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ABSTRACT

Conziderable effort was expended to acquire samples of old propellants
to be studied, Propellants from 2 Hawk motors (age, 54 years) were obtained
and progress was made toward getting samples of a Minuteman Wing I, first stage
motor, An inventory of samples alrsady on hand indicated & varied assortment
of propellants from 3 months to 74 years in age, NModel propellants were cast
and cured to compare the effects of acceleraied aging with normal aging,

Optical investigation of Hawk and Polaris Cycling Unit propeilanis
reveal that the concentration of reaction sites is greater at the open end,
In a Minuteman Ignitor propellant szubjected to accelerated aging, the con-
centration of aging reaction sites is the same at both the closed and the
open snds,

Micromanipulation of the aging sites indicated that ths polymer had
degraded and could be easily separated into phases., It was demonstrated that
a De Fonbrune Microforge could be used to prepare a number of micro-utensils
for use in this stvdy. An electron diffraction pattern of a nen-melting
solid in an aging site was obtained buv its interpretation was not carried
out,
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rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto,"
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MICROSCOPIC AND MICRCCHEMICAL STUDY OF
AGED SOLID PROPELLANT CRAINS

I,  INTRODUCTION

This is the first Quarterly Technical Repert submitted in partial ful-
fiilment of the requirements of Contract AF 04(611)-11637, The report covers
the period 18 July to 31 October 1966,

The objectives of this study are to determine the course of the chemical
aging process cr processes in solid propellant formulations and to define the
effects of these degradative chemical processss on the mschanical and bailistie
oropsrties of the propellant,

In accordance with these general cbjectives, the studies huve been
divided inte two phases, The objectives in Phase I are to deturmine the
structure, size and distribution of microscopic reaction sites in solid pro-
pellanis as a function of age, formlation and storage environments; and to
optically characterize and chemically analyse the reaction intermediates and
preducts, In Fhase II the mechanistic course of the aging procass will be
defined,

Work during the first quarter consisted of acquisition of propellant
from field aged motors, preparation of model propellant grains fer accelerated
aging studies, exploratory microscopic examination of the acquired samples,
and initiation of optical and related microscopic studies,

II. PROPELIANT ACQUISITION

A. TYPE AND AGE OF SAMPIES

Previous work showed that microscupic reaction liul(i)muxnd in
samples of propellant taken from field aged motors formulated from polyurethane,
aluminum, ferric acetylacetonate and ammonium perchlerate, Therefors, grains
of this type were acquired first and other formmlations will be acquired and
examined later,

(I)J L. McGurk, "Determination of Near Solid State Chenges in Aged
Prcpallanta" A.I.2.4, Journal, 3, 1890 (1965).




The ages of grains containing reaction sites were between 3 and 7
years, Raaction sites were not observed in field aged grains less than three
years of ags. GCrains over 7,5 years were not examined, The concentration

of reaction sites increased with time and their internal structure also
changed, Both these characteristics differed between formulations, Thorough
comparison of several different formulations from full scale motors of differ-
ent sges would be ideal, but not practical, Therefore, samples cut from motors
during previous years and stoared in our laboratery facility will be used, In
these samples the reaction apparently stopped when the sample was cut from
the grain sc'that the nominal age at time of cutting will be reccrded plus a
nets a8 to its irue age,

B, HCI(R GEOMETRY AND AGING SITES

Since, in a motor the reaction sites form a concentration gradient
in both radial and axial directions and analysis of ihe entire grair was not
feasible, some part of ths gradient had to be selscted for sampling, Furiher-
more, the grain area selscted for microscopic study might not be the best for
cheumical analysis; thus considerable exploratory work was necaessary rier to
the selection of regions in the grain to be studied,

The relationship of the concentration gradient to motor geometry
is a significant factor in this study. Howsver, schematic grain diagrams are
used to indicate sample location and more accurate diagrams will be prepared
when specific gradients are to be shown,

C. PROPELLANTS ACQUIRED

1. Hawk Motors 15062 and 15121

The principal samples acquired during the first quarter were
frem two 54 year old Hawk motors,

The ilawlk, motor 15121, was from an Army surveillance progrem
of {ield motors. The storage history will be reported later, The aft closure
was removed and two crlindrical sections (2 and 3, Figurs 1) were machined from
the grain by Hawk projects at Aerojet-Gensral, The motor was then transferred
to this program, Becausc nf the small bore diameter, additional propellant
could not we turned out on the lathe and thy stesl case was cut at a distance
of 23 inches from the aft end by an c¢lezirolytic method, The grain was then
parted with a saw and a cylinder cf prcpeilant 10 inches long (Section k,
Figurs 1) was slippsd out of the case, Machining causes the loss of several
inches of propellant which is not lost when the alectrolytic method is used, .
Another Hawk motor, 15062, from tne same surveillance group failed during test
firing and samples wore recovered and reassembled so that their original
goome oical location could be determimed, The schematic, Figure 1, of the
Hawk shows the approximate sample size and position in both motors,
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2. Minuteman First Stage Wing I Propsllant

Additional effort consisted of arranging, with the help of
Lt, Bargmeyer (EA¥B) and Mr, Granath (Hill AFB), for samples from a Minuteman
First Stuge Wing I motor being ssciloned by Thiokol Chemical Corp, In arranging
for these samplus, & diagram -nowing suggasted sample locations was sent to
Mr, Granath, The actual sample locations will be reported when the sample and
related data ars received.

Figure 1

Schematic Out of Hawk Grain Indicating
Lreas from gshich Propellant was Removed
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3. Previously Cut Samples Stored at Aercist

The moat important samples in laboratory storage are those
from a Polaris Cycling Unit and consist of ray sections, 10 inches long, from
both fore and aft ends, Several of these sections were cut when the grein yas
5§ years oid in 196k, and one mors was cut at 74 years in 1966,

i, Samples on Hand

The samples now on hand are listed ia Table 1 giving the
nominal age, weight and formula designation, '




Table 1
PROPELLANTS AVAILABIE FOR AGING STUDY

: Motor Age Wsight ANP
Hewk 5% years 150 1bs 2832 Mod I
2830 Mod I
Hawk i} years 5 lbs 2832 Mod I
2830 Mod I
Cycling Unit 7% years 10 lbs 2639
Cycling Unit 5% years 50 1bs 2639
Tartar 2 yaers S 1lbe 2915 Mod I
Minuteman Ignitor 3 monthe 2 oz 2758 Mod II
Minuteman Ignitor 9 months 2 o2 2758 Mod II
Minuteman Ignitor 12 months 2 02 2758 Mod II
Minuteman Ignitor 1 year 2 oz 2758 Mod II

III, PIEPARATION OF MQSEYL. GRAINS

Just prior to the start of ihe program, microscopic aging rsaction sites
were observed in some Minuteman Igniter grains undergoing accel- -ated aging,
About the same time a sample of an ignitor grain was obtained from a field agad
motor, Comparison of the microscopic reaction sites showed a difference in
distribution between the field aged and accelerated aging samples, To study
their difference and provide samples from slightly different formulations, some
grains were cast using the ignitor formulation, Two motors of 3K3-1000 size
were prepared in split Micarta cylinders, L.75 inches in diamster and 18,6
inchss long, with a gear core. These were cut in half providing four grains
which were placed in ovens of different temperatures. The intent of this pro-
cedure was to gain information on specific reasctions tnat might be temperature
dependent, Two motors of the srme size wers prepared with a& bipropsllant con-
figuration using the Hawk formuiation to investigate its accelerated aging
characteristica, The propellant in these motors did not cure and a decision
concernirg new preparation of these model grains was not made,
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The program for storage and sampiing of the model ignitor grains ie
to store three of the grains at 180°F, 122°F and 110°F, The fourth grain
will be cycled betwsen 13C0°F anrd 50°F, Sampling wili be monthly for the next
three months and quarterly thereafter, Initial microscopic studies showed
that no reaction sites ars present,

IV, OPTICAL AND RELATED MICROSCOPIC Pr.OCEDURES

A. EXPLORATCRY STUDIES (F MICROTOMED THIN SECTIONS

Optical work consisted of expleratory microscopic studiesz on pro-
pellant thin sections taken from the samples in order to program moter die-
section, The aft end of the Hawk grain contained a high concentratien ef
tolored reacticn sites along the bipropellant interface., The concentration
decreassd toward the fore end, The samples from the failed motor which wers
nsar the center of the motor did not conmtain the reaction sites, A concen-
tration gradient appeared to exist and this was confirmed by examining the ’
fore and aft end of sample lj in the Hawk moter shown in Figure 1, When
Section 5 is remcved, a continuous section between the two motors will be
available azd conditions along the axial gradient can be atudiecd,

A curious difference in the distribution of reaction sites was
observed, In the Cycling Unit which was open on both ends, the end saaples
had approximately the same concentration of reaction sites, In the Hawk moter
which was open on the aft end; the concentration of reaction sites decreased
toward the closed forvard end, However, the 12 month ignitor moter which was
agel at accelsrated conditions had the same concentration -. both ends, although
the motor was sealed at one end only.

B, REIATED MICROSCOPIC PROCEDURES

To investigate the structure and composition of tla reaction site,
micromanipulators were sat up and used to obtain data on structural propertiss
of the reaction site such as the hardness, elasticity and interface adnesion
between the different optical phases, Initial attempts were very succescful,
Probes could be used at maximum objective power and the thin ssction counld
easlly be held in place with controlled movemants of .. microscops mechanical
stage, With two manipulator probes, the sequence ot phot-micrographs in Figaire
2 was taken, Figure 2b sheows separation of the binder fro: the alumirum whevw
vhe probes are shifted latterrally from the position in Figure 2a, Raposition-
ing of the probes in Figure 2c and then pulling them apart in Figurs 2d,
causes separation of two ¢ more gel phases in the binder., 3y repeating the
sams movements in an area away from the ruvaction site, the binder phase stretched, é

e 1

but no failure occurred, The ease with which separation of bindser phasea {n the
reaction site is evidence that within the reaction site bonds have been broksa
in the once continuous polymer phasa,




C., CHEMICAL MICROSCOPY PREPARATION

A De Fonbrune Micrefor:s was borrowed from Alce Scientific Co,
Micropipettes and microccnes shown in Figure 3 wera preparsd., Figure 2a shows
a dslivery tip of a pipeite with a uniform taper and clean sharp tip, Furthsr
up, the shank has a uniform ¢cylindrical section, as shown in Figure 3b, Obser-
vation of & liquid miniscus in this area with a grid reticle in the microscope
eyspiece will permit delivery of pico and nanoliter volumes of liquids, The
reaction vessel is called a cone and is shown in Figure 3c, The small size of
the cones made handling difficult and a procedure was developed for welding a
stenm on to the cone as shown in Figure 3d, This microglassware is used with
ths micromanipulaters, The conss are mounted in a humidity c3l1l on the micro-
scope stags whils the micropipette is heold in the micromanipulater and con-
nscted to a syringe for delivery of solution to the cone, The semple of
unknown is delivered to the cene with one sf 2 seriss of microprobes,

D. BLECTROX MICROSCOFY

Thin sections of propellant, less than one micron thick, were
microtomed with the diamond knife and examined in the transmission beam of
the electron microscope, The binder phase tended to slowly burn in the
slectron beam and the NH,C10, decomposed wrile tle metal phases remained un-
changed, Howaver, these processes ware sle¢ unough so that the react.on site
features could be examined, VYarious morphc.ogical features c~uld be noted for
comparison, characteristic melting differencs under a higher beam intensity
permitteC differentiation of aluminum from other solids (presumed to be copper
chromite), and some very good electron diffraction patterns were obtainsd from
these non-melting methls, Interpretation of the diffraction pattern has yet
to be carried out, This technique should yield information on the role of Cu
awd Or in the previously postulated Fe- and Al-bhinder reactions,

¥ FUTURE WORK
The effort during thne next three months will be more in the optical

laboratory, chemical studies will be initiated, and there ill be less effort
on sampic ~~quisition,
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MICROMANIPULATION OF REACTION SITES

Pigure 2




"«.%Tﬁhn.. “,*’v"”“.
R 5
W= .
; 5
IF
AN A
3
|
11
: !
“ |
%
{
i
1 {
i
=
1
.
‘

100X d 35X

Figure 3




UNCLASS IF IED
Security Classification

2 R T S TR NS TR WU NI A TSI

DOCUMENT CONTROL DATA - R&AD

(Socurity classiticetion of tiile, body of ab and indexin tadion must be etered witen e oreia| o sisonified)
1. ORIGINATH TG ACTIVITY (Corporate suthes) 2o, REPORT GRCURITY € LASIPICA ViR
Aerojet-Gensral Corporation Unclassified -
P, 0., Box 15847 26 sRouP
Sacramento, California

3. REPORT 7iTL K

MICROSCOPIC AND MICRCCHEMICAL STUDY OF AGED SOLID PROFELLANT GRAINS (U)

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

First Quarterly Report - 18 Julv to 31 October 1966

8. AUTHOR(S! (Last name. fimt name, initiel)
4 Di Milo, Anthcw Jo
McGurk, James L,

6. REPORT DATE 74 FOTAL NO. OF PAQUES 708. NO. OF REPFS
‘November 1966 L. 1
8a. CONYRACT OR GRANT NO. 8. ORIGINATOR’S REPORT NUMBER(S)

AF 0l4(611)-11637

b PROJECT NO.

' 31L8

AFRPL-TR-66-310

5. QTHER REPORT NOE) (ARy ofher mcubese @0t map b sseighred

1082-81Q-1

d.
10. AVAILABILITY/LIMITATION NOTICES )

"This document is subject to special export controls and esach transmittal to -
foreign governments or foreign nationals may be made only with prior approval
of AFRPL (RFTR/STINFO), Edwards, Californis 93523

$1. SUPPLEWMENTARY HOTES 12. SPONSORING MIL'TARY ACTIVITY
Air Force Rocket Propulsion Laboratory
Research and Technology Division
Edwards, Califernia
13. ABSTRACT Air Force Systems Command,

United States Air Force

Considerable effort was expended to acquire samples cf old propesllants to ba
studied, Propellants from 2 Hawk motors (age, 5¢ years) were obtained and pro-
gress was made toward getting samples of a Minuteman Wing I, first atage metor,
An inventory of samples already on hand indicated a varied sssortment of propel- -
lants from 3 months to 74 ysars in age, Model propeliants were cast and cured to
compare the effects of accelerated aging with normal aging,

Optical investigation of Hawk and Polaris Cycling Unit propsllsnts reveal
that the concentration of reaction sites is greater at the open .+, In a Minute-
man Ignitor propellant subjected to accelerated aging, the cuncentration of aging |
reacliou sites is tha same at both the closed and the open ends,

Micromanipulation of the aging sites indicated that the polymsr had degraded
and could be easily separated irt. phases, It was demonstrated that a De Fonbrune
Microforge could be used to prepare a number of wmicro-utensils for use in this
study, An electron diffraction pattern of 2 non-melting solid in an aging scite
was obtained rtut its interpretation v . not carried out, '

DD .2 1473




&

UNCLASSIF IED

e, X W

: s-cnsg ClensiBiostion

te
: ®EY WORDS

LiMK A LINK B LINK C

ROLE ®T RCLE ®T ROLE wY

. Orain Aging
Propsllant Aging
Microscopic Twochniques
Hawk Aging

Polyurcthans Aging

Polaris lging

Minuteman Tsujter Propellant Aging
Aging Raact.ion Sites

1. ORIGINATING ACTIVITY: Eate the name and addreas

of the cortzactor, tubcontractor, grantes, Department of De-

tcm sotivity or other organization (corporate author) iasuing
the repost.

2&. REPORT SECURTY CLASSIFICATION: Enter the over
all oecurity claseification of the report. Indicate whether

“Reatricted Date” i0 included Marking is tc be'in sccord

ance with appropriste security regulations.

2b. GROUP: Automatic downgrading ia specified in DoD Di-
rective 5200, 10 wd Armcd Forces Induatriel Mammel, Enter
the group number. Also, when agpiicsbie, ahow that optional
i-.:r.:inu have teen used for Group 3 &nd Group 4 ‘as author-

3. REFPORT TITLE: Enter the compiete report titie in all

capltal lettsrs. Titlea in all casea should be uncisasified.
If & meaningful title cannot be select~d without ciasaifics-

tion, show titie claasification in all caritals in parenthesis
immediately following the titie.

4. DPSCRIPTIVE NOTES: If appropriite, eater the type of
teport, e.g., interim, progreas, summery, annual, or final,
Give the inciusive dstes when a apecliic reporting period is
covered.

S. AUTHOR(S: Enter the nsme(a) of suthor(s) s shown on
or in the report. Enter isst name, first name, middie initial,
If military, show rank end branch of aervice. The name of
the pripcipal author is an absol*© minimum requirement.

6. REPORT DATE: Eunser the date of the report sa day,
month, year; or month, yesr. If more than one dste appecrs
on the report, use date of publication.

Ya. TOTAL NUMBER OF PAGZZ. The total page count
shouid foliow normal pagination procudurea, L.\, enter the
rumber of pagea contsining informaiion

7b. NUMBER OF REFERENCE® Enter the total number of
refsrenceéa cit=d in the report.

8a. OCWTRACT OR GRANT NUMBER: If sppropriate, enter
tte sppiicshle wumber of the contract or grant under which
the report was writtan.

8d, &, & 8d. PROJECT NUMBER: Enter the sppropriste
military department identificstion, such as project number,
subproject number, system muinbers, task number, etc.

9a. ORIGINATOR’'S REPORT NUMBER(S): Enter the offi-
cisl report number hy which the document will be identified
and controlled by the origlasting ectivity, This number must
be unique to thia repoet.

b. OTHER REPORT NUMBER(§): I tM report hie been
sasigned any other roport aumbers (¢!ther by the originator
ar by the sponasor), also entsr this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Eater say ilm-
itstions oa further dissemination of the repost, othes than ti:o3e

-

INSTRUCTIONS

imposed by security classification, uaing standard stetements
auch ss:

(1) ‘’Qualified requesters may obtain coples of this

repost from DDC. ™'
“Forelgn snnouncement snd diasemination of thia
report hy DDC is not suthorized.’”

“U. 8. Government agencies may obtsin copisa of
this report directly from DDC. Other qualified DDC
usrers shall requeat through

(2
3

"
.

‘U, 8 military agencies may obtain coplea of this
report uirectly from DDC. Other qualified users
shall request through

ol

49

"
.

)

(5) ‘“Ali distribution of this report is controiled Quai-
ified DDC users zhall request through

144
»

If the repost hss been furnished to the Office of Technizal
Ssrvicea, Department of Commerce, for seie to the pubiic, indi-
cate thia fact and enter the price, if known.

1L SU‘RPLENB!"TARY NOTES: Uae for sdditional explane-
tory zctes. N

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmenta! project office or l1aborstory sponsoring (pey-
ing for) the resestch and development. iInciude sddreas.

i3. ABSTRACT: Enter sa sbstract giving a brief and factuai
summary of the document indicstive of the report, even though
it may also appesr sisewhere in the body of the technical re-

be attached.

It ie highly desirabie thst the shstract of classified reports
be unciaseified. Each paragraph of the abstract sheil end with
an indication of the military security classification of the in-
formation in the paragraph, represented es (TS$). (S5). (), or (U).

There i3 no limitation cn the length of the shsiract. How-
evar, the cuggeated length is from 150 to 225 worda.

1 14. KEY WORDNS: Key words sre technicaliy msaaingfui terms
or short phrases that characterize & report and may be used cs
index entries for catrioging the report. Xey wonds must be
selected ao that no security claasification is required. ldenti-
fiere, such as equipment modei designation, t-ade néme, military
project cods name, geographic lecstion, may be uved as kay
words but wili be followad by an indication of techaical con-
text. The assignment of links, rulea, and weights is optionsi.

port. If additional spece is required, a continuation sheet akeli’

®o 283-58¢

M it

il e it ST

UNCLASSIFIED

Security Clesasification

Db i



