UNCLASSIFIED

AD NUMBER

AD472135

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 20 SEP
1965. Other requests shall be referred to
Feltman Research Laboratories, Picatinny
Arsenal, NJ.

AUTHORITY

PA ltr dtd 27 May 1966

THIS PAGE IS UNCLASSIFIED




SV
R
rwe

v 3F
(RS

T % SRR TA
LGRS i)

S AR DI

ERE

PSR

EEE

Sl A

B TN N A L A O L

T it SR e B G g 7S

TR RS IR

SECURITY
MARKING

The classified or limited status of this report applies
to each page, unless otherwise marked.
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
{Is CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data a.e used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto. ‘

‘ «
-




e\ A R A H N RN,

;.:2'; fl’yﬂ‘ -{W}. ~ TP D

R TR
W

gL ir“"“"*‘ﬂ’;;":? I s

Mechanism of Catalytic Ignition
and Combustion of Solid

Rocket Propellants (U)

by

Y, A, Tajima

Bimonthly Report No, 2

for the period

July 21 to September 20, 1965

Contract No, DA-28~017-AMC~2222(A)

AMCMS Code No, 5221.11.58500
New York University
Department of Chemical Engineering
for

Feltman Research Laboratories
Picatinny Arsenal, Dover, N.J.

By T

L

i—ﬂi r

t?)!-“f“ L ] u\u‘ ; ‘:)
i b

/"u

f‘%
;4 00T211965 ‘

b ";l
ilwsi

TISIA D




- . " sl gy
A e A R T R D 10 o SR A T NPT o oot 2 LI (A s O
o o A U e e T L o s S e T i b o B B et e P 05 i

-

1.

2,

2.1.

Solid Rocket Propellants 1

Bimonthly Report No, 2 ~9/2l4/65
This bimonthly letter report describes the work in progress

under Contract No, DA~28-~0L17.AMC~2222(A), The investigators are

Dr, Leonard Dauerman and Messrs, George E. Salser and Yuji A, Tajima,

Assistance in data reduction is being rendered by Messrs., Everett R,

Allen and Vincent Mancini.,

Introduction

The objective is to investigate the mechanism of action of
burning rate catalysts in the ignition and combustion of doubie-base
propellants, Experimentally, the surface temperatures of burning pro-
pellant strands are measured and chemical~kinetic investigations of the
products of degradation of the regressing surface are carried out, Heat

is supplied by an arc image furnace for the ignition studies,

Progress Report

Ignition Times and Temperatures

A typical surface temperature vs time plot of an igniting pro-
pellant strand is shown in Fig, 1; the example is that of Lot 2885, un~
catalyzed propellent, The profile is self-explanatory, The tempera-
ture at which a sudden increase in temperature occurs has been designated
the ignition temperature; the corresponding time is then the igntion
time, The steady~-state temperature has been designated as the "“burming
temperature®, These values as a function of relative heat {lux are
tabulated in Table I. for those runs in which temperatuve~time records

have been obtained,

e e kbl R OISR

et .
2 SR




Temperabure~Time Profile
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Table I.

Ignition Characteristics

Ignition Igrition Burning
Relative Time Time Temp,
Heat Flux Seconds °c. oC,
Lot 2885 (uncatalyzed
100 67 211 335
33 80 220 3L8
82 215 339
78 227 3hk
25 184 210 33%
158 150 335
Lct 2886 (catalyzed)
33 63 225 390
82 20 370
25 157 _ 207 355
165 195 335
154 210 355
Nitrocellulose
20 286 205 L35
118 205 uhs
16,3 393 192 -
Nitrocellulose (NOg pretreat)
33 33 200 Li5
37 205 410
32 210 4128
20 169 210 -
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A plot of log t; (ignition time) vs relative heat flux is
given in Fig, 2, Igntion times for the basic matrix, catalyzed propellant
(lead stearate), and nitrocellulose fall pretty well on a straight line,
On the other hand, NOp pretrea*ment of nitrocellulose appears to markedly
decrease the igntion time, Pretreatment consists of exposing the NC
pellet to 9,35 torr NOp for 5 minutes, The NOp is then flushed out,
prior to heating, with the carrier gas which is a mixture of 1% Ar in He.
é Two points did not fall on the linear plot; viz., one NC test at 20%

relative heat flux and a sample of 2885 at 100% relative heat flux,

ty for the latter test is 67 seconds which appears to be inordinately

longy t3 of NC under the same heating rate measured approximately 3-1/2

seconds (visual observaiion, no T vs t record).

The ignition temperature appears to be independent of the heat-

% ing rate and the same for uncatalyzed double~base, catalyzed double-base
and nitrocellulose, On the other hand the burning temperature is much

E higher for nitrocellulose than double~base and higher for nitrocellulose
without NOp pretreat; i.e., NOy pretreat appears to lower the burning

% temperature of nitrocellulose, In the case of double~base propellants,

the burning temperature may be higher for higher heating rates, It is

interesting to note that our values of burning temperatures for double=

base agree quite well with the surface reactior. zone temperatures of

burning double~base measured by Sabadell, Wenograd and Summerfield(l);

viz., 268, 333, and 332°C., at 150, 100 and 50 psig, respectively.
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IGNITION TEMPERATURE
VS
RELATIVE HEAT FLUX
O 2885 (Uncatalyzed)
® 2886 (Catalyzed)
A TNitrocellulose
A Titrocellulose (NO2 Pretreat)
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2,2, Mass Spectral Date

The films (mass spectra) from the various runs (see last biw
monthly report, No. 1) have been read, It is difficult to make direct
comparisons between run records because the spectra could not be ree

corded at different instrument attentations simultaneously, With

A, e

the present read-out system, it is only possible to record at one

attenuation per run, Thus, it may hapnen that intense peaks go off scale,
that less intense peaks record weakly, or both, This limitation also
decreases the precision and accuracy of our mass spectral analysis,
Ideally, the mass spectra should be recorded during a firing run at
3 4o 5 attenuations simultaneously, We hope to do this soon by use of

, a gang of amplifiers and mulbi-channel magnetic tape recording, Time

| and surface reaction zone temperature can also be recorded simultaneously
on other channels, A particularly neat procedure to analyze the mag-tape
would be to feed it as imput data to a hybrid computor and obtain the
reduced data in digital form, However; this computor is not presently

available at New York University so the present plan is to read it out

on a Visicorder.

The data from runs D-li, D=6, and D=8 are presently being analyzed;
; they are uncatalyzed double-base; catalyzed double~base, and nitrocellulose,
’ respectively, D-lli, nitrocellulose with NO, pretreat, also is to be
analyzad for comparison with D-8, These runs have been chosen for analysis
since the mass spectra vs time records are the best ones for each

particular sample,
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30 Program

The mass spectrometric (chemical) analysis of runs D-l and D=6

should be conpleted and considerable progress made on D-8 and D-1l dur-

ing the next reporting period,

9/24/65

We hope to carry out trial runs to test the applicability of

the mag-tape~visicorder readeout system.

The work is upproximately 5% completed and the expenditures

thus far is 15% of the funds allocated to this project.
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