 

In DB i.ttempt to incre; so the burning tine of the light nrphthr. frr.c- 
tion ithout srerificing I ny of its high tamper; turo r.dv;ntr.ce, vrrious mrtor- 
irls, such rs 1: tex, crepe, end smoked shoet rubber, v^ro U3ed -;S thickening 
rgents. Figiuv 3 shows thi. dr. tl obtr.ined BBOB burning (l) 456 lr.tox in light 
nrphthr, (2) V,'  ir.tex in hervy nt.phthr., f.ncl (3) 4£ It tex in piosel fuol oil. 
By compr.rirson " ith Figure 1, it will be s^.n th'.t the r.ddition of 4Jt Ii tex in- 

tive burning tine of the light n:.phth- oy 20-X0}>, 'ith littl«. 
The effect of the lr tex on the Diesel fuel wr.s 
OB the light nrphthr; the ho: vi^r oils m.re ..itdi. 
ehe v.ick action of the gel structure. Ho-.ever, 

it is slgnlf let nt thr.t thv-je her vier fu^ls did not _ reduce r.3 hot flcnus :.s 
the light nrphthi., oven though their burning rr.te vet considerrbly incre" sed. 
On the bnsis of these drtc <nd similir tests employing crepe ; nd smoked sheet 
rubber, rnd burring in r.ind supply consider: tions es well rs the fuel chtrcc- 
teristics necessr.ry lor ignition, t petroleum frrction boiling from r.bout 100- 
400°F. (regulrr motor g: 3oli.ne) hl s ben selected r.a the bc3t br.se stock for 
petroleum incendi: ry bombs. 

crocscd the 
decrorse in fir me t<.mporr.ture 
auite different from its effect 
to burn fr.stor, .;rob: bly due tc 

IV. Fuel Thickeners 

Ecriy burning tests h;.d sho n thrt thickened gr.soliaos hrd good igni- 
tion chr.rr.cturistics rnd ;.r.ve long burninw, high tonporr.ture firaus. Thickened 
fuels .-.lso ,<OMC8fCd the r.dvrnt; gc of boin^ cohesive, thus preventing flrsh 
firing :.nd sir tturlog "hen ejected fron r bomb. 

A. Rubber Gums 

The British hrd investigated the o^rlti of bOBMBS thickened nlth 
rubber .-.nd further  ..ork hc.s been done on rubber guns :t Hr.rvrrd.    On tiie bc.sis 
of this «.rrly -ork,  tv;o strndrrd ^.uns v;i,re prcpi.rod by dispersing smoked sheet 
rubber in benzine :.nd nrphthi   for burning studies. 
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Work uns next undertaken on the use of Jr.ti.x since L( tcx gur,3 
rc-ouirca less cgit'tion for solutior, -nd loss rubber .;r.s required for i given 
consistency. Latex gels benzene on merely stirring into solution. However( 
in noro pi rr;ff inic solvents, :n cold is required '3 t  cotgulcnt. Oleic rcid 
wr.s first used usuclly being neutralized to utilize the so.-.p rs ;. further 
thickening agent. It v;rs found, however, thrt lo3S r.cetic :..ciri na  required, 
so this vr.s used in the lr.ter lr tex work. The processing :: s ;s follo\.'8j the 
Bam (70°F.) grsoline ;,r.s stirred rcpidly .;ith ■' propt-llor while the 1: tex vr.a 
•ddca. The rcid v: s then r.dc'.ed, rnd stirrinw continue! until thickening hi d 
ce-Sed, not ove-r 5 ninutes being required. The rlkcü (in 5?-l/8jS Bolutlou) 
■..•rs then r.dded, r.nd the brtch Btirred slo-.ly until hoi\ogen..ous. Thu clktli 
ccused r grer.t increr.se in viscosity. This , reduced r nr.tisf ctory ^u:n \ her 
tiie following conditions \:ere otsr.rvod: 

1. The tenporr.ture nu3t not be too lov, te  this Bio s 
cor.wul: tion. 

2. The time of stirrin: ist be liritc nd the spe.ii 
not too ^re t, to pri.Vv.nt .eminent ui polyn.ri"; tion 
of the rubber• 

3. £ BOderr.te (10;?) concontr: tior. of iror.tics is required 
to speed co: gu.lr.tion. 

4. The crsollnu r.ust be doctor "s\.\..etr re( etiVk sulfur 
compounds cruse pt rti: 1 loss of viueouity in : fee drys. 

As is shorn in Figure ■!, the !.: tux blonds require much less dry 
rubber then those nr.de from t rocesrtd ru'-tor. Like ■ il rubber blends, the; 
sep-rrte slightly t -40JF., especi' Lly those eongul- ted  ith oldie ;cLa. 
Those containing sodium r.cetcte e-use slijjit Burf; ce rusl i;:^ 
spite :->f the free rllcr.li .-resent. 

•f :;toel, 

At this  time,  the -dv-nt-wi.s of crepe rubber ii-rt disclosed by th<; 
work nt H.-rvrrd.    Beoruse of the porous n; tun.  of this forr. of rubber It dis- 
perses re: dily on merely itrndlng in 'he- solvent.    At.- ■   r^..-.ult of its high 
moleeulrT weight, ■•   5.5* blond id o^u:.l in viscosity to 7J^ smokca sheet.    Bw 
Investigation of this mcterirl disclosed severe! . ortlnent f-cts.    Spelling 
is r.uch more   rrpid In rromrtic i'u lc  then  in ..-rffinic ones.    Tempereturo in 
en import; nt factor,  smiling being extri raw ly slov: bclovr 40°P, It iifficuxt 
to obt: in homogeneous mixtures by r■.■..Hing sn-.ll percentages of crept   rubber 
in fuel, but homogeneous mixtures ncy be rafio* by cutting b; ck concentrated 
mixture!  '.n e kettle r.ith peddles.    The product is  intiaT.edir.te in structure 
betreen lr.tox ;nd sr.:okod sheet bli nds, hiving Bont   of th^   ^el-likc   body of tho 
forr.icr. 

The  short-gt  of rubber closed the .-.i-ovi.  lines of investigation, 
r.nd tests were rar.de on reclr.iraed rubber.    This r;..-tv.ri.- L -p^e-iel entlruly un- 
sr tisf: ctory,  sine«: it. is conposed of broken dovn rubber "nd vulcrnisad 
mcterlrl, the former hrvlng little or no thickening , o-e-r, rnd the  v tter dou£ 
not disperse,    in vis* of the inr.dequr.tc supply of synthetic polycioro, no in- 
vestlgctlon ht.s been racde of thc3o thickenora. 



B. Soap Thickened Gasolines 

The first soaps considered for use el thickeners to replace rubber 
verc the stringy aluminum ones. Aluminum m phthen: to, ole-r.to rnd at«: crate vere 
tested, but proved very difficult to manufacture. All required compounding rt 
about 250°F.*, though when the soc.p content utM  reduced to about 20£ they could 
be mixed at about 150°F. This nixing required the use of ttUNn equipment, 
or the addition of considerable hecvy oil. The r.ltornrtivo method of cold 
ball milling v/ould be very cumbersome. The soap must bu mc.de by double decom- 
position :nd should be v/ell wr3hed for satisfactory results. All of thost 
sorps have been found unreliable end difficult to use in grease racking. In 
addition, the temperature susceptibility .roved vorsc than tlrt of rubber blende 
causing the gun to melt rnd flash on ignition *nd to become- very hard rt -40°F. 
For these reasons, the investigation of aluminum soaps era dropped. 

Calcium sorps vere : lso considered though the product v:..s not rt 
ell like r.  rubber blond. It i3 r.n old process to ^cl oils • 1th C mixture of 
lime end rosin eil to ,ro-.'uee "Sett Greases", md thie could be done vith grso- 
line. Hov.ever, this type of sorp \ ould be very thixotro.ic, rnd th.. £cl com- 
pletely atomized en explosion. About 25£ of non-fuel at turirl would bo re- 
quired . 

Tests MR rlso pr.de on batches prepcrod by cutting back ordinary 
oup greases (rrde from the- cooked sorp of perk f: t) to a hevy oil consistency. 
These .Toducts \:ere found to bo too fluid, rnd ty ve r fli sh biun on explosion. 

A process m s dovelo. od for making r Bctt type of wrti so fron f: tty 
acids. This type MM much less thixotro.lc ihm the rosin oil Mixtures, but 
nore difficult to compound. A gel veg ;v rtc ith 15£ pri.forr.ed sorp present, 
rnd the necessrry line \rs dispersed in it. This gre: sc V s then dijpe-rseu 
in gasoline by stirring, rfter vhich the f;tty acid vrs cddeJ. Setting took 
piece in about two hour3. The non-fuel content u 3 about 2(#. This tyre i.ill 
be investigated further. 

The trr-lime jzla  used by the" British have not be-on inv«,stigc tod, 
because the vertictl grs retort corl tar required is not produced ir. sufficient 
quantities in this country. 

The melted type of sodium sorp -el Vt s studied by several investi- 
gators rnd showed several advantages; it v;.-s et sy to . r*-parc, WJ ^f lov non- 
fuel content, and molted sharply to r thin fluid so that it could be poured 
into cases. Such 0 material, h<v;cver, :.: s r Vrittlc ^el hich tended to Meed 
gasoline, and required hotting to about 150°F. uringwcompcundint.. This re- 
quired either pressure equipment or the use jf r. high flash, lo\.-vrpor pressure 
fuel. Largo amounts of alcohol were i lso required to lovc-r the melting point, 
and no readily available substitute 'as found. This MJI ? e rl3o found t~> 
shatter badly on explosion, giving a flash turn unless i ..Inder va.3 added. F^-r 
these reasons work on this type hrs been suspended. 

The most BT tisf: ctory soap thickener v.r.o : c 1! compounded sodium 
soap gel (Formula 122) i.irde from a mixture of ste: ric and rosin --cils, pi: sti- 
cized with c fc tty oil. it had c |JIHHi lllw Uxtui-e, i 
thixotropic, and hid excellent temper; ture ch- ractoristica. 

>nlp EKxtelt tely 
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The processing was r.s follows: the rosin, stecric ccid, frtty oil 
end about 6%  heavy naphthr were melted together at about 200°F. This bi.se "r.s 
a soft solid, melting r;t about 80°F. About 15* was dissolved in c gasoline 
for the final compounding, rnd the temperature rdjusted to 90-110°F. About 
4%  of 33-1/3JS aqueous caustic sod.- vrs then added, and disjiersed by shaking 
or stirring. The mixture set in n few minutes to r. semi-solid and hardened 
gradually in the next 24 hours. Mrny modificetions of this formula have been 
tested, in an effort to increase the time of set, to «iden the mixing tempera- 
ture rrnge, and to lover the melting point of the brse. On the brsis of 
these tests, the folio- ing conclusions '/ere mrde: 

1. The best grade of sterric rcid for this purpose 
ws Hydrofol, t  hydrogen: ted fish oil acid. 

2. A good gride of lump rosin ' rs required. 

3. The best .ro/ortions ero two of sterric to one 
rosin. 

4. Crslor oil v.rs the best pLsticiser, though 
OtlMr frtty oils could be U3cd. 

5. Inert;.-sing the oxcrcr of oruotic sodr improved 
the stability slightly. 

6. Ifpil cing :• lr rgc ,I rt of th« caustic sod-* '.1th 
borax grve :.  longer setting time, -nd mry have 
bro-den^d the mixing t-mperj ture rr&go. 

Further \ ork is plmned to dcttrmine (;) the optimum ratio of re- 
active ingredients, (b) the r.bility to substitute v: rlou3 f tty r.cids -nd 
fI tty oil3 on the basis of rv: il: bility, (c) : Ue'ns for sloi ing dtr.n the 
setting time to ; emit e- sy field fillinw, -nd (d) methods for adjusting the 
mixing tempert ture to .lerrait a v.'idor temper-ture rrnwe then i)0-110°F. 

Formulr 122 represents c solidified or thickened ^rsoline vith the 
folio- ing desirable fertures:  (a) simple rnd a: sy compounding to permit 
filling in the field so thit empty ;nd un?rmed bomb ci.ses c:n be transported; 
(b) the g; soline retains its good i^niti :n ch:r: cteristics evon dorn to -40°F,j 
(c) the cohesivo ch- r-ctcristics :rt jt.    tly improved be'ing .-bout e-^ucl to 
thrt obtained litk i'ubLor gums; rnd (dj the burning ...u: lity of the gr.soline 
equals thrt .if r.ny thickener 3tut5ied. Formulr ±'c'2.  h: o the following compo- 
sition: 

Sterric acid (or hjdrofol) 3.5 r:t.i 
Rosin 1.8 ii 

CottotiSoed Oil  (or cr.ctor   -'il) 3.0 ii 

Caustic soda 1.1 n 

fetor 2.2 it 

Motor grsoline 8C.4 n 

100.0 \X.% 

— 
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iX.ILiiliTLlTY OF INGKEDIE'.JTr REQPXSBD 
EY FOFftULi'. 1£2 

Mt Vrii 1 

Hydrofol 
Storrtc /cid 

Koain (Gum) 
Koüin  ('.ood) 

Cottonseed Oil 
Crstor Oil 

Fi.«h Oil (Totr.l) 

Crustic Sod: 

ifUHOB Pounds j&t 
Ye: r ivtruirtd to 

iiJ.ior   Pound 
Produced ir 

s Ptr 
U. 3. 

Xtex 
A a 

Product 
4-lb.* 

) 9,000,000 
i'Omli3/i.!onth 

1335 1_957 19;::J 1940 

25 u M 
4.8 

41 
(7.t 

600 
ZOO 

850 
4E0 

- 880 
450 

(s.e 

- 
ir.7d 

M 
1880 - Se.t 

- LöS 210 

MOO 

- 

£.4 

*) 
Riscti OB fc-lb.  of Fcrraulr   182 per <i 1L .-bomb. 
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A suggested method for compounding :nd filling Formulr. 122 into bomb ecses 
in the field is described in i.ppendix II. 

The rvailibility of the ingredients repaired for Formulr 122 is 
presented in Trblr. 3, r.nd rppc£.rs to permit production of 9,000,000 bombs 
(4-lb.) per month. 

A discussion of .hysicd testing rnd the results of invostiw; ting 
v: rious gcsoline thickeners is presented in Appendix I. 

V.    Burning Tests in J>ttic Structures 

A.    Ex: ■erinentr1 Equipment cno. Procedure 

In order to    ovi lucte the burnin„ ch:ri cteristics of v: rious fue-13, 
wooden test structures vero constructed simultting ;. section of m ; ttic. 
Two gencrr.l types of tittic structure vere employed — Design No. 1 ("American" 
type) v.f.s built   .1th 2x6 joists ?nd 2x4 r; ftors on 16 inch centers, ;nd 
wooden botrds underact th tho joists; Design No.  2 ("European" type) \XM con- 
structed with 2x6 joists r.nd r: f ters on 24 inch centers, rnd t   plr stered 
ceiling undorno: th th», joists.    1. non-combustible roof of trt.nsite or sheet 
metrl,  simulrting corrupted tile, with regul.- r shingle 1: th on 6-7/8 inch 
centers wore employed.    Drivings of the test structures '.re shovn in appendix 
Figures A *nd B. 

The nrjority of  test3 vors mtdc   >n this sntll structure, open on 
three sides, representing thrt section of :n '.ttic roof t nd floor \ithin 
6 ft. of tlic e'ves linos.    Some testa wore mr.de jn r. double structure formed 
by plrcing tT.o single structures together in order to obti.in the effect of J 
complete roof.    l,c.Tg<j set lo tests KM conducted in a structure closely 
approxinu ting in size r. typicil f.ttic (rcturl dimensions - 28x14x7 ft.).    A 
replr.ceo.blo wooden center section 1: ft. long vt-s actually employed for test 
purposes; 2 ft. long i.;etcl end sections wre ; ttr.chcd merely to .irovido r.n 
r.ir volume tpproxinrtcly crpirl to th: t of c norn:.l :ttic.    Test burnings in 
this lj'rge-3crlü structure vero generrlly crrried out   .ith rll doers closed 
in order to resemble the r.ctual conditions existing in :   typict1 i ttic. 

The procedure employed for makinj, t. at burns consisted of pltcing 
the fuel charge on the fleering c.t r. ^iven distance from the e: Ves, lighting 
the fuel, mci it the ccraple ti <n of the burn determining the« extent tu which 
the flrnu.s hrd tavfod the test structure.      jidepicti. ventilctim free from 
drefts v.i.s lacintained.    In MB, c: SeS,  the fuel chtrgo OKI flung or BMCTUd 
£g;.inst the roof 1: ths :nd rrfters, in    hich instances t . ortloi of the burn- 
ing fuel usuilly dropped to the floor i nd <?. ;-' "nued burning there.    Test3 
were ni.de in which the fuel ch; rge :\.s bio'n from e 5 inch dirr.eter bomb 
cr.sing tovr.rds the tast structure-.    For the; jwpofttf    f these tests, c 
"destructive" bum vs defined .- s '.no in "hich either (l)   the flOM w.re 
definitoly increasing rt the end    f ten r.dnutas burning time, of (2)  the 
structure v.s ourned to auch m extent th:t it collrpsod. 

Burning test:, inv-lving r.cgnoaijui:. Mid therm; to MM generally c: r- 
ried out employing c double thickness (1-5/4 inchos)  of floor b.rrd.    It VJ.S 





-9- 

rec^^nized thrt this test ruth .a :.ioc sured Bolol]  the aeacructive effect    f 
these incendir.ries in the r.ttic structure.    H/over, it U 3 found th. t the 
burning properties of the WfjutlWT ; nd the-rrcrte bowl in the t ttic tost 
structures tnffa considerably r.ided by tne doubl» iftjodSB fl   Tiiij..    lo • ttompt 
hr.s yet 'joen rude to detendno ÜM effectiveness   -f vrri >u.s iucuidi-rics \.s 
rerrrdc burning th:'.u_h Je-vc-rcl flours "f » building. 

B.    Burning Tests a-.uloyir. <- Rubber Guns 

At the   )ut3ot   >f v rk on this problaa the 3upply    f the v.ri -us 
types    f rubber \ ca n t criticlly United;  criSeipiently, f  largo BWibor of 
tests '.•ere 'ardts using rubber guni nicle fr-n l:.tc.x, crepe rubber, rad silked 
BbAct rubber r.ddod to vr.ri-ius fuels.    DotfLUd ilrte f r those tests ' t\.  . iv- 
Scntod in appendix XIX. 

relcti-nshij existlnw bctueea air-e    f fuel obxrgs    nC. it3 Jis- 
r t«troloun gu ooatr.iniag 3--4J6 by voigjat   f l.tex 
■.'t.^. rubber) la sh-"in In Vigors o.   I:   cpjrscl/bls 

3 n tlctd cviTi vhon usin;. 3uch • iiTer .nt fttcls 
diesol fuel   -il,  .lth.uwu Qomrl ..i->t->r ^4oUM c._o;red t' 

biSMD bulling ren^ü.    This carve cl'rrlv dtsnaatB tes tb« 

The 
trnc-j frjr  the sCfDS 
(enuivrlent ». .■ 1.8-2.4 
depletion fr n thi*. curüe 
es pentcne Mit 
possess the   v 
cdvratrgo gdnud by pltelng th>.> fuel ohcrgs rs nwrr 
I s,  f;r ex:.:vd.e,  fr'.m t   ti.i'1-e-j..cti..n fa 1.1b. 

S   x>SSible tt  the  «..-: ves 

i. aiyiificnt diffsruBOQ -.: s noted Ul the beh:vi-r . f L'uel 0hf.rgOS 
bolov one pjund in size 1 nd th.»st rb./vo tv.j . -unis.    Hhua using the largo* 
fuul chrrctj it 1 -s found thrt the degree   S uustructiws burning \\a c n- 
sidorebly rjrer.tcr than    ith the srir Her OBrr^ss.    Th>.is,   it \ rr? observed thi.t 
in the acjority   f eases •.. ''.ostrucLive burn r;.üultin_ fma c   :nt 
vis onfiritd t;    ne  . P possibly t" > jecti n3    f trie flt'.r 
1  destructive burn crused by P  3 
the test structure■. 

c 
;nd r. 

./■und chir^ generally led to t. 

und ch".r^e 
f I   UfejOKM "., 
c-11;  IM    f 

The  burning chrrr.cteristics of pctrolinB ^uns nrde   1th cro.:e tnd 
snoked Shvet rabbor were ossont.vli}'  idöuti;.l    itl» tii Se   .f 1; tex £;ur.u,  £3 
evidenced by th«. d; ti. ,r„s«-nt>...'. in i.pvtnuix XXX«    L'- tex i.unt ./ere r..ueh lv.sr; 
trcky thrn th su nf.de fr p. erepe   jr sr.ukut. sheet rubber,  end c nsupuently, 
did n t .idhere to roof MrfcM* c.s v\.ll CM the l:tter. 

.f ncih^sivity is ilivd tt 
.re nr.de enployinr IrtoXi  crce-,  sad sir.ok. d 

In en cttiinpt to cvrlutte tfac pTu^crtj 
gum incenf.irries, nunv rous tests 
sheet rubber rams in ..hich r.ll    r t   .urti n    f ihe fu< 1 ohltrgo BC8 ■ er red 
-r throm 1 p inst the roof«    In nj instvnees, r^-;.rdl<.ss    f tn>.- fuel dis- 
tribution let. een roof rn:: floor. ut.t tbora i    lestructive burn, ; 1th uji h-d 
the fuil ohrJFgS been pltccd -n the fl .r tt en oqutl    iatcnoi. fr B tiae ewes, 
in r.ost c:.3es (   Jestructive burn reSUltod.    Ttur.e cl;.tr   in'.ic; tee,  thuruf: re, 
th: t the nnxinuii effectiveness of ^x. incendltry intturitl in the : ttic 'its 
re-rlizeri   .hen plrcint th:.t antcrlel    n the floor inste; J    f Bprei '.inu the 
fuel  .tv^r the roof tni floor.    Fr.n  this it follows thct r .UeSivity is n:it ;. 
cntrriling fsct.T in devclo.in^ BOltrblo CotrjlbVD iasoadiiries.    Pri liniai ry 
tests (i.ppendix IIT, Huns H-41,  51, md 55:}   r lr.=.. hi ve fh KB tlv.t  tho r.txinuT 
effectiveness    f c wiven vai^ht    f nctorlcl result, d rtVwB th£ t 1.   U ri; 1 1 :3 
held t rethor c.s c single «Urge .'rticlo rrth;r tiun BSA'rr.tla^ it into 
severrl snr Her units. 





Figur 

Tuäl  * 10 jib,  R«id  T*trt»i^ J>r*»*tir»,   40CMIV ftl*l bolting 
pol'nt motor ga»oi|iaa -ttvJJ«k«a*4- 

(Toitaula 132) 
pttfc_9^~*o«p 
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C.    Burning Tests •■ith Grsollnc SJCES 

Tho United supply of rubber in the United Stetel rnd its incre:3- 
ingly difficult pr •■curen.-nt rfter December 7,  1941,  necessitated the- develop» 
nent   jf c n-.n-rubber thickening fgont.    Experimente1 v-rk urj undertaken, 
thorof TO,   ->n the use   ;f vrri:<us sodium stuc.rr.te-. lot te-r )sin s.c.ps in rogulrr 
notor -r.s-line.    DctrilcJ dttr fr r. the burning tests   )f those vr ri :us sor.p- 
thickonod gt.srlines ere presented in Appendix III. 

The re-lr-ti jnship existing bet"\_o-n \ eight    f fuel chrrgc ; nd its 
distrnco fron the er.vos for gasoline  sor.ps is sh"..n in Figure 6.    Tn goner: 1, 
gnsollM  S';rn3 -vere- equivc.li.nt to lcte-x guus,  regrrdless   :f .hether the sorp 
v.TS pr< ^uced rs r r.. lr tivoly h: rd gel    r r.s r  s-.ft gel similcr in c nsistency 
to c.pplo-scuco.    H.. over, t>. fignific.-nt difference- in burning eher? cteristics 
Mr I n ticod b^tveen rubber guns rnd the grs.line s >.~ps.    TOiero: s the rubbor- 
thlckonoi gr.s-lines j-ve- c. ft st burn '.ith L-rge flrnos f r: u the stc rt, the 
s>:p- thickened gr.s lines U3u: lly '.'urnod si >v:ly v.ith ra:<Jor:tely smell flrracs 
fir Bb ut one Minute ; fter the st: rt of burning.    Thus, in    r.'.cr to obt: in 
the  sine decree  of destructive turning,   the cctive banting tine   -f the grso- 
line s i.-ps generally needed to be    f ab ut 4-7 minutes 'iurrtim, r.s conptrod 
\/ith the 2-4 ninutes .'ctivc. burning tine f:ir the rubber guns. 

It woi expected fr m the n.-ture   ;f the3e sur.p-thickened ges lines 
thrt there '. uld p'.ssibly bo ;. (.re: t^r tendencp t-  "blood" grs line cr unucrg-. 
syner&sis th: n .Ln the crsc of the rubber-thickened grs lines.    C •»nso .ucntly, 
en extensive progrcm '.;rs undertrken t'.   investi^ te the effect    f vrri.ua 
binding; rgents, such rs sisrl, excels! T, rnd c tton v.rste,    n the- c.hesi-'n 
f the gr.s line-S->r;j ».els.    Doteiled dctc: frr.n the  burning tests together 

"ith t ft:.' ojecti >n tests    f these s ■: ps -dth 1 Inders ETC prosontod in 
Appendix III.      In genor-1,  tho addition    f binding nct^rii.l t    r>..rp-thickened 
g: s lines increased the .•. ctivc burning time of the fuel rnd simultrne .usly 
reduced the flerne v lur.o.    C tt.n v;rste ITS the Bust effective  in this re- 
spect,  rnd sis; 1  the L.:st effective.    H-.v.evor, numerous tests in vhich gr-.s?.- 
line locpl c nt; ining sis:l were flung cgainst the r    f of the test cttic 
structure indicted th.'.t sisrl Imported ne.-.rly equally effective ohesive 
pr.).erties ti the soc.p gel is did the c tt n '..rate.    As rep rtei in the f-lin- 
ing scctin, ojecti n tests fr.r, E inch b nbs hr.ve- sh '..TI the desirrbiiity   f 
inclu.'.ing L-2% ■■>£ binder in    rd«.-r t    held the fuel  chrrgo together during 
firing.    Rcc vnizing thct binders v.i y be -.Uffioult t    inc rp rrte in field 
c -snpounding, further tests ;re boing O.Vdueted t' determine if binders rri. 
necessf ry. 

D.    Burning Tests ..ith Msrnesiun 

In   rder t- c .r.p:re grs line s .-ps    ith the _re3ont 4-lb. U.S. end 
Eritish ncgnc.sium b >mb,  testß -..ere  isr.de    n the   strndtrd cttic structure v.'ith 
nu gnesiur. b-nbs r.nc! with hexc-.g nrl m gni sium ber st ck (ignited bj ner.ns of a 
voiding t.rch).    Detallftd dc.tr. f r these tosts ;.rc rftp rto.i in xvppondix III, 
end f.re  sunncrize^. in Figure 7. 

The results sh \      c.h-t r.:.jiesiun    n r." \.en flooring (Design N'.  1) 
vrs nef rly r.s effective <\3 s f.p-thickened 0;s lint vhen used in quantities of 

— 

-   .   . 
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r.pproxinr tely one pound, but tht t m: -pie3ium Y.TS not :s effective ts „c.soline 
so.-.p "hen employed in rnuunts jrecter thrn ü „lounds.    It at! found thrt mp.g- 
nesiura äCM jed the wooden floor of the  tP3t structure much more intensively 
but less extensively then .«troleur. fuel.'.:.    Ho ever, :.lthouwh the m-.^nesium 
bomb burned through 1-5/4 inches of i ooden floor, it fr.iled to turn through 
1/2 inch thick plc.stered ; ttic floors siciil-ting  the ceiling of ft .room belov. 
the  r.ttic.    Tlien using n plrstored floor  (Diselj. NC.  2)  r.:.t.nesj.um :ppeired to 
be even less effective.    Those tests .indie: i.e. tiv t thicxened j:soline-s I re :.t 
le: at equcl to afigwalWi 

E.    Burning Tests rith Thermr.te 

DcUilod drt;.  cbt* inod from sovcr-1 test burns employing the- re_ul; r 
U.S. ,\rmy thereto ince.ndi.-ry bomb r.re  presented in i.ppcndix  £11.    The  conclu- 
sion reacted re-f-rrdint  the burning chrrtctoristics of therm: to wr.s thrt it 
rppcr.red to bu qaltl in.ff octive.  ir. strrtinr-, I   destructive burn in the i ttic 
test structure, although it burned through titter 1-Z/i inches of v.oodon 
flooring or 1/8 inch of .1: ster.    Thih ttt-l  LlluitrrUd by Ban H-17S, la which 
the- therm; to bomb •,;-. s pL-ced diivetly egtlaat tho eves bo. rd of the tost 
structure.    Some locr.ii'ied d.*nu ja rr.i done, but ,io aelf-projN tj-ting fire 
resulted.    Thin indie: ted thrt tho incendi-ry offeat of therarta is : Imust 
entirely dovnv rd • nd v ;ry locrlized, :9 conp. r>..u to tho rel; tivcly v.idu- 
spre.-.d, up-.r.rd effect of oil incendlrrios.    tteau to:;ts indie: te  thrt in the 
rttie structure thi   thernrtc bomb is qaltf   inferior to bitter the m..gn.,Rium 
bomb or tho thickonc-d g; roline. 

VI. Bomb Ejection Tosts 

The technique of c: rrying out uxpleslOD teatl by t j-ctin;. thick-nod 
fuels from bombs, hr s roue  through sever 1 ch- B|,oa since tho st: rt of the 
proj-ct.    The origin?! test beat consisted of ;   5-lb. pt.il ft tte bottor.i of 
which v.rs pi; cod R  no\.d:;r ch: moor  (4" I.D. x 1/4" high)  I ith r. l.-ci.uerod c; rd- 
bo:.rd di;ipbrOfi to luep tho poader end i'uoi leprrcteda    i. 6 in. length of 
1/4 in. pipe extended from tho ponder chi/nb^r to the  outside- of the pall end 
r. srfety fust  aca inserted through this pip.. .    TV   •: il roe -pproxim-toly 
6 in. diameter by 5-1/2 in. hijTrnd held 3 lb3. of fuel•    The boafe UM 
plrced in c  verticil .ositlen, v.'s exploded usiu.lly < 1th 20 gns. of bl.-ck 
powder,  sporting grrdo, !n^ ^ni. fage^ t,f fuel sc: tterin^ r.nd ignition v.: s 
noted.    Usur.ll-y tlu  fuel ■.: s 3C: tterr.d in smnll _ ioc^s over r. rrdius cf ZO ft. 
:nd tlie ignition «ri excellent deaa to -»lOT. if      fuel of 10 Ib./s.i.in. or 
higher R.V.P.  v;r.s used. 

t nr.rkcdiy diffor-nt r-jult : s to so- ttorlag ''•' s obt: ined (Ap.enüod 
IV,  oxp.  14)   if the- bomb v.a ...lrcod on its zi3< .    Tho fu^l could be he: ved 
c. considcrr.blc distinct without uxcussivo atettorlBfa    Saae  improve;...nt in 
fuul cohesion urs obtained by rdding cotton aeata( oxce-lsior,  si3:1, etc., 
is :. bind-r to the fu.l,  I lthou;h the  n.-cessity for Madcta h: e not been 
firmly e"5trblished. 

L-tc-x blends proved to be. very difficult to i-jnite   /h.-.n ejected 
from  the B in.  diemetc:r bombs \ith the  ponder ch.'i.;b:.r locrted .'t ih.. bottom. 
Co: rse m: cesium turnings tnd oocl ..-rticlos nix.:ü into the pQT<dar  iid not 
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help ignition. Later it TO S found that a lon£ narrow tube [a/9  in. radio 
spaghetti tubing) completely filled with ..owaer, placed ooaxially in tho bomb, 
produced ^ood ignition. Formula 12* fuels :.re not is difficult to ignite rs 
the latex fuels ..nd the importence of the coaxicl pevder tube is not I s jroat 
with the gasoline soaps. 

Tho results of ell the explosion tostr 
may be summarized as follows: 

ere _iv..n in Appendix IV cad 

1. Gasoline with C Rcid vrpor .Tresore of at lec-st 
10 lb./so,, in. it 100°F. is required to insure 
ijnition at the lov tempera tur* s encountered at 
hi/jh Pltitudcs (-40°F.). 

2. Hard setting gasoline prw 3os ;rc not suit?hit 
bc-cruse they shatter excessively and flesh-burn 
in mid-air. 

Bi Rubber W..1J (5.5/J cr*.po) end soft non-bleeding 
gj soline soap (Formula \H2)  ^lf* tho bout r.. sulttJ 
baecMM +.h«.-y do not shi tier unuuly (nd jive do- 
sirr-.ble burning eher:.cti-risti.es. 

4. Binders such as sict.l -nd exce.lsior hile im.-nrtrut 
in th> scetterin,? typo of bcmD, art; not attite is 
important in tsil-ejoctien borabü .'here the sc ttur- 
inr; of the fUwl in reduced. Ho : .verf sufficient 
vork beI not y^t been done tc shov v.hethor tinders 
cm be excluded. 

VII. Disiyn .-nd Testin.;, of 3KV 11 Petroleum Incendicry aombs 

Test d: tr have shorn the t the uost effective method of burning the 
teat attic structures consisted in pi: cin£ the fuel cherre a is near th,. o;. ves 
lino as possible. In ord-,r to -S3 or»., tlu, pleeiBg of th^ fuel ncer the er vet), 
■_ bomb baa been constructed in which the fuel it ejected from the teil after 
tho bomb h: s come to rest. The advi ntige-s of hiving the incendi:ry nrturlcl 
throvn cgi inst 3urroundinw objocts ire ohvious. 

Preliminary deiitfl studies beva sho'.n tho desirability of uüinj, a 
bomb c: sing of minimum wall thickness :n order to obt.'in thv; maximum fill 
content. Ho \vur, it is understood that the /.my j'ir Corps would be opposed 
to case thicknesses loss than 20 ja^e (.025 in.). It is t lsc understood 
that ; ny chtnge in nos. fuss design over those now rp_ roved for tho 4-lb. 
therm: te or the I.i-46 r.nd M-47 (M 108) bombs mi Jit result in eonaldortbla 
delr.y in ^bt'ining find ;pprov;l for r act) ineondi: ry. Consequently, t'..o 
bomb d.sLjns are now under develop' nt, octh being of tho tr.il ejection type 
approximately 15 in. long end 3 in. dii meter *lth I cloth atreaaer to help 
ccnt-rol ballistic and termin; 1 Velocity eh:racteriattes. Tue flrat .i» ci_n 
utilizes a 20 £awc si s- vith th Bttndtrd them-tc nose fuse (see Appendix 
Figure C) ■ ith n aatisrted „ross weight of 5.5 lb. ; nd cent: inin Ü.0  lb. 

■ - 

 «— 
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of fuel (Fornulr Ii2). TVK second design vill incoroort to the BlBlOBB v:r 11 
thickness consistir.t ith „ooa impact resistance together ■ ith C na\ light 
v; ight fuze dosijn (MO Appendix Figures D r.nd E). Teuts rro under BCJ to 
dotornine- thia BiniBBB CJ so thickness, bat if 28 zcLG  f->-'tori: 1 c^.n be ust..d, 
thin this bomb would hive an tltlMitll gross v:.iwht of 4.Ü lb. i nd would 
contain Z.Z  lb. of fuel. This letter desiyi .lends itsalf to BOthodl new 
used in can production. As shown in T.-.bli; 4, the 28 gen case md now fuze 
design inprovu the ratio of fuel to crocs v.-eight, and either design of oil 
bonb shows an I dvant.- we over tho nsgnesium and thornatc boBhf when BOBBCred 
on a be sis of calorific value per bonb or ,>er unit weight of bonb. 

Firing tests have shown thrt the can soa..i developed by Continental 
Oca Co. is suit: blc fc:r use in so far as withstanding the ponder explosion 
is SOBeenodt This type Of leoa is Hefted to <:8 g.-go or thinner netela If 
20 g'ge nctil is rev.uired, tho boBB c: sinr nay be nado of se:nlo-ss, lap-welded 
or butt-welded tubing. 

Further tests ;TI; under vrr.y wherein the 20 gage ;nd 20 jrr^e crsos 
will be i'ir<_d fron •.. nort/.r into a roof struotur. to detornlM th^ impact 
resistance and ijniti n ; :id burning charroterjst-i.es obtained with both tho 
thick and thin crsos. T>-sts Bill also be conducted with the st; ndard end 
no" fuzes. 

According bo present lnforej tion, thou boabc will Le c; rried in r. 
bonb crib 15 Laches dleooter by 61 inches long with t ntxinun pcrnissiUlü 
wight jf ISO pounds. The proposed 8 inch dine tor bonb '..111 thus .'emit 
a bundle :*f 13 bonbs whi.ch dill voigh appr^xi. .'t--ly 10J oounds, clthoueh 
this .racoduro vill It. ve rbout thre*.-fourths 'f the crib empty. V7ei_ht 
linitrtins aside, four bundles (76 boobs) v.ith 15-1/4 inch ■ xir un bonb 
length >r throe bundles (57 boabe) 1th 20 Inob BEBittUB bomb lenLth could be 
carried. 

Preecet devclopnc&t is concerned with i bonb of : pproslattely 4 lb. 
gross weight t:. b) r..pr .xir-1. ly eqncl in effectiveness to the 4-lb. nrgne- 
siun bonb. Additional drta i rt seeded tc ustttLish the OBtlBNB size of oil 
b.-inb tnd teats ir«.. in pregresi OB various typen >f structures t" dotornine 
tho aoet effective! Lonb sine, hieb H y be 3:rwor th; B 4 lb. 

VI7I. fejaa BB> 

1. A aortur has been built froa which boabg vill be fired through 
typical roof c .ustructUi. in order t.' deterolnc (l) the nocessrr/ ci sint i nd 
nose strength, (2) feloeltiei Borre3aXNldlBJ| i- roef .'onetr; tion alone .'nd 
roof plus Blistered ceilin^ .«netrntloBj (.'>) ;-ir... dolcy nocesstry to insure 
fuel dieehcrg« beloe the t-^'f, end  (4) the reli-.Lility of fuz>; dejign. 

2. Further gasoline soap crk is under way to iBOrots. the ^ellinj 
tine during compoundin^, t'- decrer So the toi'.perr turo lloitt-tioBI required for 
nixing theW3cr.p*. nd „tsolirn., red to provide the widest range in substitution 
of injredi«. nts. 

5, Several ether Ittic designs Bill be studied to determine the 
ortinun feel ohcrgo required for PB effective amrll siz..d eil bonb. 
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IX.    Conclusions 

The Development str.ff he 3 rec.ched the following highly tentative 
conclusions: 

c) It is believed thct .•  4-lb. air-bOBM oil ineendi;.ry _.omb 
more effective  (per  Lon of bombs relef sed)  tlitn the 4 -It.  thermi le boafe «rid 
possibly c.3 effective CM the 4-lb. uc.yiesium bomb for firing li^ht structures 
nnd pc-rh: ps debris will result provided the 4-lt. oil incend.üry possesses 
the follo'vin^ characteristics: 

i) *■•    bomb cc.sa ;.pproximclely 5 inches in di. meter 
with r. ll.-ick powder bursting ■JhrJF£p v:hich will csuse 
tiil ejection of the bomb contents --.s nec.rly ra pos- 
sible ej ■ cin<;li- discreet particle for R AlCtOkM 
of r.pproximttely 20 feet from the .,oint et v/hich the 
bomb comes to rest. 

B) Ignition 'if r.ll ptrticles csaur:-d through use of r-.n 
ignition tube vhich viil brine  *'• '"""v 

during ejection into contact \ lth 
produced by the bliick pü./der bursting charge 

bomb contents 
TTt of th>; f If mo 

b) k boiab designed to incurport tc  the jrLnciples ex- 
pressed cbovo i pperrs  be lend i.tself to m; ss , rotiuc- 
tion vlth i-.vcilable infc.redi.nts rod rii-terlrla.    Such 
a bomb ct.n be ;..; dt to meet the  s- i'oty requirements 
of the Army *.ir Corpu rnd Chemie: 1 '.rrf: re Service 
in so f.-.r r.S  thCM  si fel/ ro;ulreP.:nts hr.ve been 
disclosed. 

' 
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i.PPLNDIX I 

Gi.SOLIIIE THICKENERS 

• 

I 

Physics! Tests 

The viscosity was at first determined by the felling bill method 
recommended Ct Harvard. In this test, t 5/32" still bt.ll is timed for : 
fell of 10 cm. This method fails on latex blond3, since the slight rigidity 
of the blend suspends the- ball indefinitely. The Gtrdner Mobilomoter VK s, 
thcreforo, r.dopted for control tost3. This consists of t  tube 20 cm. long 
end 3.5 cm. I.D., in '-hich moves r loo3u-fitting perforated piston which 
may be loaded. For this purpose the- piston disk had four 1/4" holes. The 
lo.-d v.T3 no adjusted that the tinu. of fell v«.s Ipproxinu tely 100 seconds. 
Thu viscosity ..•■■ s calcul?tod v.s  "cto?«es = 0.250 x lord x time-", the constant 
hcving been determined by tests on kno-;n oils. It u| s found that the curve 
stockos vs. time vis :..  straight lin.. on log-log piper, so that any two loeds 
and times served to determine tho viscosity at 100 seconds. The viscosity 
of such blends v.-.rics gructlj ith the flow rrte, end the 100 seconds time 
represents c rate similar to running dovii i v-.rticrl wall. 

The ■obiloaotur is net suitrblc for the> soap-thickened products, 
so the i,.S.T.M. grorse- penctroiaeter \i: ■ used. Thi3 instrument uses a 
doubl'.-pitch cone- •..•eighing 150 grams. Bw distrnce is tenth-millimeters 
penetrated in 5 Seconds is reporti-d r.s thu penetration. 

The t.pp; rent densities cf latex and soap blends hrve been dotern- 
ined. The L-tcx blend, -.-hLch contained some rir, v.'is 0.729g/ce., i nd the 
sor-p mixture: (formula 122) wci 0.750g/cc. 

Vapor pressure tests «WTC mr.de on i fev br.tches, using t modified 
Rcid vapor pressure bomb, r.nd th«= results •..•ere found to agree Perfectly 
v.'ith those on tho unthickened fuel. Bleeding tnd shrinkage tests ' .-.re- m de 
by visual observation. Stability m a judged by . enetrr.tions i fter ftOKM. 
sh-king one hour in r laboratory sh:ke.*, i nd freezing to -40°F. 

The he:t transfer characteristics of Batch 42 (Lrtex blend) vere 
studied by cooling tests in m -ir b: th rt 0°F. The Vsts -..-ere of forced 
fnd natural convection of tho cooling medium uv-.r B typical bomb cr.se. The 
heat transmission was of the unste: d;- rtrt« type. The d: ta MCI correlated 
by use of Gurney-Lurio ch; rts v;hich gave- Integrated forms of tho differential 
cooling once time-tomporrture-position ratios KM ostrblished. 

The tests sh -..e-] th; t co-din*, vis r>.l tively rrpid rnd that in 
normal bombing oper; ti.-ns of t;.o or three hours nurrtdon ft high altitudes 
would result in cooling the fuel bombs to thr- temperature of the surround- 
ings. This ne.-ns th.-t igniticn of the incendiary*fuel nust occur at temoerr- 
tures in the- range of -40°!'., requiring the fuel to have an rdeouate vapor 
pressure ct this temperature tc wive unfailing ignition. Thi3 sti mlatiwn 
demands U3c of a fuel similrr to r 40Q° L.P. aotor g: soline of it lest 
10 lb« Reid vrpor pressure-. 



i.o.xjniij: I 
P£ go • 2. 

Physic.1 conatcnts dttend&bd arc: 

cp ■ o.a. utu/-' * •f. 
= 45.5 3/ft? 

k    - 0.17 Btu/hr. x ft2 x °F. x ft-1 

h+ ■ 1.80 3tu/hr. x ft- x °F.   (nr.turt.l convi;Cti')n, 

i.s :.nticl.jt ti,d in o;'cr.'ticn ••ith boob buy closed). 
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APPENDIX II 

:UGGESTED METHOD FOR COMPOUNDING AID 
FILLING FORMULA 1R£ IK lg FIELD 

Ao'Dom:ix II 
Par« l. 

In pic cos -vhero rubber is avrilrble, it ma;.'- be used t..i C sr.t- 
isfcctory thickening t^cnt. "he crepe rubber is cut or tarn into strips 
r-bout tnt inch 'lie, rnd 5.5-6?J is stuffed into the empty bonb ct sos (10 oz. 
in r.n M-4C QCBOj or E lb. 5 oz. in en 1.1-47 ctso). The c; sos .-re then 
filled to OOf' of thwir vclur.e vith aotor ^r.solino, supped end rllOBod to 
■tend in c. nun plrco (not lest; than 70°F., preferably 100°F.) f>>r tv.-o deys. 

Where it is desired tu use tho gasoline sor.p, two re: dy-r.f de- 
lupplics uust be :.vril:ble, rur.ely, BtBS ■*" described btloWj ; n.l ceustic 
ode. Beau "A" c.n be .nrcprrad in domestic pltntfl using the following 
ornulf : 

su 
sod 
f 

Hydroojnctod fish ell acid - L;'.L./ 
Wood or gun rosin, \'.G. Grr do - l'.i.lf: 
Crator 80.1$ 
Hervy n:;htlr., 100*7. Flesh - 44.% 

In the field 45 gf.liens of j-.ar.lLno era BBC sured int: sr. open- 
herd drUD end Rtmod to i)5°F. b„ i..ev.ns f  steam coil ^r oloctric hectors. 
To this is tddod 50 lb. (7-1/3 gell ms) of Bf s>.-  ",.", vhicn should be 
stirred before measuring. To this is then ee'ded 4 lb. of cru3tic soda 
(lye) dissolved in no gallon f './etcr. The fixture is \;ell stirred v/ith 
a peddle during the rdditlon of the lye, r.nc! fop v  few minutes ther..: fter. 
The {caolino v;lll thicken rapidly. It is then ready to fill into bomb 
cases, using 1: rgo greese wums or ordinary dippera« Occasional stirring 
vill keep the gro.- sc soft enough to pour for r.D ut cno hour« (Nute—Usual 
pruOcutions required f-r handling ethyl j: soli.nes sh uld be ,'i.served). 

Fiold supplies required crei 

5r. gallon >pen-herd dnaaa f Bi s "A"« 
4 lb. c:ns f lye (caustic SOdr). 
Open-head K [rUoa nixing druau 
He.- tor c il rnd 3 tor, supply r . le-jtrLc her tor 

rnd current. 
5 gl lion BOCBUre, j^rrdurtou In 1/8 g'llms. 
Grease gun r lxrgc funnel ■■ nd ii..por. 

If deslrodi tho i.iixin», cm bo done lir.ctly in the bomb c. sos, 
ty shrking \.vll after addition of Base ";." i n:i cgain I f ter addition of lyo 
solution. This is rooonwmded nly f r the M-4€ r I'.'-i7 crse, which is 
•_.f ■ convenient 3ize. 
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ABSTRACT: 
A quarterly report is given on the development of on incendiary bombs. Burning tests 
have been carried out in several attic structures in wbl.ch the destructiveness and 
completeness of any fire are tahen as criteria, and special attention has been paid to 
developing mixtures and methods of application 'l>hlch would cause destructive attic 
fires. It has been found thai attic structures can be destructively burned mth the mlnlmwn 
amount of fuel if the incendiary is placed near or discharged into the eaves Une where roof 
lath and rafters serve as ldndllng. Resulls show thai with a given weight of fuel located 
at a: given distance from the eaves, thickened gasoUne is equal to magnesium and is distinctly 
superior to thermate. Gasoline-rubber gnms and gasoline soaps are equally effective in 
non-explosive bombs. 
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