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section I

It is pointed out that the temperature depenaence of
the pressure in rocket :motors may be expectred to be tnree
to four fold greater than tie dependence on temrerature
of the maximum pressure in guns.

This extreme temperature dependence 1s influenced by
two independent characteristics of the propellunt powder:

a. the value of the exponent, n, giving the pressure
dependence or the burning rate, und

. b, the temperature coefficient of the burning constaat,
b, itself. '

The lower values of the exponent n, which fuvor low
temperature cocfficlents of nressure, may rossibly be
favored by inclusion of certain catalytic materiais in the
powder. :

Lower values of the temperature coefficient of the

- burning constant are favored by inclusjion of dinitrotolucne in

the propellunt, which is explainable. It is suggested Lhat
the explanation may point the way Lo the scarch for naterials
of better characteristics having the same effect as dinitro-
toluene.

v Aberdeen Proving Ground, Md.
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‘ Complete faillure at extremely low tewmnerature or
pressures is presumably related to incomplete reaction of
intermeaiate guses given ofi by the propellant. 7These
failures may be obviated by inclusion of cobalt catalysts

in the propellant composition. These catalysts may possibly
have other desirable effects, such as reducing the exponent.

Unsatisfactory ignition, especially at low temperatures,
may be avoided by using specially coated propellant grains,

Marker paints, which change color at the unsafe tempera-
ture extremes could be used to reduce accidents.

Some experiments upon which these deductions are based
are described in greater detail. These include:

Section II

Evidence to support a picture of the methanism of burning
as follows: ‘

1. Heat supplied by subsequent reactions and conducted
back to the solid propellant surface liberates, by an endo-
thermal process, some highly reactive gas or gases. This
process proceeds at a rate determined only the rate at which
heat is supplied and controls the overall burning rate.

2. These gases, when rresent at sufficient pressure,
react rapidly with one another or with material on the
solid surface of the propeliant with liberation of sufficient
heat to sustain reaction (1). The signitricant products
of this reaction are a white solid and probably NO.,. This
reaction goes to completion at pressures of 1l,.5mm dr more.

3. The products formed in stage (2) react further, if
the pressure exceeds about 1l0:um to produce-gaseous and liguid
products. Among these products the thermally significant
materials are nitric oxide and incompletely oxidized orgenic
compounds, specifically aldehydes. This reaction is

essentially completed at something less than atmospheric
pressure.

4. This reaction, which has been most studied, con-
sists ia the oxidation of combustible organic products from
reaction (3) by nitric oxide, and is much more sluggich
than the other precding reactions. This step rcleases uabout
one-half of the snergy of the overall reaction and is therefore
important. Because it is so sluggish, this reaction is
believed to have no effect on the overall burning rate,
which is probably controlled by steps (1) und (2? or by (1),2 and 3.
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Section III

Titanium-potassium perchlorate mixture coated on the
outside of powder grains is shown to reduce the time re-
quired to ignite powder. Comparison with uncoated powder

- seem to indicate that at low temperatures the burning is
more complete and rapid with the coated powders.

Section IV

The integrated thrust time divided by charge weight for
the 2.36" rocket, as a function of charge weignt, at approxi-
mately constant temperature, is found to be constant above a
certain charge weight. Below this cnarge weight the totai
thrust per unit charge drops rapidly, indicating incomplete
conbustion.




SeCTION X

General

Some experiuentul work on the mecnanisa of propellant
combustion has been underway for some time at tne onuliistic
Reseurcih waboratory. only very recentiy has a project been
undertuken looking to the iumproveien” o1 tne periormance of
the 2.306" rocget at high ana low temperatures, as a consegyuence,
the exverimental work perrosruwea wnich is airectly concerned vith
the teiaperature dependence of rockget behavior, is extrenely
meagre. Un the other hana, the recults of tine previous zore
fundamental studies on tie mecnanisis of burning, nave colored
the approach to the temperuture degeuaence problem. Tnis report
concerns ilself largely witn projectea anu nopeiul fielas of
investigution ratner tnan with accomplisnea experiments,

It is customarily_assumed that the linear rate of regression
of a powder surface, s 158 a function of the teisperature of the
powder, and of tn¢ external pressure, alone, uvertuin exceptions
to tnis will be discussea Later. The uependence of J on pressure
may always be approximated by the equation

. o

(1) z = vp?

wheré b 1is a function of the powder temperature. (It is not
intended to iwmply here tnat the “power" law (1) is ianereut.y
superior to aaother frequernitly usea upproximu.tion, £ = a + P,
vwnich may represent a pbetvcer it for soame powaers).

The nuaber n in equation (1) has a vulue of &p,roximately,
0.85 for muny powders., Since tne rate ol egress or gases froa
the nozzle is proportional to P, tne ecuilibrium pressure, Pe,
for powuer of constunt burning suriace, woula be proporvional to
che 1/(1-n)'th poaer or the burning constant, b,

(2) p o~ bt/ (1m0) 2 7
e

2Since the muxiimws pressure in a gun is ratner closely proportional
to b, it is seen that the tcwperature coellicient of tne pressure in

a4 racKet motor may be tnee to four fola the coeflicient for the
maximwa gun prassure,

hs fur as choice of propellant is concerneu, tne improveaent in
rocket behavior at extreme tewperutures is to be sought by either or

both of tLwo wethods

iag to decrease

b) to decrease the temperature depenaence of the burning
constant D.




In regard to method (a), the following may be said:

A change of n from 0,85 to V.70, without ulteration of the
temperature coefficient of tne burning rate b, will aalve tne
teaperature cvefricient of the equilibrium pressure.

Theoretical considerations inaicate that n probably uepenas
on the effective oruer of the gas reaction 1l tne interaediate
products leaving the powder suriace. II tais oruer were unity
D should be 0.5, if the order were two n shoulu be unity.
Sufficiently iittle is known of tne awecnanis@m of tnis reaction
to muke it improbable thut tneoreticul consiuerations .ione would,
in the near iuture, enuble us to preaict the depenudence of n
on couposition. JLinere remains, however, one possibility. Certain
catalysts for the gaseous reaction may be exg.ectead to wore liigely
decrease tnan increase the order of tne reaction. The inciusion
of such catalysts in tne powder, wnicn is desirable Ior otaer
reasons aiscussea later, may possibly nave an eftect tenuing Lo
decrcase the teumperature coefficient of tne pressure. Suca little
information as has been obtainec nere as yet on possible catualysts
is discussed in section ( II) of tnis report.

There is little colierent experiwentel inlormation on the effect
of chemical composition on the exponent z. 1t does appear tnat
the Russian powder containing dinitroluene (viil) has lower n tnan
the usual Americin cowposition. 1t has been regortea (ovcalsy)
that the amuonium picrate-soaiwa nitrate alternate progeliunt of
N.D.,R.L, sectlon 8 has n = 0.4,

In regard to the method (b/, tne reduction of tne temperature
coefficient of the burning constant itseli, tne rollowing wuy be
said:

. It is frequently asswied that the burning counstaent b is inversely
proportional to the neat neccessary to oring tnc powuer Iroim its
initial teuperature into tne gas piase in the form of soiue ianieracaliate
products. For pure nitroceliulose tais neat May CONSISL aluwosvt
entirely of the integratea specit'ic neat over tac teaperuature of
about 200°C, For such a case b = bo/('l‘i - T) wnere the constunt,

Ti’ of dimensions of temperature will be approximately eyuual to tne
ignition temperature,

If the powder contains some relutively stable coaponcnt waich
volatalizes unchanged in the initial aecoaposition of tne soliu, tnis
heat will include the neut of vaporization of uwiis waterial. ~uch
a material is DiT which hus been recovered unchongeu {roa the jprouucts
of partial burning. In tnis case b will be inversely proportional to




T, + A - T where the oH teran is proportional to tne heat

ot vaporization of the stable component. The rate,b,will be
lowered amdt the temperature coefficient QechdSGQ. Uui is
known experiuwentally to decrease burning rates and tewperature
coefficients.

Were the stable component to contzin a better oxygen balance
than DNT tne heat liberated in the subseyuent gaseous reaction would
tend to partially oftset the effect of tne extra neat of vaporization
in lowering tne rate, but would still leuve teumperature coefricient
low. There appears to be reason to seek such a component which
would be satistactory for inclusion in powaers..

1t has been assumed that the burning rate is determined by
the initial posder temperature and tne external gus pressure alone,
bxperimental confirmation of this viewpoint is inaueyuate. Inueed
some eviaence exists that it is not, in all cases, correct.

One minor effect, which is understaznaable, may be mentioned.
The heat cunductivily of the powder is certainly Llow comparea to thne
burning rate, and presumably a steaay state temperature distribution
is rapidly set up in wnich tne temperature of the soliu a few
hundredths of a miliimeter in f{rom the burning surface is essentially
that of the initial powaer. <1his will, however, ouly be tne case
if the powder is opayue to reciation, If transparent, the radiation
from the burning gases wiil continually neat the main boay of tne
powder, and the burning rate woula be expectea to increase
explicitly wita time. This efiect vould be independent of fissure
formation, although presumably ‘related to it. -

The "chuffing" occurring in rockets at low loeting uensities’
indicates that the burning rate cepends on otaer tactors taan ¢
and initicl temgjerature. It appe.rs that tais chuffing occurs oniy
vnder conujitions in which the reaction characterizing tne burning
does not go to completion, A couplete satisfactory explanation of
chuffing is not at nand, but it is believeu that tne pnenoweaon is
intimately connected witn the incomplete reaction.

It is believed that the burning proceeds in steps, the last
of which is the oxiuation of certain orgenic materials, probubly
largely aidehyues, by nitric oxiue, Tnis step goes oniy slowly
except at highly elevated pressures. The neat liberatea in the
incomplete burning, vwhen the last step uoes not tzie place, is
only roughly nalf the normal value for couplete reaction. At low
pressures, and indeed even at pressures but little lower tnan tnose
occurring in some rockets wwer operating conaitions, tnis reaction
is so slow that incoapletely reacted jguses are ejccted at the nozzle.




The evidence for this belief lies in plots of tne total
integrated thrust per unit charge consumed, against loauing,
for the 2.36" rocket. at high louuings, for which the burning
pressure is high, the tarust per charge weignt is constant,
independent of the loading. As the loading uecreascs & marded
break occurs, tne tnrust per unit charge decreasing precipitously
with decreased loauing. <This decreuse begins when tue runaing
pressure is about 150u-2000 p.s.i. '

It is believed that the inclusion of catalysts containing
cobalt, or possibly otner catdysts, might sufficiently speed
the slow end reaction to permit coiplete burning at lower pressures,
This woulu extend downwards the temperature limit for norual
(although slow) burning for given uesign anu loaaing.

It is also contemplated that such catalysts might increase
the normal burning speea by bringing tne "burning iayer" of gases
closer to the powder surface, and possibly dezrease the temperature
dependence of the pressure by decreasing the burning law exponent n. -

There appears to be a considerable delay period between the
firing of the igniter and tne true ignition of tne povder.
This delay period is markealy increased at low temperatures.
1t appears that powders coated with a titaniun-potassium
percnlorate mixture ignite more reaaily ana uniformly than uncouted
powders, It is hoped thzt improved ignition may be obtainea anu
might result in improved perforuance.

Finally the use ol paints which cnenge color at the aangerous
temperature extremes uay be used to color rocsets in such a way as
to reduce accidents.




SECTION 1I | =

Experiments on Burning of Celiulose Nitrate

The simplest hypothesis capuable of accounting adeyuately for
the observeda benuvior of burning propellants regyuires tnat tne
process consist of at ieast two steps. These are first, tne
conversion of the solid propeliant to a mixture of gases, (an
endothermal\process) tne energy conswsed by this conversion being
furnished by the second stey, tne highly exotnermal subseyquent reaction
of these gases to rform the finul products of tne reaction,?

This suggested that the attempt be made to decompose the powder
tnermzlly, removing the gaseous proaucts rapidly enougn and at a
suificiently low pressure to prevent tneir reucting iurther. Unuer
these conuitions it should be necessary to supply energy continuously
to maintain the uecompo-ition. <The c¢xperiment was triea by plucihg
a strip of ceilulose nitrate in the necxk of a lurge flask evacuated
to a pressure of 0.ul m.m, oI mercury, and coencentrating the raajant
energy from a roa-shuapea heating element on the povder with an
elliptical mirror, The powder was decomposed siowly, as shown
by the rise of pressue which was measured by a MacLeoua gauge. The
rate of evolution was yuiteslow, and ceased wnen the source oi heat
was removed. This aecomposition coulu be continuea for long perious
of time proviaea that the pressure in the fliask was waintainea below
1.5 m.m. by suitable pumping.

The moment, however, that the pressure rose above tnis vulue, '
and regzrdless of whether the ceilulose nitrate was a fresh strip or
one that haa previously been hezted for some time, the ueccoinposition
became self-sustaining ana would continue after reumoval of the neut
until the powder was coupletely conswned., The prouucts of this rapid ,
decomposition were not gases only, but gases plus a wnite solia. i
Chart No. 1 presents the results of two such experiments in wnich
pressure in the flask is plotted aguinst tiame.

A series of experiments was next made in which weignea guantities
of powder were subjectea to this rapic decompoesition not in vacuum
but in various pressures of argon ahd carbon uioxide, anu the
resulting increases in pressurc used to caulculuve the wsmounts of
gas evolved per gram of cellulose nitrate consuuveu. These datu are
plotted in Chart #o. 2. <The umounts of ccliulose nitrate decoaposea
were Lo chosen that the increase in pressure on uecomposition was small
compared to the initial pressure, and neuce the differsnce in volwaes
of gas evolved between tne three points at lowest pressvres aay well
be experimental error. .

J. B, layer, "Prelininary Report on Propellant Burning", fallistic Research
Laboratory,




Up to 5 m.m. initial pressure of cerbon dioxiue, or 10 m.m, of
argon, an approximately constant volune, viz. 175 c.c. of guas per
gram of cellulose nitrate, i1s evolved, ut higher pressures the
volumes of gas evolved per gram ol ceilulose nitrate increuse

v rapidly, and the amounts of tne white soliu decreuase., When the
initial pressure of inert gas head bDeen incrcasea sutiiciently to
yield approximutely 500 c.c. of gas per grain of celiulose nitrate,
no more of the wnite solid was to be seen, and insteaa the products
were entirely gases and liguius. among tne latter zldehyaes were
always prominent. Nitric oxiue was also always prominently present,
and since this gas is (in the practical sense/ tne most stable of
all the oxides of nitrogen, these facts suggest that the f{inal

| reaction in propellant burning consists in tne oxidation by nitric

; oxide of the aldehydes and other organic compounds probadly present)

to yield the finul preaucts of the burning.

I{ may be mentioned here that when we burned projpellant povidaers
containing D.N.1. under thnese conditions, a part at least ol the
D.k.T is recovered unchanged.

* In order that tne reaction might be consummated at nhigher
pressures, and aiso that we amignt follow the heat evolved s

an additional' inaex of the completeness of the reaction, succeedinyg
experiments were performed in a rarr calorimeter. The density

of loading as well as the ianitial pressure of inert gas was varied,
and tnarts Kos, 3 and 4 show the calories evolvea per gram of
cellilose nitrate consuned, as a functior of the density of loaaing.
Eacn curve is labeled aitn the inert gas wsed anu its pressure. Une
feature common to all of tnese curves except that for 10 atm. of
argon is that tnere is a region tarougnout which increase in tne
density of lozaing causes a decrease 1n the neazt ol explosion. inis
was investigatea in the following way. aAh accitional series of

runs was maae in each of anich 25 c.c. of 0.1008 N phenylhyurazine
solution was introduced into the bottom ot the bomb. After firing,
the reaction proiucts were allowed to react with tne phenylnyurazine,
whose excess was then titraied. <Tne consumption represents most
probably aldehydes and xeétones. These runs were made in the
presence of 1 ata. of CO., and it will be seen that the curve
representing c¢.c. of phenylhyarazine consumeu per gram of cellulose
nitrate has a horizontal portion at appyroximately tne same aensity
of loading at which the heat of explosion curve nas a ininimuam.,

This lends a slight additional reasonableness to tne heat of
efplosion curve, although tne role of these uldehydes is not at .all
clear,

Finally, a series of runs was made in each of which V.50
grams of cellulose nitrate was useu, and the initial pressure of carbon
dioxide varied from 1.0 to 62.2 atm. In aduition to weasuring
the heat evolved, samples of gas were witharawn and anulyseu tor
nitric oxide and nitrogen. Because of the extensive dilution
of tha reaction products by the initiully auaded carbon uioxide,
the v + s of Lhese analyses are not too accurate, but c.n, we
be :-.. pe takKen as substantial confirmation of the hypotaesis
that n. final reaction is




aldehydes, etc. + (2x + y)NO~>xCO0, + yH20 + (x + y/2)i
The -results of this series of experiments are given in Table I.

It may be mentioned thut although all of the work reported nere
is done on cellulose nitrate, Bryce Crawford atter learning of our
results obtained the same general benavior with couble base powders.

To summarize the evidence so far presented, we tnir< it is very
probable that the burning of propeliants takes place in the following
steps.

(1) Heat supplied by subsequent reactions and conducted back to
the surface of the solia propellant liberates by an endotnermual
process some highly reactive gus or gases. This process proceeds at
a rate determined only by the rate at which neat is supplied.

(2) These gases,vhen present at a sufficiently high pressure,
react rapidly witn one anotner or witn material on tne solid surface
of the propellant witn liberation of heat sufficient to sustain
reation (1) . %he significant products of this rcaction are a waite
solid and probably NJ2. Tnis reaction goes to coupletion at pressures
of 1.5 m.a, or wore,

(3) The products formed in step 2 rezct furtner to produce
gaseous and liquia proaucts. siaong these proaucts thne tnermaily
significant uwaterials are nitric oHxide ana incompletely oxiaized
organic compounuas, specitically aluehydes, 1nis reaction is essentially
complete at sometning less than atwospaeric pressure, '

(4) This reaction, which has been mos: stuaied, consists in the
oxidation of combustible organic prouucts from reaction (3) by nitric
oxiue, and is much more sluggish than tne other preceaing reactions.
This step releases about one nalf of tne energy oi the overall
recaction, anu is taerefore important. ~ecause it is so sSluyggisn,
this reaction is believea to nave no effect on the rate or the
reaction, vhica is probably controliea by stejs (1) and (2), or by
1), (2) ana (3).

It night be tnought that the densities of loauing at wnich tnis
final reaction is incouplete are Lo swull as not to re.resent
anything likely Lo occur in practice, U1t diust be rcacwbered, nowever,
tnut in tnege bomb experisencs tne reactlon prouucis are coufined,
end continue e reuact at declining rates a&s tne vemperature falls.
In a rocxket on the other nanu, the guses are retainea 1n tne wotor
caamves for & tiwme auch saorter than tals end may reuct very
incu-pletely under conditions of tewmperuture and pressure taat vould
aave resultea in coiplete reaction in & bomb. As a watter of fact,
we have invariably found tonese alaehydic interweciates in cases of
baa malfunciioning of rockets.

~10-




Initial PCOz,
atmospheres
1

14.6

28.2

62.2

G

Heat of
explosion,

cal.
530
611
630
988

/e,

TABLE I

-11-

NO in gus
vol. %
30.4

15.8
11.1

N2 in gas
vol. %
11.1

19.3

22.9

294




‘The conuitions outlined here dinuicate a seurch for a catalyst
capable of promoting tue’ reaction (4). & searcn of tne iiterature
uncarthea no previous work on catalysts for oxiautions by nitric

oxide, so one can only guess at wnal sucn a Catalyst mighi be.
The %catalysts" listed in tne table peloy were all investigated
in the following way. A V.5 grum sawple of celiulose nitrate wnen
burned in our vomb releases 530 cal/yg. in the presente of 1 ati,
0l' carbon uioxide. A 0.8 grum sample releases 725 Cai./g.

Each catalyst tried was wmixed dry with powderea celiulose nitrute
in a conceatration oIl 2%, and 0.5 gram ana 0.8 gram samples firea
in. the bomb ana the resulting neats of explosion recordeu, If the
catalyst shdwea promise, it was also tried ‘in a concentration of

TABLE II

Catalyst % by Wt.  wt. sample, ‘Heat of Explosion
‘ in ; gus. cal./gm.
' nitrocellulose :
HgCl, | 2 | .5 507
o o 2 .8 512

CuCl 2 5 - 582
8 : 223
[ i ' 2 e ; 5
Cil,C K ,80,C1 .g 575
Cr0.Cl 1 arop 2 986
<2 ' .8 - 1008
M0 .C1.H.0 2 5 562
1Az .8 ' 94,2
CoCl, 2 .5 548
: .8 1029
Kod 5 2 .5 ‘ 797
¥ ’ ’ 08 1038
0.44 5 567
. .8 1015
K.Cr. 0 2 5 943
277277 Y-S 978
0.44 .5 572
. .8 : 1032
Cr, 2 .5 538
.8 1000
4 2 .5 494
¥y .8 580
Zn0 2 .5 567
.8 580
KC10 2 5 - 860
4 .8 1041
0.5 .5 " 548
.8 1012

-12-




'Co resinate

Catalyst % by wt. wt. saaple, Heat of hxplosion
, ~in gms. cal./gin.
nitrocellulose

C00204 : 2

COB(POA)Z |
0040104)2

548
901
495
657
1098
1040 -
875
1048
557
88
557
1042
713
21095
‘ 567
622
542
549
530
75

)
\n

Co:soap

Pb soap

\

Mna resinate

NN O NN D ON N

Rosin .

L ]
A8, ]
e o o & o o o 8 o o

0f the "catalysts" listed, it is yuite plaein that a number
(Cr03, KC10 4 ete. { exert a beneficial effect merely by furnisning

oxygen. Even a swall percentage ol oxygen 1s auvantsgeous since the
temperature of the rescting gases is thereby raisea to tae point

at vnich the NO decomposes sufrliciently rapialy to support furtner
reaction. vn tne othér nana, salts ol cobult exert an erlect wvnich
seems to be truly catalytic. among tnese the cobult sult of

ebietic acid, cobalt resinate, seems to be outstanding. nere a word
of explanation is necessary. Tnieg substance vias prepureu nere in
the luboratory by heuting cobalt oxiue witn rosin, extracting

ana dying, It showed on anulysis ouly 0.34 cobalt, zbout 1/30 ¢T
the exjpected percentage of cobalt. Lthe percentzyes of coteziyst
recorded are percentages of this impure wateriul, anu snoulu be
divided by tanirty for fair comparison wih the other cutaiysts if

the effective ingreuient is reilly cooalt abletate. an experinent
was run with added rosin, ainicn wues Lotuliy inesfect.ve., deunce

the prepcration of pure cobusl abietate seews inuicated. » Single
attempt to prepure tne nickel abietate was unfortunately unsuccessiul.

Cobalt perchlorate was ulso particularly effective, as wight
be expected. Unfortunately, moit of these catalytic investijutions
were made in the week immeulately preceaing the writing of this
report and are stili in progress.
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SECTION II1I

Closed Chamber Lxveriuments with Coated Powders

A, Sunmary

Ineffective “ignition" has been suggested as one of the possible
causes of malfunctioning of rocket gowaers, a series of closed
chamber experiments made at 21°C (room temperature) ana about
-40°C, showed that rocket powder grains, wnich nad been coated
with a4 mixture oif' titanium and potassium perchlorate, were mucn
easier to ignite than uncoated grains. '

At about -40°C misfires were avoided by coating the grains.
At 21°C, the powder grains, which haa been coated, were ignited
and burned coapletely during a time period wnich was one-fourth
to one-half as long as the corresponding time perioa for the
uncoated grains. 7This aecreuse in time required for ignition and
burning caused by coating was acccmpanied by no more than & slight
increuse in tae maximum pressure observed witnin the closea chauinber.
Comparison of the results obtuined at -38°C and at 21°C with coatel
bazooka powder grains showea tnat tne rute of burning was substantially
the same at the two tewperutures. The pressures observed in the
closed caamber on firing couted grains at -38°C were only a few
per cent less than the pressures observea at rooil temgerwture. It
is concluded tnat appiying a coating of titanium-potassium
percnlorate mixture to povaer grains renders tneir ignition easier,
quicker anu leéss temperature aepeudent. As a result the burning
rate is probably aliso less temperalure dependent.,

B, Purpose

"This work was undertaken to «etermine wnether the time required
for ignition ana burning of rocket powuer at room end subzero
temperature coulu be shortened by applying, to the surfuce ol the
powder grains, a compooition coasisting mostly of titanium uand
potassium percnlorate.

The conclusions are based on experiwents made at room
temperature ana only two experiments at about -40°C. Lhe two
experiments were made on the diy before this report was written,
unfortunately, time nas not yet permitted adequate substaantiation
of these results.

C. E aengol W
(a) Coatipg the Powder Urajns

The powder grains were coated as evenly us possible with
a composition ronsisting wostly of a ajixture of powdered titunium
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(two atomic weights) and powdered potassium percnlorate (one
moleculur weight/ . The couting process consisted of firut softening
the surfuce of a powder grain by obrief iammersion in ethyl acetute,
then rolling in a thin layer of smull flakes of the titaniwa-
potassium perchlorate composition, manipulating tne coateu grain

so as to secure aanerence of the titiniun-potassiuwa percnlorate
flaxes and finally heating Ior at least 16 hours at 3U°C to
volatize the etayl acetute. 4he flaited titaniuw-potassiwa
perchlorate composition consisted of 1lU parts of tituniun-potassiuam-
perchlorate mixture and 3 parts of double base rocket powder uas a
binder. Furtner details as to the coating procedure are given in
Appendix I.

The powder grains were conventional double buse rocket
propellants. <The amount of couting cowposition amounteu to about
2.2% of tne powder vicight for the bazooka powder and about 0.8% for
the 4.5 rocket grains,

(b) Closed Chasber Firing

' . The closed chamber used was a Steel cyiincer closed at
both ends by threuded plugs. 41he crnawber was fitted with a piezo-
electric gauge of standurd design. VYn firing tae weigned powaer
sanple, the eiectricil charge generaiea by tane piezo-electric gauge
is amplified, and causea to deflect the spot on a cathoue ray
(oscillogrupn) tube. The poosition of tne moving osciliograph spot
is recorded on a cohtinuously wmoving pnoiograpgnic fiim, The [iring
of the powder cnarge was cearried out electric<lly by senuing a current
of sever.l amperes tarough a fine tungsten wire in contact with a
small roll of single base nitrocellulose powder in threau form. One
gram of thread powaer was used in eacn Iiring.

In making runs at about -40°C dry ice was used to cool tne
closed cnawmber ana tne jowder sample. in tnese experiwents, tae
powder sample was plcced inside the cinwmuber before tane dry ice wus
applied to tne outside of the canumber. ihe tenperature was ueterwinea
by means of a tnermocouple pluced insiue tne powder gruin («ll the
porder gruins tested haa one wxiul perforation). wuring the cooling
period, the opening threaded to receive tne piczo-gauge was ciosed by
a plug so as to avoia freezing the gauge. Just before uaging thne
firing, the plezo-gauge was screwed into pluce. d4he rest of the
firing was done in the ususl way.

Allowance was made for the temperature rise of a few uegrees
centigrade which occurs during tnefew minutes requirea to screw in tae
piezo-gauge and make the electrical counections preparatory to firing.

The low temperature (about -40°C) wus reacned eitner by cooling
directly from room tewperature until the theraocoupie inuicated a
temperaiure of slightl¥ bolow -40°C or by Leepying &b ary ice
temperature (about -65°C) for several hours, taen rcuwoving the
closed canamber from the ury ice and allowing the temperature to
rise gradually to about -40°C. Tne first amethou of cooliny wa$s used
with the coauted bazooka powder and the seconu with tnc coatea powuer
for the 4.5 rocket.




The meximum pressures were computed from the osci;lograyh'record
using the well estublisined, stanaara smetnods. The osciliogrupn
"pecord sives, essentially, the pressure as a function of tne tvime
measured in mil.iseconds. The point in time, at which thne switch
vias closed to ignite the tnreaa powder, is also recorded on the
oscillograph record. The time elapsed from tne instant of closing
of the ignitor switch to the instant &t which the pressure curve
reacines its maximwa nas been taken as the "ignition and Burning
Time (Lotal)". Values for the"Time tieyuirea for Pressure to
Rise from 10% of jiaximum to the Maximun Value" were also reud froa.
the oscillograph record and are given in Tabies YL ana IV, :

The cnemical anuiyses and grain dimensions of the powders used
in these firings are given in Table ¥Yi .

D, ‘Discussion of Results

Before attempting to evaluzte the results, it seews advisable
to establish a criterion for Juuging the significence to be attacnea
to the various values of pressure and burning time. Yable yI
presents duata obtaincd on making six repeat firings at room
tewperature with single base ponder in wnich all conaitions were «ept
identical, as far as posrsiilleyand in wnicn the pressure ana time
measuring techniyue was tne same as that usea in tne firings
reported in wables Illznd IV. This single base powouer wss l55mm.
noviitzer "green bag" cnurge and was in the form of single perforated
grains of . 0.0165" web thickness. Data prescated in Table VI' snow
that . the a2verage of the pressure aeviation is l.41p of tne average
maXimum, préssure, vhile tne average aeviation in tiwe of ignition
e e PR g > 05 Averan s
E%W§9 05 of the average vclue.

PO e sy, T ’ .

" "ThHe data in lzble i snow tnat coating the bazooxa powder with
the titaniwn-potassiwn percanlorate composition nas a number of
effects. The coating decreased the totul ignition anda burning
time at 21°C by 74% of that observed with the uncoated powder. The
maximum observea pressure at 21°C was increased by 7. The uata
are regarded as too aezgre to attacn any signilicance to the uliierences
in time reguireda at 21°C for tne pressurc to rise from 1lU» of the
maximun to the maxiimum value. The failure of tne uncoated ponver
grains to fire at -38°C inuicutes the greater ease of ignition ol
the coated grains under adverse conaitions. aAttention is airectea to
the fact that, at -38°C; the pressure developed was only 6.5% less
than at 21°C. Workx by Dr. R. B. Dow of the Baliistic Research
Lazboratory had led us to expect that tne . mpaximum pressure at ~-38°C
would be approximately one-half of tnat at 21°C. Lt is not «nown
at present waether tne surprisingly nigh pressures obtainea at
-33°C witn tne coatea grains is due entirely to iwprovea ignition
or to other effects. +investigations on tnis point are in progress,
The ignltion and ourning tiume of tnhe coateu bazooka grains incregsed..-—-
from an average of 0.313 seconus at 2L°C to 0.431 seconds at -38°C,
Th2 time regquired for tne pressure to rise from 1O0% of maximum Lo
the maximwa value was nearly thesame at -38"C as at 21°C for the coated
bazooka powders. Further experiments will be needed to estabiish




wvhether significance is to be attached to the observed differences
caused by the lower tcmierature in the burning time and on the time
for the pressure to rise from lU%» of the maximum to tne maximum
value.

Data relative to the effect of the titanium-potassium percalorate
coating on ignition and burning of propellant for tne 4.5 rocket are
preseated in Table IV. The effect of the cousting on the maximum
pressure developed at -38°C wus tne same as with tne bazooLa powder,
The effect of lowering the temperature Irom 21°C to -40°C on the
ignition and bwrning time of the coated 4.5 rocLet greins was larger
than that observed with the coated bazooka powder. an explanation
of this difference mignt be sought in the possibility that at the time
of firing a lower teaperature may have prevailed in tne web of tue
4.5 powder grain. It is recalled that the 4.5 powder was neld at
avbout -65°C for several hours, while the bazooka powder was not.

APPEWNDIX I 0F OrCTION III
Coating of Powder urains

The material used for co:ting tne powder grains was prepared
as follows. Powderea titanium (obtainea from iletallic iydriues, 4nc.,
Beverly, Mass.) anu potassium perchlorate (risherts, CP) vere iriei
separately for at lewst four hours in an oven kept at 80°C.
139 grams of potassiwa percnlorate (corresponding to one gram
dmolecule) were welgaed out znd carefully grounu Dy nana in & morter.
The ground potassium perchlorzte was tnen mixed «ith 95.8 grams of
powdered titaniwa (correspunding to two atomic weights of tnis wrt:l’
This mixing was carriea out vy using a Spatula to mix &nu turn the
titaniwn anu potassium perchlorate spreaa out on 2 sneet of iraft
puaper. It is not believed aavisable to use grinaing equipitent, e.g.,
mortar and pertle, to eflect tne mixing oi the titanium anu th .
potassiwn percnlorite aue to aunger of setting off the material. 40
grams of the titanium-potassiuwn percnloruate uixture were mixea with
eight grams of uouble buse rocdet pouaer uissolvea in about 35 c.c.
of acetone to form a soft uougilike mass. More acetone was udaed
from time to time during the mixing to seep tne mass plestic una
viorkable. The cowporition was then diluteda to a uwnin paste witn
acetone, spread out in tnin streaks on plate glass ana allioweu to ary.
The dried streass were scraped off in the iorm ol Iluges. 1These verc
screened using a piece of copper tly screea of about <0 wesSa ger inch.
The flaukes passing tarough the screen were used to couat tne powvaer
grains. )

Before actually coating the pouder graini, a thin, neurliy .
continuous leyer of the titsniud-potassiun percaloruate fiakes
was spread out on Kraft paper. A powder grain waes tnen subuergea in
ethyl acetate for about two secona., taen withurawn, sliowca to uruin
briefly ana tnen roliea at once in tne tituniuwa-potassiua pcrecaleate
flazes spread out on the kraf't puper. dthe flukes were broyvint into
intimate contact vwith the powder gruin by narking wilh tne lingers,
The poader grain was taen aliowed to dry for & few awinules and
flakes which were not firuly neid removed by rubbing tne gruin surfuce
with the lingers. With a little practice, this tecani,ue prouuces a
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powder grain almost completely coverea with a firmiy bonued coating
of flaxes of titanium-potassiwun percalorate mixture. The coated
grains were then a«llowed to ary at lLeast 16 nours in wn oven

heatea Lo 8u°C for tne purpose of ariving off etnylacetate.

The interior of tne axial perforation of tne powder grains was
not coated with the ti“anium-potassiwn percnlorate coamposition.
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‘TABLE V

Analysis and Grain vimensions of Rocxet Powders

.analysis '
Bazooka Powder .5 Nocxzet Powder
(Lot 109Y76)
Nitrogen content 13.23% 13.24%
(of nitrocellulose
orponent) _
Nitroceliulose 58,799, 58 .26
Nitroglycerin 40.56% 40+ Shjo
Ethylcentralite o e 1.01%
Diphenylamine 0.65% 0.1G%
Total Volatiles 0.37 0.67%
Moisture 0.51%#% , Not given
Ash 0.6 % 0.5 %

#Moisture content exceeds maximum permitted which is 0.40%.

Grein Uimensions (In Inches)

Bazooka Povder . 4.5 Kocket Powder
(Lot 10976) fLot 9971)

~ Length 4.6 5,149
Diameter : 0.371 0.878
Perforation 0.06 0.272
Number of Perforations 1 1
wWeb Thickness 0.155 0.3030
Density 1.63 1.62

\
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SECTION IV

Static Firing at Reduced Loadings -

—

A. Swunary

The practice rocket grenade (the 2.36" rocket) was fired
statically at reduced loading, and thrust-time measurcments
were obtained. Normal type of equations were obtained for
burning rate vs average thrust and average thrus vs. k, the
ratio of powder area to throat area. iowever, a plot of the
arca under the thrust-tine curve per unit weight of powder, a
mecasure of the momentum released by the powder as a function
of loading, shows an abrupt falling off of availuble cnergy

for charges below " of normal charge. This

decrease of relcased momentum is accompanied by the appearance
of reaction products within the rocket body after firing.

The important variables in rocket désign which affect the

_burning of the propellant are the weight of propellant used,

its diiensions, the amnbient temperature, the area of the
nozzle, interior dimencions of the rocket, and the tyge and
size of the igniter. ‘'his report presents a brief study of the
effect of weight or propellant used, the other factors re-
maining nearly constant.

B. Experimental Work

The practice rocket grenade, Tll, using an aluminum
covered electric squlb as igniter, was statically fired at
loadings from normal, 65.0 grams, down to 22% of nornul.
Thrust-time records were obtained in each case, together with
visual observations. The powder used was Standard.double base
rocket grenade powder having the specifications:

Nitrocellulose (13.25%N) 59.25 ; 2.0u
Nitroglycerin 40.00 T 2.00
Diphenylamine 0.75 - 0.10

Immediately after each firing the rocket grenade was opened
and the interior examined. In several cases, unburned povider
was present, and such powder was weighed :o determine the
amount of powder burned. dotion pictures were tuken of euch
firing with a 120 frame per second camera. 7The results are
presented in Table III, and certuin values plotted in

Figures 5, 6 and 7.

cC. Discussion of Results

An examination of Table III shows that as the lowding
was reduced, a point was reached at which the powder was
only partially burned. Further reduction cuuses a series
of U"chuffs", with increasing consuuption of the powder,

-27-




until the powder is all consumed. Further reduction results
in a smualler number of "chuffs" of decreasing intensity.
Accompany these effects, is the appearance of residues
within the rocket after firing. These residues included
~aterlal of aldelrydic nuture.

Figure 5 shows the area under the thrust time curve
per unit of powder as a function of the initial weight of
powder At about the same loading that partial burning is
found, the momentum released falls off sharply. This effect
agrees with the presence of reaction products as indicating an
incomplete type of reaction. _It may be noted that the ordinates
in this figure correspond toej Pdt/k, which Golden (NDRC A-97)
has theoretically shown to be¢ a constant for normal operation.

On the other hand, plots of the burning rate as a function
of average tarust, Figure 6 and average thrust as a function
of k, Figure 7, show no discontinuiiies in these regions.
Data of Golden (NDRC A-97), for the same kind of powder in
the rocket grenade, are plotted on these figures and agree
very well.

vhen unburned powder was recovered, the appearance of the
powder correspoinded to that reported by Lngligh workers
(AC 1050) as to the waviness of surface, and increased burning
of the end of the powuder grain at tne closed-end of the rocket.

D. Conclusions

Reduced loading of the rocket grenade gives results
comparing closely with those obtained at normal loadings as
far as burning rate and average turust are concerned. The
total momentun released per unit weight of powder fails off
abruptly, however, in a definite region as the louding is
reducad. Since, however, the length of burning time has
attained its maximwp, before this region of partial burning
s reached, it may be expected that this region will not
enter into a study of the normal rocket grenade. Long
burnins itself gives unsatisfactory operation since the
operator’s face will be burned.

oﬁﬁhgﬁxﬁ;cﬁ,f

Joseph E. nayer J. H. Frazer
lst Lt., Ord. Dept.

J. W. Perry H. D, Burnhaa J. H. Weigand
lst Lt. Ord. Dept. lst.Lt., Ord. wept.

C. Fennimore
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND MD 21005-5067

AMSRD-ARL-O-AP-EG-SI (380) 12 October 2004

MEMORANDUM FOR Defense Technical Information Center,
ATTIN: DTIC-BCS, 8725 John J. Kingman Road,
Suite 0944, Ft. Belvoir, VA 22060-6218

SUBJECT: Distribution Statements - U.S. Army Ballistic Research
Laboratory (BRL) Reports

1. References:

a. BRL Report 339, “On the Use of CO; as a Propellant in
Guns”, by J. H. Frazer and J. R. Lane, March 1943,
UNCLASSIFIED.
343 D~
b. BRL Report 354, “Heats of Explosion of Nitrocellulose in
Indifferent Atmospheres (Part 1 of Mechanism of Powder

Burning)”, by J. H. Frazer and C. P. Fenimore, August 1943,
UNCLASSIFIED.
c. BRL Report 353, “Report on Temperature Dependence on

Rocket Behavior,” by J. H. Frazer et. al., May 1943,
UNCLASSIFIED.

d. BRL Report 465, “Experiments on Ignition of
Nitrocellulose”, by C. P. Fenimore and J. H. Frazer, May 1944,
UNCLASSIFIED.

2. Subject matter experts and the Army Research Laboratory
Security/CI Office have determined that the referenced reports
may be released to the public. Request that you mark all of
your copies of the documents with the following distribution
statement:

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

Printed on @ Recycled Paper
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SUBJECT: Distribution Statements - U.S. Army Ballistic Research
Laboratory (BRL) Reports

3. Questions should be directed to Mr. Douglas J. Kingsley,
telephone 410-278-6960.

L.,
DAVID W. CRE
Manager

Experimental Support Group



