UNCLASSIFIED

AD NUMBER
AD380135
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; MAR 1967. O her
requests shall be referred to Air Force Rocket
Propul si on Laboratory, Research and Techni cal
Division, Ar Force Systens Command, Edwards
AFB, CA 93523.

AUTHORITY

31 Mar 1979 per doc markings and DoD 5200. 10.
st-a per AFRPL Itr, 18 Jan 1978.

THISPAGE ISUNCLASSIFIED




IR ACCORDANCE WITH
DOD 5200.1-R & EXECUTIVE ORDER 11652

THIS MIUMEH 5.

0' ASSIFIED BY

‘—A-‘

Executive Order 1165z Automaucal!y Downgraded at
2 Years Intervals- DECLASSIFIED OM DECEMBER qll y:

2@2?
B Y .4.;:"}“;‘ E ’1
Defense Documentation Center .
Defense Supply Ageacy

Cameron Station
Alexandria, Virginia 22314




1S REPORT MAS BEEN DELIM!TED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIPECTiIVE £200,20 ANE
NO RESTRICTIONS ARE IMPUSED UPON
ITS USE AND DiSCLOSURE.

DISTRIBUTION STATEMERT A

APPROVED FGR PUBLIC RELEASE
DISTRIBUTION UNLIMITED,



SECURITY
MARKING

The classified or limited status of this repoit appiies
to each page, unless otherwise marked.
Separatg 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

{Xg CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data are 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.




AFRPL-TR-67-99

CONFIDENTIAL =

(UNCLASSIFIED)

BGMBUSIIBNMNEBHANISH

Contract FO4611-67-C-0034

QUARTERLY TECNNICAL REPORT AFRPL-TR-67-99
March 1967

DDC

@Emmnn N
David A. Flanigan "{_} APR7 196D ‘]

Huntsville Division K \'
Thiokol Chemical Corporation ! " !

L] ')

In addition to security requirements which must be met, this
document is subject to special export controls and each trans-
mittal to foreign governments or foreign nationals mey be made
only with psior approval of AFRPL (RPPR-STINFO), Edwards,
California 92523

DOWNGRADING INFORMATION

Downgraded at 3 year intervals. Declassified after 12 years.
DOD Dir 5200.10.

DEFENSE INFORMATION

This document contains information affecting the national
defense of the United States within the meaning of the
Espionage Laws, Title 13 U.S.C., Sections 793 and 794. The
transmission or the revelation of its contents in any manner
to an unauthorized person is prohibited by law.

Air Ferce Rocket Propuision Labaratory
Recearch and Technical Division
Air Force Systems Command
United States Air Foice
Edwards Air Force Base, Califernia 93523

CONFIDENTIAL




CONFIDENTIAL

(UNCLASSIFIED)

COMBUSTION MECHANISM
OF
HIGH BURNING RATE SOLID PROPELLANTS

Contract ¥04611-67-C-0034

QUARTERLY TECHNICAL REPORT AFRPL-TR-67-99

David A, Flanigan

DOWNGRADING INFORMATION

Downgraded at 3 year Intervala, Declasslfled after 12 years. DOD Dir $200.10.

DEFENSE INFORMATION

This document containa {nformation affecting the national defense of the United States within the meaning
of the Esplonage Laws, Title 18 U.S.C., sections 793 and 794, The tranamission or the revelation of {ts
contan*a In any manner to an unauthcrized person is prohibited by law.

In addition to security requirements which must be met, this
document is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with
prior approval of AFRPL (RPPR-STINFO), Edwards, California 93523.

CONFIDENTIAL




CONFIDENTIAL

FOREWORD

(U) This, the first Quarterly Technical Report under Contract No. F04611-67-
C-0034, covers the work perfcimed from 15 November 1966 through 28 Febru-
ary 1967. This contract with .he Huntsville Division of Thiokol Chemical
Corporation was initiated under Air Force Rocket Propulsion Laboratory,
Research and Technology Division Project Number 3148, It is being accom=-
plished under the technical direction of R, W, Bargmeyer, 1/Lt., USAF

of the Research and Technology Division, Air Force Systems Command,

United States Air Force, Edwards Air Force Base, California 93523,

(U) Dr. David A, Flanigan of Thiokol's Research and Development Department
is the Principal Investigator and Mr, Carl J. W .elchel of the Project Manage-
ment Directorate is Assistant Project Manager ifor this program, Full
authority for the management control of this program is the responsibility of
Mr, G. F, Mangum of the Project Management Directorate. Others who co-
operated in the work and in the preparation of this report are Messrs, B. A.
Allen, C. S. Combs, C. I. Ashmore and Mrs, E. J. Grice.

(U) This report has been assigned the Thiokol internal number 28-67 (Control
No. C-67-28A).

(U) This project is being accomplished as a part of the Air Force program,
the overall objective of which is to tailor the burning rate of a propellant
predictably and controllably to any desired level in the range from 1 to 10
inches per second, Experimernts will be performed to synthesize more ef-
ficient burn rate catalysts by maximizing guideline properties determined
under Contract AF04(611)-11212 toward development of an ideal catalyst,
Following catalyst synthesis, each compound showing potential will be sub-
jected to comprehensive decomposition studies and combustion mechanism
evaluation with propellant ingredients,

(U) This report contains no classified information extracted from other
classified documents,

STATEMENT OF APPROVAL

(U) Putblication of this report does not constitute Air Force approval of the

report's findings or conclusions, It is published only for the exchange and
stimulation of ideas.

W. H, EBELKE, Col., USAF

Chief, Propellants Division
Ai~ ‘orce Rocket Propulsion Laboratory
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CONFIDENTIAL ABSTRACT

Tkiokol's program to tailor the burning rate cof a propellant predictably
and controllably to any desired level in the range from 1 to 10 inches per
second is divided into three phases: Phase I - Synthesis of Burning Rate
Catalysts, Phase II - Decomposition Studies and lEvaluation of Catalysts and
Phase IIIl - Decomposition of Advanced Oxidizers, Fuels, and Binders.
Experiments will be performed to synthesize more efficient burn rate catalysts
by maximizing already determined guideline properties toward development
of an ideal catalyst under Phases I and II. Following catalyst synthesis, each
compound showing potential will be subjected to comprehensive decomposition
studies and combustion mechanism evaluation with propellant ingredients,
Effort ccnducted to date under Phases I and II indicate that esters of ferrocene
carboxylic acid may be readily prepared in high yield; a convenient route to
copper containing ferrocene derivatives has been discovered and utilized;
ferrocene ethers may be prepared easily and in high yield, and acylation of
ferrocene with methoxyacetyl chloride cannot be readily achieved, Of the
catalysts synthesized to date, the following statements can be made in regard
to compatibility with varied propellant ingredients: nc compatibility problems
are encountered with mixtures of the catalysts and HC polymer; the MAPO
polymerization noted is only slightly accelerated in the presence of the
catalysts, and no problems are expected in effecting good binder cures in
the presence of the catalysts,

iii
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SECTION I

INTRQDUCTION

(U) The objective of this program is to tailor the burning rate of a propellant
predictably and controllably, to any desired level in the range from 1 to 10
inches per second, Ballistic and mechanical properties of propeliants studied
will be maintained at the state-of-the-art standards of current Minuteman
propellant,

(C) Thiokol's approach to obtain the program objective will be through the
continued investigation of iron compound effects on the aluminum-ammonium
perchlorate-polybutadiene binder system, It is also designed to systematical-
ly evaluate new propellant ingredients as to their effect on burning rate and
the related effect on combustion mechanism. New materials which will be
evaluated are hydroxyl-ammonium perchlorate, hydrazine diperchloraie and
nitronium perchlorate oxidizers; a2luminum hydride, beryllium, beryllium
hydride fuels; P-BEP, NFPA polymers, and TVOPA plasticizer. The data
and conclusions reached under Contract AF04(611)-11212 will be used as a
hase line guide for the work to be accomplished under this program,

(U) The planned program consists of three major areas: synthesis, evaluation,
and advanced ingredient studies. It is designed to progress in a logical manner
so that the most promisiug materials receive the more extensive evaluation and
the less desirable materials are discarded at an early date. The three phases
of the program are:

(C) Phase I - Synthesis of Burning Rate Catalysts

(U) Burning rate catalysts will be synthesized for use in the AP/Al/PB pro-
pellant system. Prior knowledge as a propulsion contractor and the data ob-
tained from Contract AF04(611}-11212 will serve as base line guides, As a
new material is synthesized, it will be evaluated in Phase II.

(U) Phase II - Decomposition Studies and Evaluation of Catalysts

(U) Upon completion of synthesis, elemental characterization and physical
property determination of each candidate catalyst, an evaluation of the
compatibility of the candidate catalysts with other propellant ingredients will
be accomplished, Data obtained in this phase will allow recommendaticus to
be made relative to the developmeni of new burning rate catalysts and the de-
velopment of high burning rate propellants utilizing the improved catalyst.
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(U) Phase III - Decomposition of Advanced Oxidizers, Fuels, and Binders

(U) Phase 1II effort will be directed toward obtaining a basic fundamental
knowledge of the decomposition of advarnced fuels, oxidizers, and binders.
Labkoratory test data will he utilized to postulate a burning mechanism of
the advanred ingredient and a comparison made with that of conventional
propellant ingredients.

(U) This report covers work perfornied for the period 15 November 1966
through 28 February 1967 under Contract Fu461ll. 57-C-0034, Effort to date
has been concerned solely with Phases I and II, which are being conducted
concurrently, Phase III will be initiated after the completion of Phases I
and II,
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SECTION It

EXPERIMENTAL ACCOMPLISHMENTS

*

(U) Based on the results of effort expended under Contract AF04(611)-11212,
the experiments under this program will be directed toward the cynthesis and
characterization of more efficient burn rate catalysts,

(U) 1. Fhase I - Synthesis of Burning Rate Catalysts

(U) The guidelines for svnthesis of more efficient burn rate catalysts have
been derived from eifort conducted under the above contract and are listed
below:

High iron content

Wide liquid range

Readily oxidizable

Compatible with other propellant ingredients
Maximum fuel content (heat release on oxidation)

(U) The synthesis of newer burn rate catalyst will be directed toward maxi-
mizing the aforementioned properties into the ideal catalyst. Eifort performed
in this area of research during this reporting period is presented in subsequent
paragraphs, ’

(C) Dimethylaminomethyl ferrocene was prepared in good yield by the reaction
of bis (dimethylamino) methane with ferrocenel, The ferrocene amine is an ‘
orange mobile liquid of b, p. 78°C/0. 02 mm and f. p, -18°C. |

{C) Esterification of ferrocene carboxylic acid with isopropanol was attempted.
Thin layer chromatography indicated that a small amiount of L roduct was present
after 30 hours of reaction time. The reaction will be repeated using chloro-
carbonyl ferrocene.

(C) Attempts to isolate products from the reaction of ferrocene aldehyde and
acetone, by the method of Claisen and Schmidt, or the reaction of acetyl
ferrccene with l1-ethylethyleneimine were futile,

(C} Arn attempt was made to prepare ferrocenedimethylcarbinol by treatment
of acetyl ferrocene with methyl magnesium bromide in dry ether; 0.5 molar
cuantities were used, which gave a solid product. Thin layer chromatography
showed that approximately 50 percent was product and 50 percent was acetyl

1. Org. Syn., 40, p. 31,
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ferrocene. Distillation would not separate the products; however, the alcohol
was converted to methyl vinyl ferrocene with liberation of H,O.

(C) Esterfication of fierrocene carboxylic acid with propargyl alcohol
gave propargyl ferrocenoate [ m.p. 81 - 84° (dec. )] in kigh vyield.

Reaction: »

Fc COZH + CHs CCHZOH———> Fc COZCHZC:CH

(C) Esterification of ferrocene carboxylic acid with allyl alcohol
afforded allyl ferrocenoate (b p. 122°/0.15 mm).

Reaction:

FCCOZH i CHZZCHCH O —>FCCOZCH CH:CH2

2 2

The ester solidified on standing to form crystallin: needles which

melted just above room temperature.

(C) Esterification of ferrocene carboxylic acid with n-propyl alcohol
afforded n-propyl ferrocenoate [b.p. 96°/0.10 mm; f.p. -11°C (12°F){,
an orange mobile liquid.

Reaction:

Fc CO, T
FcCO,H + CH, CH,CH,OH »Fc CO, CH, CH, CH

3 3

(C) Acetyl ferrocene was reacted with ferrocene aldehyde by the
method of Claisen and Schmidt to produce 1,3-diferrocenyl-1-oxo-
2 - propenez(m.p. 198 - 199° ) in 84 percent yield.

Reaction:

> FcCH,CHCO Fc

FCCOCH3 + FcCHO

2. H. Egger and K. Schl&gl, J. Organometal Chem,, 2, 398 (1964).
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(C) The sodium salt of B-ferrocenyl - 8 - oxo-propionaldehyde
has been prepared for use as a reactive intermediate. The reaction
was effected between acetyl ferrocene and ethyl formate by means of

strong base.

Reaction:

— Nat(FccocH:CcHO)

FcCO CH3 + HuOZCHZCH3

(C) Acylation of acetyl ferrocene with ethyl ferrocenoate by means
of strong base afforded 1, 3 - diferrocenyl - 1, 3 - propanedione in
low yield.

Reaction:

FCCOCH3 + FCCOZCHZCHX—-—> FCCOCHZCOFC

The symmetrical 8- diketcne decomposes with evolution of gas at 215°,

(C) The copper complex of 1, 3 - diferrocenyl - 1, 3 - propanedione
has been prepared by reaction of the §- diketone with cupric acetate
in the usual manner3

Reaction:

FcCOCH,COFc + Cu++(CH3 co,” )~ cuf(Fccocu CO™Fe),

The complex decomposes with evolution of gas at 280°.
(C) Esterification of ferrocene carboxylic acid with 2-methoxyeth-
2-methoxyethyl ferrocenoate (m.p., 34 - 35°) in good yield.

Reaction:

FcCO,H + CH3OCH,CHp0H 3 Fc COp CHpCHR0 CHy

3. Org. Reac,, VIII, p. 122,
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(C) Reaction of the sodium salt of f-ferrocenyl- B-oxopropionaldehv
with Copper (I) chloride afforded the Copper (I) complex of B-ferroc
8 -oxopropionaldehyde [m. p., 224 - 225° (dec. )] in very high yiel.

Reaction: s

Na*(Fc COCH:CHO™) 4 CuCl—> Cu* (Fc COCH:CHO)

(C) The copper (II) complex [m. p., 200° (dec. )] has been p.repared in a
similar manner,

Reaction;
Na' (Fe COCH:CHO™) 4+ CuCl, —3 Cutt (Fc COCH:CH 07,

(C) Methoxymethyl ferrocene®(b. p., 66°/0.025mm: f. p., -22°) was prepared
by the reaction of hydroxymethyl ferrocene with methanol in the presence of an
acid catalyst,

Reaction:
Fc CH,0OH + CH30H —— Fc CI—IZOCH3

The crude product was shown by thin-layer chromatography (TLC) to contain
ca, 10% hydroxy methyl ferrocene. After distillation the pure ether oxidized
when left at room temperature for several days, but the crude product has
not shown signs of oxidation,

(C) In a like manner, 1, 1'-di(methoxy methyl) ferrocene [b. p., 310°(D. T. A, );
(Lit.s, b.p., 104°/0, 2mm); £, p, <—75°:| and 1-hydroxy methyl-1'-methoxy
methyl ferrocene [b.p. , 280° (D, T.A.); f.p. <-75°] were prepared in a ratio
of ca, 4:1 /isl2rmined by TLC),

4, Nesmeyanov, A. N,, E; G. Perevalova, and Yu, A, Ustynyuk, DAN SSR,
113, 1105 (1960). [E. G. Lomonosov, Yu. A. Ustynyuk, and A. N.
Nesmeyanov, Izv. Akad. Nauk SSSR, Ser. Khim., No. 11, 1972 (1963)
(Eng. Transl.)}

5, Pauson, P. L., M. A, Sandhu, and W, E, Watts, J. Chem, Soc., 251
(19656).
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Reaction:
CHZOH
Fc (CHZOH) + CH3OH NS o (CHZOCH3) + Fec
2 ' 2 \CH, O CHj

The mixture had f,p. <-75° ani the components were separated by means of
column chromatography.

(C) Trimethoxy iron® (m.p., > 300°) was prepared by the reaction of anhydrous
ferric chloride with methanol in the presence of ammonia.

Reaction:

FeCly + CH30H ——>Fe (OCH3),

(C) The attempted acylation of ferrocene with methoxyacetyl chioride
yielded black tars that were assumed to be decomposition products.
This reaction was attempted several times, using varying amounts of
materials and under varying conditions.

(C) The attempted esterification of ferrocene carboxylic acid with
hydroxymethyl ferrocene resulted in decomposition of the alcohol.
The reaction was attempted in chlorobenzene with sulfuric acid as
the catalyst.

(U) Attempts to prepare a number of ferrocene ethers have given pro-
ducts of an ambiguous nature. Preparation of the following ethers has
been attempted.

1. Fc CHp OCHp Fc
2. Fc CHp OCHp CH3
3, Fc CH (CH3) OCH (CHj3) Fc

Identification of the above compounds has been greatly hindered by the
impure nature of starting materials (ferrocene alcohols), This was
discovered after a number of reactions had been run and common
methods of purification had failed to give satisfactory results, Ferrocene
starting materials purchased from Research Organic Chemical Co.,
11686 Sheldon, Sun Valic;. California, have been found to contain sig-
nificant amounts of impurities (analysis by thin-layer chromatography).
Some materials are of better quality than others, but at the lower end

6. Bradley, D. C., R. K. Multani, and W, Wardlaw, J, Chem. Soc., 126
(1958).
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of the spectrum Fc CH (CH3) OH has been found to be only about 50
per cent pure,

(U} The phvsical constants cof the above catalysts are shown below:

CONFIDENTIAL
(a)
M. p., B.p., F.p. , Theo, Theo.
Compound °C g _ °C %HhFe % Cu
Dimethylaminomeihyl ferrocene --- 73/0,02mm -18 23 ---
Propargyl ferrocznoate 81-84 (dec.) --- -—- 21 -—--
Allyl ferrocenoate 36-36.5 122/0.15mm  --- 21 -
n-Propyl ferrocennate --- 96/0,10mm =11 21 e
1, 3-Diferrocenyl-1-oxo-
2-propene 198=1.29 -TT e 26 ===
Sodium salt of g -ferrocenyl-
240-242 (dec. --- - —
 -oxo propionaldehyde e} 20
1,3-D1ferr0f:eny1-l.3- 215 (dee. ) L . 25 .
propanedione
Copper complex of 1, 3-di-
ferrocenyl-1, 3- 280 (dec.) = 22 24 7
propanedione
2-methoxyethyl ferrocenoate 34-35 - --- 19 S

Copper (I} complex of

8 - ferrocenyl- §-oxopropion-

aldehyde 224-225 (dec,) - --- 18 20
Copper (II) complex of

8 -ferrocenyl- §-oxopropion-

aldehyde 200 (dec.) --- --- 20 11
Methoxy methyl ferrocene --- 66/0.025 -22 24 ---
1, 1'-Di/methoxy rnethyl)

ferrocene --- 310 <-75 20 ---
1-Hydroxy methyl-1'-methoxy

methyl ferrocene --- 280 <-75 22 ---
Trimethoxy iron > 300 --- --- 38 ---

a, The freezing points were determined by gradual cooling of
the compound in a dryice-acetone bath, As the material
crystallizes, the temperature of the solid rises slightly
{(heat of crystallization) and levels off. The maximum

temperature reached in the temperature rise is called the
freezing point,

CONFIDENTIAL
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{(U) The structural assignments of the compounds given above have been con-
firmed by infrared spectrometry, Elemental analyses are in progress,

(U) Continuing eifortf in this area will include a more comprehensive identi-
fication of the above mentioned compounds, the continued preparation of
ferrocene ethers, and the preparation of ferrocene derivatives belonging to
classes not yet investigated., Organometallic compounds other than ferrocene
derivatives may also be prepared,

(U) 2. Phase II - Decomposition Studies an. Catalyst Evaluation

(U} Upon completior of svmthesis, elemental characterization and physicel
property determination cf each candidate catalyst, an evaluation of the
compatibility of ihe can-iidate catalysts with other propellant ingredients will

be accomplished, Following this study, actual effectiveness of the candidate
catalysts will be measured by determining the propellant processing characteri-
stics as well as the burning rate,

(U) a. Differential Thermal Anaiysis

(C) A comparison of the cffect of each newly synthesized catalyst candidate
upon the decomposition temperature of ammonium perchlorate has been made
by differential thermal analysis (DTA). Figure 1 depicts a comparison of
the effect of a typical alkyl terrocene, n-butyl ferrocene , with that of a
series of ferrocene esters. The esters are more efficient plasticizers
than the alkyl ferrocenes and have a larger liquid range. However, the
iron content of the esters is slightly lower than that of the corresponding
alkyl derivaiives and this slight difference results in a similar percentage
loss in burn rate at a given weight percent loading. The significant
differences in the DTA's are the shift to higher oxidizer decomposition
temperatures with decreasing iron content and very slight differences

in pre-endot herm oxidation reacticn intensity.

(C) Figure 2 depicts a series of three solid ferrocene derivatives, one
of which contains both irun and copper. No significant differences are
noted between the cifect of these derivatives on the decomposition of
ammonium perchlorate and that of pure ferrocene. The interesting
liquid compound, dimethylaminomethyl ferrocene, exhibits, in the
presence of ammonium perchlorate, a preliminary exotherm at 180°C.
Such an exotherm is felt to be strong enough to gene:ate enough heat for
ignition in a burning process. This exotherm can be attributed to the
reaction of the amine with ammonium perchlorate at that temperature.

7. Thiokol Trademark, Reg. U. S, Patent Office.
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(C) The differential thermal analyses of anothe: series of ferrocene esters
and ethers and copper containing ferrocene derivatives are shown in
tigures 3 and 4, No significant lowering of the decomposition tempera-
ture of ammonium perchlorate is exhibited over that obtained with n-butyl
ferrocene, Methoxy methyl ferrocene (Figure 3) evidences a considerable
exotherm prior to the endotherm, which is considered to be oxidation of
the catalyst, The pure material has been observed to oxidize slightly at
roorn temperature in air,

(U) b. Compatibility Studies

(C) Fifveen of the more promising catalysts were subjected to compatibility
testing in air at room temperature and at 160°F, Those samples evaluated
at room temperature (75°F) exhibited no marked change, with the exception
of dimethylamino methyl ferrocene |FcCHy N, JH3) , which oxidized
slightly, The methoxy methyl ferrocene used in this&&st was the crude
material which shows no tendency to oxidize at room temperature, This
study is continuing and changes will be reported as they occur.

(C) Results of testing at higher temperature (160°F) are summarized in
Table I, Thin layer chromatography supports visual observationse that the di-
methylamino methyl ferrocene oxidized. Also, allyl ferrocenoate either
oxidized or polymerized as is indicated by the disappearance of the traceat
0.4 Ry and change in ratio. 1, 1'-di(methoxymethyl) ferrocene and 1 hydroxy
methyl-1'-methoxy methyl ferrocene evidenced considerable oxidation and
the mixture of these compounds showed only slight oxidation,

(C) 1t should be pointed out that the high weight loss levels observed with the
candidate liquid catalysts can be attributed to a high exposed surface area to
weight ratio used for this testing.

(C) Catalyst compatibility with propeliant materials are partially summar-
ized in Table II. In these experiments, polymerization of MAPO is simply
horaopolymerization and not due to the influence of the catalyst. Results
of compatibility studies at ambient temperature show that there is no
significant change in either HC polymer, aluminum powder or MAPO

after testing for 144 hours. After 64 hours at 160°F, the catalyst/alumi-
num powder mixture evidenced no change, except in the case of liquid
catalysts which volatilized. No evidence of gassing of mixtures of
catalyst and propellant materials was encountered during this evaluation.
Compatibility of catalyst and ammonium perchlorate is still in progress,
Data will be reported as they become available, Each newly synthesized
catalyst will continue to be evaluated in the same manner,

10
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(U) Results of thermal gravimetric analysis (TGA) for methoxymethyl
ferrocene and trimethoxy iron are shown on Figures 5 and 6, respectively,
The results for n-butyl {errocene, 'shown on Figure 7, are given for _
comparison, These weight loss studies are continuing,
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Figure 5. Percent Weight LLoss versus Temperature by TGA Method
Methoxymethyl Ferrocene (Fc CHp O CH3).
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Figure 7. Percent Weight Loss versus Temperature by TGA Method -
Butyl Ferrocene (P-IV; Thiokol Trademark, Reg. U. S.

Patent Office)
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SECTION III

CONCLUSIONS

(U) 1. Phase 1l - Synthesis of Burning Rate Catalysts

(U) The following conclusions may be drawn from the data obtained:

(C) l. Esters of ferrocene carboxylic acid may be readily
prepared in high yield.

(C) 2, A convenient route to copper containing ferrocene
derivatives has been discovered and utilized.

(C) 3. Ferrocene ethers may be prepared easily and in high yield.

(C) 4. Acylation of ferrocene with methoxyacetyl chloride cannot
be readily achieved,

(U) 2. Phase Il - Decomposition Studies and Catalyst Evaluation

(U) Of the catalysts synthesized to date, the following statements can be
made in regard to compatibility with varied propellant ingredients:

(C) 1. No compatibility problems are encountered with mixtures
of the catalysts and HC polymer.

(C) 2. The MAPO polymerization noted is only slightly accelerated
in the presence of the catalysts,

(C) 3. No problems are expected in effecting good binder cures
in the presence of the catalysts,

23
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