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50/50 mol % BAMO/THF copolymer. Emphasis on the program was therefore concen-
trated on optimizing the preparation of this copolymer so that it would be suit-

‘ able for scaleup.
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A safe and reproducible process was demonstrated for the production of high- ]
purity BAMO (99+X), at the 8- to 12-pound level in a 5-gallon Pfaudler reactor, i
with average yields of 80%. Five runs were conducted which yielded a total of )

48.77 pounds of BAMO. .
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A safe and reproducible process was also developed for the production of the
BAMO/THF copolymer at the 15- to 26-pound level in a S5-gallon Pfaudler reactor,
and yields of 84 to 887 were obtained. Three runs were carried out which gave
a total production amount of 59.9 pounds of the copolymer. The properties of
the copolymers were quite comparable in terms of M,(3833-4022), M,(2541-2578),
£(2.07-2.13), and Eq. Wt.(1210-1323). The production procedures used for BAMO
S and the BAMO/THF copolymer are described in the appendices.

i

. Explosive classification tests were conducted on the BAMO/THF copolymer and a
30% solution of BAMO/THF in methylene chloride. A shipping classification of
"Flammable Liquid, N.0.S." was assigned to the BAMO/THF copolymer in a 30%

methylene chloride soclution.
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Shipment of the 59.9 pounds of the BAMO/THF copolymer was made to 17 laboratories
designated by the scilentific officer.
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FOREWORD

The research reported herein was supported by the Office of Naval
Research, Power Programs, Code 473, with Dr. R. S. Miller as the
scientific officer. This report covers the period 1 May 1980 through
30 Movember 1981. The program was directed by Dr. M. B. Frankel. The
scientific work was carried out by Dr. M. B. Frankel, E. R. Wilson,

R. L. Kistner, and D. 0. Wecolery of Rocketdyne, and Dr. C. Hamermesh
and C. McArthur of the Science Center (all of Rockwell International).

Dr. L. R. Grant of Rocketdyne served as the program manager.
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BAMC

BCMO
BDC
DMF

Eq. Wt.

GC

GPC

GLOSSARY

3,3-bis(azidomethyl) oxetane
3,3-bis(chloromethyl) oxetane
1,4-butanediol
Dimethylformamide

Equivalent weight

Functionality

Gas chromatography

Gel permeation chromatography
Number average molecular weight
Weight average molecular weight
Glass transition temperature
Tetrahydrofuran

Trimechyolpropane
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S INTRODUCTION
x
b The objective of this program was to synthesize and evaluate energetic azide
¢ prepolymers for potential use in advanced solid and gun propellants, and explo-
g; sives. The energetic azide compound used for these studies was 3,3-bis(azido-
f% methyl) oxetane (BAMO). The prepolymer's property goals included, but were not
%; . limited to, the following:

i . 1. A molecular weight range of 2000 to 4000

; 2. A narrow molecular weight range

;j 3. A hydroxyl functionality of two or greater

§" 4., A liquid or low-melting polymer that was soluble in plasticizers.

AW

Tne program consisted of three phases: (1) laboratory synthesis and characteri-

zation of BAMO and its homopolymer, (2) scaleup studies on BAMO and its conver-

;‘ﬂ; el oo

»

Ty

Gk

sion to a copolymer with tetrahydrofuran (THF), and (3) shipment of samples of

% the copolymer to various laboratories for evaluation. The results of the copoly-
2 merization efforts are first discussed, after which the homopolymerization

I

by studies are described.
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TECHNICAL DISCUSSION

SYNTHESIS OF BAMC

During the first year of the program, a facile synthesis of 3,3-bis(azidomethyl)
oxetane (BAMO) was developed (Ref. 1). This consisted of treating 3,3-bis

(chloromethyl) oxetane (BCMO) with sodium azide in dimethylformamide (DMF)
medium at 85 C for 2 hours:

CH,~C(CH,C1),, U
NGN3
= =
DMF
0———CH2 ()———-CH2
BCMO - BAMO

The BCMO was purified by distillation prior to its use, and the material was
recovered in 99+ % purity based on gas chromatography (GC) analyses. The
BAMO was also purified by distillation in the earlier work to glve material
‘n a purity of 99+ %. Because of the potential hazard involved in the
distillacion of such an energetic compound (estimated AHf-+102 kcal/mole),

a much safer and simpler purification procedure was developed.  This simply
consisted of passing a methylene chloride solution of the BAMO through a
basic alumina column. High purity (99+ %) BAMO was obtained from this simple
operation and in overall yields exceeding 90%. Several pounds of high-purity
BAMO were prepared by this process for the laboratory polymerization studies.

An alternéte process for converting BCMO to BAMO in aqueous medium was also
d2veloped using a phase transfer catalyst (methyl tricaprylammonium chloride).
This procedure has the potential advantage of being more economical since it
eliminates the use of the organic solvent. In a single run, BAMO of 98%
purity was prepared in a yield of 75%. '

RI/RD82-119
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BAMO Scaleup

For the productior of the BAMO/THF copolymer, large quantities of BAMO were
needed. The requisite amounts of BAMO wese successfully prepared as described

below.

R R P PP VL RE - T RIS

The BCMO, which was purchased from Hercules, Inc., had a purity of about 75+ %.

v albe XA

Consequently, a rigorous purification of this material was required before it

T,

could be converted to BAMO., For this purpose, a 40-plate Oldershaw fraction- !

ating column was purchased and installed. Operating at a 15/1 reflux ratio
and at 140 ~/1i0 mm, BCMO was routinely produced with a purity of 99+ Z%.
Approximately 60 pounds of high-purity BCMO were prepared in this manner.

A S5-gallon, glass-lined Pfaudler reactor war m.dified for scaling up the

BAMO preparation to the 8- to 12-poind level. Based on the laboratory pre-
parative studies, detailed certifica'‘’on proceisures were written and approved
by the Rocketdyne Safety Committee. iv.. scaled-up runs were carried out to
give a total of 48.77 pounds of BAMO with a purity of 99+ %, and in an average

yield of 807%. The results ure summariced below.

PRPPRULYY. 228 DIVENNPAY) VT VISR (PIRETS PN LT SR & IRTN o T P LT S P S U

Yield Purity,*

Run No. Pounds 4 Z
5-1 8.41 77.9 99+ J
5-2 8.86 80.7 99+ :
5-3 8.80 86. 4 99+ i
5-4 11.79 82.3 99+ o
5-5 10.91 76.2 99+

683 U Neh P

*Analyses were performed by GC analysis. The procedure that was utilized for
the BAMO production is delineated in detail in Appendix A.
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SYNTHESIS AND CHARACTERIZATION OF THE COPOLYMER OF 3,3-bis(AZIDOMETHYL)
OXETANE AND TETRAHYDROFURAN

Previous homopolymerization studies conducted on 3,3-bis(azidomethyl) oxetane
(BAMO) under varying experimental conditions invariably yielded a solid polymer
which melted at temperatures >70 C (Ref. 1). Additional studies conducted
during this report period gave similar results which are described in a sub-

sequent section of this report.

The melting points of polyols, for example, are dependent on the crystallinity
of the molecule (excluding molecular weight effects) which, in turn is a
function of the symmetry of the macromolecule or repeating unit (monomer).
Thereiore, a homopolymer of BAMO, because of its symmetry, would tend to be
more crystalline than a copolymer containing dissimilar monomers. By following
this approach, copolymers of BAMO might therefore be obtained which possess
lower melting points and glass transition temperatures (Tg) than exhibited

by the homopolymer.

Research studies conducted at the Stanford Research institute (SRI) demon-
strated that the melting points of the BAMO polyols could be lowered by the
copolymerization of BAMO with THF. They found that a melting point as low as
-5 C could be obtained for a 50/50 mol % BAMO/THF copolymer (Ref. 2).

The SRI studies also showed that by use of a 2/l molar ratio of boron tri-

fluoride diethyletherate (BF -OEtz) and an alkanedioil, it was possible to

control the initiator/monomei ratio to obtain a polyol of predetermined mole-
cular weight and narrow polydispersity. The resulting polymer unit molecular
weight was equal to the stoichiometric addition of the molecular weights of
the diol and monomer. The functionality of the polymer was that theoretically
predicted (2) with minimal cyclic oligomer contamination. While several
copolymers of BAMO and THF were investigated by SRI, the material chosen for
study at Rocketdyne for eventual scaleup was the one containing equal molar

amounts of BAMO and THF. For the preparation of this copelymer, SRI utilized

RI/RD82-119
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a recipe consisting of BAMO:THF:l,4-butanediol (BDO): BF3-0Et::2 in the molar

amounts of 10:10:1:2, respectivaly. These relative molar amounts served as

the basis for the laboratory and scaleup copolymer studies next described.

5 Laboratory Studies

Small-gcale laboratory siudies were first carried out on the preparation of
the 50/50 mol % BAMO/THF copolymer using the SRI process. The objectives of
this work were to verify the process and to determine the optimum reaction
. conditions for scaleup. The polymerization studies were performed in a

%’- jacketed round-bottom flask, equipped with a mechanical stirrer, which was
thermostatted to the desired temperature by circulation of externally cooled

isopropanol.

The SRI bulk copolymerization procedure consisted of first preparing the
i initiator by addition of BF3-0Et? to a solution of BDO in THF, followed by
addition of the BAMO. In the first three small-scale runs (Table 1), the

effect of temperature on the polymerization rate was evaluated. The polym-

erizations were run at -20 (Run 1), -5 (Run 2), and 20 C (Run 3), and the
disappearance of monomer, both BAMO and THF, was followed by GC analyses.

For a quantitative conversion of both monomers, 48 hours were required at

O L T
4 A

B ; -20 C and 24 hours at -5 and 20 C. The equivalent weights of the polymers

;i were 1940, 1510, and 1370 at -20, -5, and 20 C, respectively, which indicated
%‘ '; that the lower temperatures favored higher molecular weight. Low glass

%3. transition temperatures were obtained for thesz copolymers (-35 to -49 C).

The principal experimental problem encountered in these runs was that asso-
ciated with mechanically stirring the reaction mixture which became extrem2ly
viscous after several hours of reaction time. This was a particularly trouble-
some feature at the reaction temperature of -20 C. Consequently, no addi-

tional polymerization studies were conducted at this temperature.

K1/RD82-119
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The run size was scaled up from 0.12 mole to 2.38 moles for runs 4 through 7,

and the experiments were conducted at temperatures of ~5 and 20 C. During these

runs, the effect of initially stirring the veaction mixture for 8 hours was

investigated followed by allowing the polymerization to proceed to crmpletion

under static conditions. Based on periodic sampling and GC analyses of the reac-

tion mixture, the react.un was completed after a longer reaction time, as is
shown in Table 1.

One additional procedural modification was made for run 7. For this experiment,

only one quarter of the THF normally used was added to the BDO/BF3°OEt2 solu~
tion.

R

—arn b

The remaining THF was mixed with the BAMO before its addition. This
procedural change was considered to be important for scaleup operations because

it would minimize the handling of large quantities of neat BAMO. Except for

the time vequired for completion of the reaction, no adverse effects were noted
as a result of this modification.

1 et drn PEF RNt S et Bt s Ve

IFTTY S

At the time these studies were being conducted, spurious molecular weight
results for the copolymer were being obtained by the gel permeation chromato-

graphic {GPC) technique. Since SRI had previously shown the materials to be

difunctional, the hydroxyl equivalent weights were used to establish the
molecular weight vs temperature of polymerization relationship. Also, since
SRI had reported that better gumstock properties were obtained from the -5

vs 20 C prepared material, a reaction temperature of -5 C was chosen for the
sr:leup studies.

ALCADE A, 74 - EF5 A Mk b0 8 20k 1t e TEh ot Tl o2 can® AL

Scaleup Studies

(03

A 5-gallon, jacketed, glass-lined Pfaulder reactor was utilized for the

BAMO/THF copolymer production runs. Based on the laboratory-size experiments, !

detailed operational procedures were written and approved by the Rocketdyne

Safety Committee. Three production-size runs were then carried out which gave a

total amount of 59.9 pounds of the copolymer.

1805, T om AR B L O I NN LN

The yields of the copolymer

N
Py
2
&
3
ol
i

, after purification ranged from 84 to 88%.
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The reaction conditions employed for the three RAMO/THF copolymer production
runs and the analyses for the purified products are summarized in Table 2. A

detailed description of the rzaction and copolymer workup procedure is given

in Appendix B.

The larger-scale polymerizations were carried out nominally at -5 C and for
reaction times of 64 to 85 hours. The reaction mixture was stirred for an
additional hour after the monomer had been added, and the reaction was then

allowed to proceed statically for the remainder of the reaction time.

Runs 5-1 and 5-3 (Table 2) were conducted in an identical manner, i.e., one
quarter of the THF was used in the initiator solution and the remainder was
added as a solution with BAMO. All of the THF was combined with the BDO and
BF_-OEt., in the reactor for run 5-2. During run 5-1, exotherms were recorded

3 2
on addition of the BAMO/THF soiution. This observation was believed due to

¢
]
;
3
i
3
Fl
4
?
¥
i
H
§
5}'
i
g
i
]
£
*
3
£
Z
i
X
%
i
g
1!

the volume of THF, BDO and BF3°OEt2 initially ir the reactor, which was
insufficient to obtain optimum stirring and thus good heat exchange between
the reaction mixture and the cooled reactor walls. iIn an attempt to correct

this matter, the addition scheme given above for run 5-2 was employed.

There was a definite difference in the viscosities of the products obtained
from runs 5-1 and 5-3 vs run 5-2. Copolymers 5~1 and 5-3 were flowable, vis-—
cous liquids at ambient temperature, whereas, copolymer 5-2 was much more
viscous and would not flow at ambient temperature. These results indicated
that the adcdition of the mixed monomers to the initiator solutiom is the
preferred technigue because it appears to give a more random distribution of

) the monomers in the polymer chain, which results in a less crystalline copolymer.

® Characterization Studies

The properties measured on the copolymer products, summarized in Table 2, were

quite comparable in terms of Mw’ Hn’ f, and Eq. Wt. (equivalent weight). The

molecular weight determinations were made by SRI using a Waters gel permeation

RI/RD82-119
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chromatograph equipped with a differential refractive index detector and a
Data Module 730. The column set censisted of seven microstyragel columns

o] o} 0o 4 O
(two 100A, two 500A, two 103 A and one 10 A) ronnected in series; the eluting

solvent was tetrahydrofuran. The system was calibrated with polypropylene

glycol standards of molecular weight 830. 1200, 2000, and 4000. The GPC curves

for BAMO/THF 5-1, 5-2, and 5-3 are shown in Fig. 1 through 3.

The functionalities were determimed by SRI using an NMR technique developed
at Fluorochem (Ref. 3). The hydroxyl equivalent weights were measured at
Rocketdyne using a method recently developed by the Chemical Branch of the
Air Ferce Recket Propulsion Laboratory (Ref. 4). The elemental analyses were

performed by Elek Microanalyticai Laboratory and Galbraith Laboratory.
CLASSIFICATION TESTS ON BAMO/THF COPOLYMER

The program required that quantities of the BAMO/THF ccpolymer be shipped to
various laboratories for evaluation. To do so, a shipping classification was
required. Explosive classification tests were conducted on the BAMO /THF
copolymer and a 30% solution of the copclymer in methylere cﬁloride. The
standard tests were carried out as described in Technical Bulletin TB700-2.
Based on the tes: results, a shipping clissification of "Flammable Liquid,
N.0.S." was assigned to the BAMO/THF copolymer in a 30% methylene chloride
solution. The details of the testing and the Navy correspondence are given

in Appendix C.
SHIPMENT OF BAMO/THF COPOLYMERS

A summary of the BAMO/THF copolymer shipments made under this contract is

given in Appendix D.
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GPC of BAMO/THF 5-1

Figure 1.
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HOMOPOLYMERIZATION OF BAMO

Since BAMO could be prepared readily in a simple one-step reaction from a
commercially available starting materizl, the polymerization studies in the
current program were limited to this one energetic monomer. It was quickly

established that BAMO monomer was readily polymerized using a BF 'OEt:2 catalyst

3
via a standard cationic polymerization technique for cyclic ethers. The

problem was to control the molecular weight of the polymer produced, maintain
a narrow molecular .weight distribution, and obtain a polymer functionality of

two or greater,

The polymerization of BAMO is illustrated below:

CH, = C(CHN,), .
[z
BF; * E*.0 o _locH.cod
—_— 2, 22
O——-=H, CH N, A
BAMO BAMO Polymer

The polymerization parameters examined in this study were:

1. Solvent system

2. Reaction stoichiometry, i.e., the relative concentration ¢f monomer,

catalyst, and chain initiator
3. Type of chain initiator
4. Reaction time

5. Reaction temperature

For the purposes of analysis and discussion, the experiments are grouped

according to the chain initiator employed.

RI/RD82-119
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Water as the Initiating Species

The initial polymerization experiments used water as the chain initiator.
Selection of a suitable solvent medium for polymerization was the first
priority. Halogenated solvents (carbon tetrachloride, chloroform, and
methylene chloride) as well as nitromethane were examined. Polymerization
occurred in all these media. In boch carbon tatrachloride and nitromethane,
the polymer precipitated during the reaction. Because of the broad molecular
weight distribution of the polymer obtained, e=vbor tetrachloride and
nitromethane were rejected for further study. In both methylene chloride

and chloroform, polymers were obtained which did not precipitate from the
reaction medium. These polymers were in the desired 2000 to 3000 molecular
weight range, but had low functionality (1.7) and melting points of 75 C.
This poiats up a fundamental difficulty in the system using water as a chain
initiator. For this reason, replacement of water by polyhydric alcohols, such

as glycerol, trimethyolpropane, and ethylene glycol was investigated.

Glycerol as the Initiating Species

Influence of Solvent and Glycerol Concentration. The influence of solvent in

the glycerol system was examined in runs 101A and 102 (Table 3). A narrower
polymer distribution was obtained in methylene chloride (run 101A) than in
chloroform (run 102). Runs 1014, 105, and 106 in methylene chloride deter-
mined the influence of changes in glycerol concentration on tne molecuiar
weight of the BAMO polymer obtained. Regardless of the amount of added
glycerol, the polymer obtained had essentially the same molecular weight, and
were solids with melting points of 7! to 78 C. A possible explanation of
this result lies in the observation that in all the glycerol-containing reac-
tions, the bulk of the glycerol was insoluble in the methylene chloride.
Thus, the actual concentration of glycerol available in the solvent medium
was far lower than that added, and was essentially at the saturation concen-
tration. A more efficient means for molecular weight control in this system

is via the BFB-EtZO catalyst concentration. Ia run 107, where the catalyst

RI/RD82-119
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amount is twice that of run 10lA, the molecular weight was substantially recuced.

A

s

Shaed o YAy e tesyn A2eed e Yy an 2

7 A IR e NN Tt e LN wd

PR TR TR AL




T R

*SNOILIGNOD NCILIVIHY

SA SON3¥L LHOI3M WYINDII0W ILYDIONT OL G3Sn SYM SIAYND FHL 4G NOILIIASNI TVASIA
3ISIHL ¥O4 ILYINDYD LON IYIM SLHOIIM ¥vINJ3ITOW ONY “av0¥s 3¥IM SLING0Yd 3IHL ¥04 SIAYND IdI IHlxx

“H1Y9 ONITT00D HLIM G3INIVINIVW 3dNLVYIdWIL-»

*S3TdWYS

9-2 | covT | 0641 £ oY (SL1) 2192H)D £1°0 01°0 02°0 6€1
0°2 | 0591 | 0912 £ ot (s2) ¢132H) 20°0 S10°0 £0°0 2€1
1£21 | 8191 £ oy (52) ¢12%HD 20°0 €0°0 €0°0 €21
OIE€T | €641 1 1Y (01) 2192H) 20°0 £0°N £0°0 12l
$921 | 6891 1 oy (52) 219%HD 20°0 £0°0 £0°0 021
ageT | 6602 1 14 (62) CLICH2 20°0 £0°0 £0°0 611
x| ¥x 1 e () Nﬁquwu Sv00°0 900°0 900°0 811
x¥ *¥ 1 29 (5) &12HD S%00°0 900°0 900°0 L1
$e61 | 112 £ ov (§) 212CHI G%00°0 900°0 9n0°0 911
x| xx £ 1 (5) ¢19¢HI | sb00°0 900°0 900°0 GT1
xx ¥ 2 1Y (§) ¢1a2H) S%00°0 900°0 $00°0 €11
£621 | 802 1 13 (S) 219¢HD Sv00°0 900°0 900°0 211
LYST | 8912 £ oY (5) ¢L2%HI G%00°0 900°0 900°0 ol1
3 9y91 | 9/£2 € xb2 (G) 2192HD 5000 900°0 900°0 601
i e xx £ xb2 () ¢12¢HD | S¥00°0 9000 300°0 801
A §°2 1 1691 | L£02 € 14 (0S) 2192HD 5¥0°0 90°0 90°0 | X01-£01
. 722 1 1£22 | 0262 £ 1Y (08) 219¢H) 5v0°0 £0°0 90°0 |X0i-¥101
2082 | €142 £ 1Y (5) 219¢H) S%00°0 900°0 900°0 L01
] 0,92 | 00Z€ £ 1Y (5) 2122HD S¥00°0 £00°0 900°0 Y101
; xx | wx £ 1y () ¢192HD 900°0 £00°0 900°0 901
x| e £ 19 (S) mmuw:u §200°9 £00°0 900°0 501
% % £ 1Y (G) &y 3900°0 £00°0 900°0 297
% ¢ £ 1Y (s} 213%3 | sp00°0 £00°0 900°0 101
] n Uy Mg SUNOH NI L 2 { LW 3WNT0A) 704 300 370 “ON
NOILOVIY | “3unLvy3Idw3l INIAT0S “70439AT9 | < 3Lvy3HLI-E49 | C INVLIXO NNY
10¥FADATH JO FINASTYd AHL NI INVIIXO (TAHIIWOAIZY) STIQ-€€ 40 NOIlVZIYIWA10d °¢ 319VL

RI/RDB2-119

17

e

N T PR AR A R .o A £ S grvene i » T o




. ——— T T T T T

S e i’ ~a T— T

Baving established that a polymer in the desired molecular weight range with
a narrow molecular weight distribution could be obtained in this system, the
typical l-gram reaction was scaled up to the 10-gram level to provide suffi-
cient polymer to determine functionality and curing behavior (runs 1C1A-10¥%
and 107-10X). During this reaction, a significant polymerization exotherm
vas observed for the first time (the temperature rose approximately 15 C).

This resuit::a in a change in the molecular weight distribution, a slight

reduction in molecular weight, and GPC analyses indicated the presence cf a

fraction with an approxzimate degree of polymerization of 4. This product may

]
‘
4 4 b
BRI, MU e Ik e &8 SRR @sﬁym‘:wmw;ﬁam#wmmmgawwzﬁwm(.»JS@-

gé have resulted either from the influence of the exotherm or msy be evidence
?§. for the presence of a tetramer, which has been reported for other oxetane

%: X polymers.

-

?; ' Peaction Temperature. The initial experiments were run at room temperature
? without heating or cooling. Whken the polymerization exotherm was controlled f
g: ‘ by external :ooling (run 108), high molecular weight species (>7000 M) were
g- ' obtained which were absent in the uncontrolled experiments (e.g., run 107).
g. These high molecular weight species have a deleterious effect on the poly-

%1 mer's dispersity. Runs 110 and 116 investigated the polymerization at the

;’ reflux temperature (40 C) of methylene chloride. With all other polymerlza-
?l . tion conditions constant, polymerization at the higher temperature produced
;( ; a polymer of siightly lower average molecular weight and narrower dispersity.
;; i The dispersity was narrowest when all reactants were at the reflux tempera-
?? _1 ture of CH2012 before addition of the monomwer was initiated (run 116).

g |

gﬁ ' Polymer Conversion vs Reaction Temperature. A set of three experiments at

room temperature (runs 112, 113, and 115) showed that conversion of monomer- ) E
to-polymer was essentially complete at the end of 1 hour, and that longer ;
.} reacticn times may introduce undesirable high molecular weignt species. The t A

. conversion of monomer-to-polymer at the reflux temperature of methylene

chloride was not complete in I hour (run 120), but was complete in 3 hours
. (run 123).

RI/RD82~119
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Polymerization in Higher Boiling Solvents. Because the¢ reaction at the reflux

temperature of methylene chloride yielded a BAMO polvmer with a narrower

molecular weight distribution than that obtained at room temperature, two

solvents with higher boiling poiuts were examined: chloroform (boiling point

61 to 62 C) and 1,2-dichloroeth.ne (boiling point 83 to 84 C). GPC analyses

of the polymer cbtained in chloroform (run 117) showed a very broad dispersity
. and several low molecular weight peaks. Refluxing chloroform was therefore

judged to be an undesirable polymerization medium. The molecular weight dis-

- tribution of the polymer obtained in 1,2-dichloroethane (run 118) was very

narrow, but the molecular weight was low.

Effect of Scaleup on Polymer Melecular Weight. The BAMO polymerizations were

run at three different monomer levels: 1-gram {0.0606 mole), S-gram (0.03 mole),
33-gram (0.2 mole). The trend observed was pronourced; with all other condi-~
ticns held constant, a 30+ f-1d scaleup produced a polvmer of lower average
molecular weight. Thus it would appear that scaleup requires less catalyst

to produce a polymer in the desired molecular weight range.

Optimization of the Glycerol System

Run 132 was made to investigate the use of a2 reduced amount of BF3~Et20 at

the reflur temperature of methylene chloride, in order tc increase the molec-
ular weight (compared to polymer obtained from run 123) while maintaining

good molecular weight distribution. The experiment was successful in this
respect. However, when 33 grams of BAMO were polymerized using the conditions
of run 132, the reaction yielded a BAMO/glycerol polymer with a weight-average
molecular weight of 1790, a dispersity, Q, of 1.3, a calculated functionality

of 2.6 {run 139), and a melting point of 75 to 78 C.

Trimethyolpropane (TMP) as the Initiating Species

Room-Temperature Polymerization. The early polymerization experiments with

TMP as the chain initiator were not successful. The conversion of monomer-

to-polymer was poor, and the average molecular weight of the polymer obtained

RI/RD82-119
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%3‘ (runs 111 and 114, Table 3) was very low (<1000 Mw)' TMP is a solid, unlike
}ﬁ' glycerol which is a liquid and normally contains a small amc'mt of water.

s Water was therefore added to the polymerization medium in run 124, but no
polymer was obtained. The high monomer-to-catalyst ratio (20:1) used was

probably the reason for these results.

Aquecus fluoboric acid (48%) was next investigated as a catalyst. No polymer
could be isolated by use of this material (runs 125 through 127). A catalyst
combination (fiuobocic acid plus BF3'Et20) gave a high vield of polymer

fé (run 128). The nex: run (130) used one-half the quantity of TMP. The polymer
yield and the nature € the polymer (molecular weight, molecular weight
distribution) were virtually identical in these two runs, indicating that the
; water in the aqueous fluoboric acid is more important than TMP fcor polymer

B molecular weight control.

To determine if fluoboric acid was a necessary co-catalyst with BF3-Et20, a

TR e 1Y
SR A AN

polymerization (run 129) was attempted without fluoboric acid but with an

amount of water equivalent to that present in the fluoboric acid used in

LA

Rt

run 128. This experiment (run 129) demonstrated that, indeed, fiuoboric acid

T

was not required to obtain complete conversion of monomer to polymer. In

run 131, only one-tenth the amount cf water was added (10:1 mole ratio of

7] iyivig b
e TN P

BF3-Et20 to H20 vs. 1:1 mole ratio in run 129). The amount of water was

E
¥

decreased further in run 136. Polymer yield was high in all these experiments.

X
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The functionali.y of the polymer from run 129 was very good (2.9), while

Rt

those for the polymers obtained from runs 131 and 136 were low {(<.). There~
fore, a rather large quantity of water is needed in the BAMO/TMP system to

. allow the TMy to functicn as a chain initiator and obtain a functionality
7 above 2.0.
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Higher-Temperature Polymerization Studies.

Two experiments with the BAMO/TMP

system were carried out at the reflux temperature of the solvent methylene

chloride. The polymer isclated from run 138 had a large amount of low

molecular weight material (V1400 Mw). The reaction conditions for run 140
were the same as those employed in run 129 except for the reaction tempera-

ture. The polymer molecular weight was somewhat lower (V1700 Mw).

Ethylene Glycol as the Initiating Species

With ethylene glycol dried over molecular sieves prior to use, no polymeriz-

ation occurred (run 133, Table 5). When a small amount of water was added to

the reaction mixture (run 135), the BAMO polymer was obtained in good yield

(“90%). Reagent grade ethylene glycol, as received, also produced a polymer

of the desired molecular weight and dispersity (run 137. Therefore, it is

not necessary to dry the ethylene glyccl before use. (Because ethylene é
glycol is very hygroscopic compared with glycerol and water, a factor in

molecular weight control, it was necessary to determine this experimentally).
The functionality of the polymer from run 137 was 2.0, which is equal to the

theoretical value for an ethylene-glycol-initiated BAMO polymer.

A substantial exotherm was observed in the ethylene glycol experiments.
When the polymerization was initiated at the reflux temperature of methylene
chloride (run 141), essentially the same product was obtained. The polymer
obtained from run 141 was the best produced by use of ethylene glycol.

T 2 O T

TABLE 5. POLYMERIZATION OF 3,3-bis (AZIDOMETHYL) OXETANE
IN THE PRESENCE OF ETHYLENT GLYCOL (EG)

RUN | OXETANE., | 8F 5~ ETHERATE,, | H0, £, TEMPERATURE, | REACTION i

Ng?.‘ Ot *WLE rﬁﬁs wLe | CH LM C TiMe.omRs) M Ma f ~

133{ 0.03 0.015 - 0.023*| 25 RT 3 NO POLYMERIZATION.

135 | 0.03 0.015 0.00017 { 0.003*| 10 RT 3 2210 1680

137{ 0.03 0.015 - 0.003 10 RT 3 2064 1950 2.0

121 ] 0.03 0.015 . 0.003 .0 a0 4 223 1734

«_DRIED OVER MOLECULAR SIEVES. i
:
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High Molecular Weight BAMO Polymer

b The feasibility of obtaining a higch molecular weight BAMO polymer (-10,000 M
: or higher), regardless of the functionality of the polymer,

Db @A T
»

S

was 1nvestigated
The polymerization was carried out in methylene chloride at 5 C using a 10:1

molar ratio of BAMO to BF3'Et20 catalyst in the absence of water or chain

i

-

i g initiator. This experiment was highly successful. A polymer was obtained in
1‘; essentially 1007% yield. During the polymerization, the polymer formed remained

X F.
ygﬁ' soluble in the solvent (methylene chloride). Upon evaporation of the soivent, x
?:% a white film-like material was obtained which had a peak molecular weight of 3
H-§ 3
B 19,000. §
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CONCLUSIONS

Three different hydroxy-terminated BAMO prepolymers were obtained with glycerol,
triwmethvolpropane, or ethylene glycol as the initiator. The molecular weights
ranged from 1800 to 3000, with functionalities of two or greater. However, all
of the homopolymers were solids, with a melting point of 75 to 78 C. Further-
more, the melting point was noc affected by changing the molecular weight. As
the objective of the program was to produce a liquid polyol at room temperaturc,
it was concluded that this could not be met by the homopolymerization of BAMO.
Consequently, emphasis was shifted to the preparation of the BAMO/THF copolymer.

A safe and reproducible process was developed for the production of the

50/50 mol % BAMO/THF copolymer at the 15.- to 26-pound level in a 5-gallon
Pfaudler reactor, and yields of 84 to B8Z were obtained. The properties of the
copolymers were quite comparable in temms of 141w (3833-4022), M (2541 to 2578),
f (2.07 to 2.13), and Eq. Wt. (1210 to 1323).

The method of addition of the monomers to the initiating solution (catalyst +BDO)
was found to be important. Addition of the mixed monomers {BAMO and THF) to the
initiating solution was the preferred technique, since it gave 2 morve random
distribution of the monomers in the polymer chain. This minimized the howopoly-
merizatioa of BAMO., thereby yielding a less crystalline (lower viscosity)
copolymer.
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APPENDIX A

BAMO PRODUCTION

EQUIPMENT

A 5-gallon, jacketed, glass-lined Pfaudler reactor, which is fitted for heating

and cooling via a pumped lexsol system,
PROCEDURE

Twelve liters of dry dimethylformamide are charged into the reactor and 12.20
pounds (85.2 moles) of solid sodium azide are added with vigorous agitation.
This mixture is heated to 85-90 C (185-193 F) and 13.23 pounds (38.7 moles) of
fractionally distilled (99+% purity) 3,3-bis(chloromethyl) oxetane (BCMO) are
added from the addition reservoir at such a rate, initially 55 to 60 cm3/min,
that the temperature is maintained by the heat of reaction. Heating by the
lexsol system is terminated at this point. The BCMO addition rate is adjusted
to maintain the reaction temperature, and the total time required for its addi-
tion is approximately 90 minutes. After the BCMO is added, the reservoir and
addition system is washed with 200 ml of dimethylformamide. The reaction mix-
ture is stirred until its temperature starts to fall (~ 15 minutes), after which
time heating is restarted and the temperature is maintained between 85 and 90 C
for 75 additional minutes (total reaction time: 3 hours). At this point, a
sample is withdrawn and analyzed by GC to verify the absence of BCMO. The reac-
tion mixture is then cooled to 50 C (120 F) and filtered through a sintered glass
funnel to remove solid sodium chloride and the unreacted sodium azide from the
product solution. The solid is then washed with methylene chloride to recover
any entrained product. The washings and the product solution are combined

(~ 16 £) and washed six times with equal volumes of deionized water to remove
dimethylformamide (verified via GC). The product solution is dried and purified
by diluting it to ~ 20% BAMO and passing this solution through a 2-inch-diameter

column containing 36 inches of fine basic alumina below 60 inches of coarse basic
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alumina. The column is subsequently washed with 3 liters of fresh methylene
chloride and the washings are combined with the product solution. The methylene
chloride is stripped from the product in vacuo at 40 C/1 mm to glve 11.8 pounds
(82% yield) of 99+% pure BAMO by GC analyses.
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APPENDIX B

BAMO/THF COPOLYMER PRODUCTION

EQUIPMENT

A 5-gallon, jacketed, glass-lined Pfaudler reactor fitted for cooling via a
pumped lexsol system which provides lexsol at -29 C (-20 F).

PROCEDURE

Preparation of the lnitiator

Spectrographic grade tetrahydrofuran (634.0 g, 8.79 moles) and reagent grade
1,4-butanediol (339.4 g, 3.77 moles) are weighed into a 3-liter, 3-necked, round-
bottom flask which is equipped with a mechanical stirrer, thermometer, GN2 purge
system, and immersed in a cooling bath. The tetrahydrofuran/tutanediol solution
is cooled to -5 C (23 F) and 1071.8 g (7.55 moles) of freshly distilled boron
trifluoride diethyl etherate is added over a l-hour period. The initiator mix-
ture is stirred for 1 hour at -5 C after the addition is complete. The mixture

is then transferred to the Pfaudler reactor which has been precooled to -5 C.

Copolymer Preparation

Agitation rf the initiator mixture is initiated, and addition of a solution of
BAMO (6349.7 g, 37.79 moles) and THF (2088.6 g, 28.97 moles) is started. The
temperature ¢ the reaction mixture is maintained at -5 C, and addition requires
approximately 4 hours. The reaction mixture is stirred for 1 hour following
addition of the BAMO/THF solution. Agitation is then stopped for the remainder
of the reaction time (68 hours). After this time, a sample of the reaction mix-

ture is taken and analyzed by GC to verify the abpsence of monomeric BAMO.
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When the GC analyses indicated a BAMO content < 0.5 area %, the following
procedure was followed for workup of the polymer. Methylene chloride (6.4 liters)
was added and the mixture stirred. After stirring for 15 minutes, 10 liters of a
10 w/o sodium chloride solution are added to deactivate the catalyst. This mix-
ture is stirred vigorously for 5 minutes, the agitation is stopped, and the
aqueous and organic phases are allowed to separate. The organic phase is then
washed three times with 20 liters of a 70/30 methanol/10 w/o NaCl solution by
volume. Following the third wash, the methylene chloride/polymer solution is
diluted with additional solvent to give a 20 w/o polymer concentration.

Purification

The 20% solution of polymer is passed through a 2-inch-diameter column containing
60 inches of coarse basic alumina over 36 inches of fine basic chromatographic
alumina for final drying and purification. A small sample of the solution is
then stripped to determine the final polymer concentration. From these data,

the yield was 18.0 pounds (86.7%),
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3 APPENDIX C
b5 Rocketdyne Division Rockwell
g Canoga Park, Calffornia 91304 International
.- Telex. 698478
3
3 ) 11 November 1981 In reply refer to 81RC11918
§ : Commander 2
0 Naval Sea Systems Command :

Washington, D.C. 20362

' Attention: SEA-04H, Ed Klinghoffer

;; Dear Mr. Klinghoffer:

A3 As you know, we are developing a new energetic polymer for the Navey under
; Contract N0014-79-C-0043. The program requires that quantities of this

i material be shipped to various laboratories for evaluation. 1In order to
5 do sc, a shipping classification is needed. Pursuant to our telecon, we
? , have run the standard explosive classification tests and are submitting

< the data with our recommendations for classification.

34 Explosive classification tests were conducted on the copolymer of BAMO/
¥ THF and a 30% solution of BAMO/THF in methylene chloride. The standard
tests were carried out as described in Technical Bulletin TB700-2. The
SO results are summarized below. 3

Gem Al Py aveam AU Gw Bl A0 e 8

Test Results

L0 (et pn L 2

oy
e

Detonation Test ({!8 Cap):

BAMO/THF Negative

30% Soln-BAMO/THF in CH201 Negative i

2

1

Open Burning Test:

TS o T N L KR o
TN G R P ot

5. ) BAMO/THF Burned smoothly for approximately
2 minutes with a white flame.

30% BAMO/THF in CH,Cl Burned poorly with a pale yellow
flame. Sample took about 3 minutes
to boil off CH,Cl, so it could
ignite. Burned for approximately

five minutes.

2772

R1/RD82-119
c-1




T L = T T - .
- - 3
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Impact Sencitivity: .
BAMO/THF Negative at 150 inch-pounds
Thermal Stability:

BAMO/THF <17 weight loss after 168 hours
at 165 F.

Based on the above tests, it 1is our recommendation that the
BAMO/THE copolymer, which will be shipped in methylene chloride
solution, be classified as a "flammable Liquid".

Very truly yours, :

ROCKWELL INTERNATIONAL ;
Rocketdyne Division

M. B. Frankel
Manager :
Chemical Processing
Advuaced Programs

TRl ALTNET La

A and ERGR

e

Argen

MBF:rh

cc: Dr. Richard &. Miiler, Code 473
Office of Naval Research
800 North Quincy Street
Arlington, Virginia 22217
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DEPARTMENT OF THE NAVY
NAVAL SEA SYGTEMS COMMAND

sty ks
Y PANS A Sy e

% " s WASHINGTON, D C. 20382 i
~«-../ oo o [P . A %

5 il 04H12/EMK

2 Ser 943 4

2 5100 z

‘ £

X 9.0 NOV 1981 g

= M. B. Frankel ,;-l,,...“-‘; %

e Manager, Chemical Processing 6 - 2

2 Advanced Programs no'.\"\.. :.;\l\jEtM &

;! Rockwell International CURRCSPONDENCT g

e Rocketdyne Division

e 6633 Canoga Avenue

Er Canoga Park, California 91304

3 Dear Mr. Frankel:

fi ’ Based on the descriptive and test data provided in your letter of

# 11 November 1981, a shipping classification of "Flammable Liquid, N.0.S."

1 is assigned to BAMO/THF copolymer in a 30% methylene chloride solution.

This material has been classed and approved for shipment in accordance with
paragraph 173.86 of CFR 49. Shipment of the zopolymer solution must comply

e with the packaging, marking and labelling requirements of CFR 4°.
e
‘ . Sincerely, \:
’ /ﬁ/ ? =
Milton R. Va& Slyke X
L
Copy to: o

ONR (Code 473)

13496 AC-
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APPENDIX D %
—_— 1
i
BAMO/THF SHIPMENTS* ¥
3
:
Polymer Lot §
%
: Recipients 5-1 5-2 5-3 g
) Mr. Robert Gill 3 - - ﬁ
Naval Surface Weapons Center g
Building 600
Indian Head, MD 20640 ]
5
Dr. Russ Reed, Jr. 2 - - 3
Code 388 £
U.S. Naval Weapon Center é
China Lake, CA 93555 5
Hercules, Inc., Bacchus Works 5 - - g
Magna, UT 84044 ¥
Attn: Dr. Robert A. Earl =
Thiokol Corp, Elkton Div. 1 -
Receiving Dept.
55 Thiokol Road
Elkton, MD 21921
Attn: Dr. C. W. Vriesen
Thiokol Corp, Huntsville Div. 1 -
Receiving Dept.
Redstone Arsenal
Huntsville, AL 35809
Attn: Dr. D. A. Flanigan
Thiokol Corp., Wasatch Div. 3.8 -
- Receiving Dept.
Brigham City, UT 84302
Attn: Dr. J. C. Hinshaw
Professor Sue Kim 0.2 0.2
Science Bldg.,
Dept. of Chemistry
California State University
Sacramento, CA 95819

*A11 shipments in pounds

RI/RD82-119
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Recipients

Polymer Lot

5-1

5-2

5-3

United Technology
Chemical Systems Division
Receiving Department

1050 East Arques
Sunnyvale, CA 94086

Aerojet Strategic Propulsion Co.
Highway 50- and Hazel Ave.
Receiving Dock, Gate 1

Building 4911

Nimbus, CA

Attn: Dr., Richard L. Lou

Atlantic Research Corp.
Pine Ridge Plant

7511 Wellington Road
Gainesville, VA 22065
Attn: Dr. W. E. Stephens

Hercules, Inc.

Alilegheny Ballistics Laboratory
Cumberland MD 21502

Attn: Dr. Kenneth Hartman

Professor Edward Price

Georgia Institute of Technology
School of Aerospace Engineering
Atlanta, GA 20332

Professor Alen Gent
Institute of Polymer Science
Auburn Science Center

Room 201

University of Akron

Akron, Ohio 44325

Dr. Yogi Gupta
S.W. 845 Mies Street
Pullman, WA 99163
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ﬁ Polymer Lot
H Recipients 5-1 5-2 5-3
. SRI International - 5 -
iF 333 Ravenswood Ave.
ig Menlo Park, CA 94025
-; Attn: Mr. G. Manser
L
¢ Naval Suriface Weapons Center - 3 -
E Building 500
i . Indian Head, Md 20640
& Attn: Mr. Robert Gill
:
o Trans Technology Space Ordnance Systems - 1 -
B, Receiving Dept.
3 25977 Sand Canyon Road
¢ Canvon Country, CA 91351
§ Attn: H™Mr. Edward van Ribbink
i
2> Commander - 0.5 -
) U.S. Army Missile Comrand
. Redstone Arsenal, AL 35898
1 Attn: DRSMI-RKL Dr. E. Allan
=
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b DISTRIBUTION LIST |
e . ;
é‘ No. Copies ,No. Copies ’
4 Or. L.V. Schmidt 1 Dr. F. Roberto 1
3 Assistant Secretary of the Navy Code AFRPL MKPA
b (R,E, and S} Room 5E 731 Edwards AFB, CA 93523
P Pentagon ,
L . Washington, 0.C. 20350 Or. L.H. Caveny ]
E: Air Force Office of Scientific
5 Or. A.L. Slafkosky 1 Research |
o . Scientific Advisor Directorate of Aerospace Sciences
‘ Commandant of the Marine Corps Bolling Air Force Base
4 Code RD-1 Washington, D.C. 20332
i Washington, D.C. 20380
§~ ‘ J Mr. Conald L. Ball 1
. Or. Richard S. Miller 10 Air Force Office of Scientific
. Office of Naval Research Research ) _
pr Code 432 g1;$gtor2§e gf Cheg1ca1 Scienzes
4 Arlington, VA olling Air Force Base
- 1ngton 22217 Washington, D.C. 20332
bé Mr. David Siegel ] .
4 Otfice of Naval Research Or. John 5. Wilkes, Jr. 1
H Code 260 FJSRL/NC
f- Ar‘]‘ington, VA 22217 USAF Academy, co 808L0
: Or. R.J. Marcus 1 Or. R.L. Lou 1

Aerojet Strategic Propulsion Co.
P.0. Box 15699C
Sacramento, CA 95813

Office of Naval Research
Western Office
1030 East Green Street

Pasadena, CA 91106 Dr. V.J. Keenan 1

Anal-Syn Lab Inc.
P.0. Box 547
Paoli, PA 19301

Dr. Larry Peebles 1
- Office of Naval Research
\ East Central Regional Office
J 666 Surmer Street, Bldg. 114-D

3 N Dr. Philip Howe 1

: Soston, A 02210 Army Ballistic Research Labs

5 Dr. Phillip A, Hiller 1 RN (R_BLT

. ice of Naval Research o

3 San Francisco Area Office Aberdeen Proving Ground, MD 21005

it y One Hallidie Plaza, Suite 601 i

it : ’ Mr. L.A. Watermeier 1

Y Sar Francisco, CA 94102 Army Ballistic Research Labs

3 Nrar rto K. Heiney 1 Cotn DRDAR-BLI

é Elgin AFB, FL 32542 Aberdeen Proving Ground, MD 21005

f Mr. R. Geisler T R;in?‘uéRga?tsz !
ﬁgggi MKP/MS24 Commander

U.S. Army Missile Command

Edwards AFB, CA 93523 Redstone Arsenal, AL 35898
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No. Copies . No. Copies
Dr. R.G. Rhoades 1 Dr. E.H. Debutts 1
Commander Hercules Inc.
Army Missile Command Baccus Yorks
DRSMI-R P.0. Box 98
Redstone Arsenal, AL 35398 Magna, UT 84044
Dr. W.D. Stephens 1 Dr. James H. Thacher i
Atlantic Research Corp. Hercules Inc. Magna
Pine R*dge Plant Baccus Works
7511 Yellington Rd. P.0. Box 98
Gainesville, VA 22065 Magna, UT 84044
Dr. A.W. Barrows 1 Mr. Theordore M. Gilliland 1
Ballistic Research Laboratory Johns Honkins University APL
USA ARRADCCOM Chemical Propulsion Info. Agency
DRDAR-BLP Johns Hopkins Read
Aberdeen Proving Ground, MD 21005 Laurel, MD 20810
dr. C.M. Fre 1 Dr. R. McGuire 1
Chemical Syscems Division Lawreuce Livermore Laboratory ;
P.0. Box 358 University of California d
Sunrvyvale, CA 94086 ) Code L-324 :
Livermore, CA 94550 i
Professor F. Rodriguez 1 :
Cornell University Dr. Jack Linsk 1 :
School of Chemical Engireering Lockheed Missiles & Space Co. ;
0lin Hall, Ithaca, N.Y. 14853 P.0. Box 504 i
Code Or?. 83-10, Bldg. 154 ;
Defense Technical Information 12 Sunnyvale, CA 94088 i
Center Dr. B.G. Craig 1 t
DTIC-DDA-2  ° Los Alamos National Lab %
Cameron Station P.0. Box 1663 . d
Alexandria, VA 22314 NSP/D0D, MS-245 :
Los Alamos, NM 87545 &
Dr. Rocco C. Musso 1 1 ¥
Hercules Aerospace Division Dr. R.L. Rabie .3
Hercules Incorporated WX-2, MS-952 S
Alleghany Bailistic Lab Los Alamos National Lab. §
P.0. Box 210 P.0. Box 1663 g
Washington, D.C. 21502 Los Alamos NM 37545 %
Sy
Dr. Ronald L. Si-mons ! PEs RiaRB9eEielfific Lab. ! :
Hercules Inc. Eglin P.0. Box 1683 . %
AFATL/DLOL Lés.Alanos NM 87545 3
Eglin AF8, FL 32542 R , }
Ki

RI/RD82-119
E-2

s ot i 3 A CR R ATV L Kb LR e £ M b e et T T




- ,!Qtf"

e
p

Mr. R. Brown 1
£ Naval Air Systems Command

2 Code 330

- Washington, D.C. 20361

Or. H. Rosenwasser ]
Naval Air Systens Command

AIR-310C

SN Washington, D.C. 20360

',9’*&' .‘k:“:" "

B Mr. B. Sobers 1
) Naval Air Systems Command

Code 350 -~

Washington, D.C. 20360

PN

Assistant Director

, Naval Explosives Dev.
i Engineering Dept.

£ Naval Weapons Station
°3 Yorktown, VA 23691

Dr. L.R. Rothstein !
g

E Dr. Lionel Dickinson 1
Naval Explosive Ordnance

Disposal Tech. Centor
Code D
Indian Head, MD 20640

o Ametavm teacam

ST e e el FLAPS A
5 A"Q‘,z'.“.‘,”

Mr. C.L. Adams ]
Naval Ordnance Station

1 Code PM4
Indian Head, MD 20640

1 %o A

Liiafee

Mr. S. Mitchell ]
Naval Ordnance Station

Code 5253

Indian Head, MD 20640

R E IR WS Ver
-

o

S Dr. William Tolles 1
- Dean of Research
. Naval Postgraduate School
Monterey, CA 93940

Naval Research Lab. 1
, Code 6100
. Washington, D.C. 20375
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No. Copies

Dr. J. Schnur 1
Naval Research Lab.

Code 6510

Washington, D.C. 20375

Mr. R. Beauregard 1
Naval Sea Systems Command
SEA 64E

Washington, D.C. 20362

Mr. G. Edwards 1
Naval Sea Systems Command
Code 62R3

"Washington, D.C. 20362

Mr. Jofm Boyle 1
Materials Branch

Naval Ship Engineering Center
Philadelphia, PA 19112

Dr. h.G. Adolph ]
Naval Surface Weapons Center
Code RN

White Qak

Silver Spring, M3 20910

Or. T.D. Austin ]
Naval Surface Weapons Center
Code R16

Indian Head, MD 20640

Dr. T. Hall 1
Code R-11

Naval Surface Weapons Center
Khite Oak Laboratory

Silver Spring, MD 20910

Mr. G.L. Mackenzie 1
Naval Surface Weapons Center
Code RINO1

Indian Head, MD 20640

Dr. K.F. Mueller 1
Naval Surface Weapons Center
Code Rl

White Oak

Silver Spring, MD 20910
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Mr. J. Murrin

Naval Sea Systems Command
Code 62R2

Washington, D.C. 20362

Dr. D.J. Pastine

Naval Surface Weapons Cneter
Code R04

White Oak

Silver Spring, MD 20910

Mr. L. Roslund

Naval Surface VWeapons Center
Code R122

White Oak, Silver Spring

MD 20910

Mr. M. Stosz

Naval Surface Weapons Center
Code R121

White Oak

Silver Spring, MD 20910

Naval Surface ‘leapons Center
Code K13

White Qak

Silver Spring, MD 20910

Dr. D. R. Derr

Naval Weapons Center
Code 388

China Lake, CA 93555

Mr. Lee N. Gilbert
Naval Weapons Center
Code 3205

China Lake, CA 93555

Dr. E. Martin

Naval HWeapons Center
Code 3858

China Lake, CA 93555

Mr. R. McCarten

Naval Yeapans Center
Code 3272

China Lake, CA 93555
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No, Copies
Dr. A. Nielsen 1
Naval Weapons Center
Code 385
China Lake, CA 93555
Or. R. Reed, Jr. 1
Naval Weapons Center
Code 388
China Lake, CA 93555
Dr. L. Smith 1
Naval Weapons Center
Code 3205

China Lake, CA 93555

Or. B. Douda 1
Naval Weapons Support Center
Code 5042

Crane, Indiana 47522

Dr. A. Faulstich 1
Chief of Naval Technology
MAY Code 0716

Washington, 0.C. 20360

Dr. E. Zimet 1
Chief of Naval Material
Office of Naval Technology
MAT, Code 0712

Washington, D.C. 20360

Mr. Joe McCartney 1
Naval Ocean Systems Center
San Diego, CA 92152

Dr. S. Yamamoto 1
Marine Sciences Division
Naval Ocean Systems Center
San Diego, CA 91232

Dr. G. Bosmajian 1
Applied Chemistry Division

Naval Ship Research & Develooment

Center
Annapolis, MD 21401

Dr. H, Shuey 1
Rohn and Haas Company
Huntsville, Alabama 35801
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No. Copies

Dr. J.F. Kincaid
Strategic Systems Project
Office

Depirtment of the Navy
Room 901
Washinqton, D.C. 20376

Strategic Systems Project Office
Propulsion Unit

code SPz731

Department of the Navy
Washington, D.C. 20376

Mr. E.L. Throckmorton

Strategic Systems Project Office
Department of the Navy

Room 1048
Hashington, D.C. 20376

Dr. D.A. Flanigan
Thiokol

Huntsville Division
Huntsville, Alabama 235807
Mr. G.T. Mangum
Thiokol Corperation
Huntsville Division
Huntsville, Alabama 35807
Mr. E.S. Sutton

Thiokol Corporation

Elkton Division

P.0. Box 241

Elkton, MD 21921

Dr. G. Thompson

Thiokol

HWasatlch Divizion

S 240 P.0O. Box 524
Brigham City, UT 84302

Dr. T.I. Davidson
Technicel Dirccctor
Thiokol Corporatien
Government Systems Group
P.0. Box 9253

Odgen, Utah 84403

RI/RD82-119
E-5

No. Copies

Dr. C.H. Vriesen !

Thiokol! Elkton Division
P.0. Box 241
Clkton, MD 21921

Or. J.C. Hinshaw 1
Thiokol Wasatch Divi-ion

P.0, Box 524
Brigham City, Utah 13402

U.S. Army Research Office 1
Chemical & Biological Sciences
Division

P.0. Box 12211

Research Triangle Park

NC 27709

Br. R.F. Walker 1
USA ARRADCOM

DRDAR-LCE

Dover, NJ 07801

Or. T. Sinden 1
Munitions Directorato

Propellants and Expluoives
Defence Equipment Staff
British Embassy

3100 Massachusetts Ave,

Washington, D.C. 20008

Capt. S. Shackelford 1
AFRPL/LKLR

tdwards AFB, CA 93523

Dr. Merrill K. King ]

Atlantic Research Corp.
5390 Cherokee Avenue
Alexandria, VA 22314

Dr. W. Wharton ]
Army Missile Command

DRSMI-RK

Redstone Arsenal, AL 35898
Dr. David C. Sayles 1

Ballistic Missile Defense
Advanced Technology Center
P.0. Box 1500

Huntsville, AL 35807
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ks Dr. Kurt Baum ] Or. R. Atkins 1 %
& Fluorochem, Inc. Naval Weapons Center &
3 680 South Ayon Ave. Code 3852 §
Azusa, CA 91702 China Lake, CA 93555 2
$ Professor J. H. Boyer 1 Dr. May L. Chan 1 H
'3 Univ. of I1linois Naval Weapons Center k)
- Dept. of Chemistry Code 3244 5
b Box 4348 China Lake, CA 93555 )
5 Chicago, I1linois 60680 3
4 Dr. T. B. Joyner 1 3
- Dr. Joyce J. Kaufman 1 Naval Weapons Center %
« T The Johns Hopkins University Code 3264 Z
S Department of Chemistry China Lake, CA 93555 i
&L Baltimore, MD 21218 i
) Dr. R. A. Rhein 1 4
. Dr. C. Coon ] Naval Weapons Center 5
e Lawrence Livermore Lab. Code 3244 i
e University of California China Lake, CA 93555 3
;- P.0. Box 808 E
R Livermore, CA 94550 Dr B. David Halpern 1 3
P Polysciences, Inc. g
k. - Professo J. C. Chien 1 Paul Valley Industrial Park 3

‘ University of Massachusetts Warrington, PA 18976 3

b Department of Chemistry i
e Amherst, MA 93003 Dr. Karl 0. Christe 1 £
Lk Rockwell International g
N Professc~ P. Lillya ] 6633 Canoga Avenue 3
B University of Massachusetts Canoga Park, CA 91304 K

: Department of Chemistry 2
SO Amherst, MA 03003 Or. M. B. Frankel ] g
_ Rockwell International 3
A Prof. Richard A. Reinhardt 1 Rocketdyne Division %
s - Naval Postgraduate School 6633 Canoga Avenue
g Physics % Chemistry Department Canoga Park, CA 91304 :
S Monterey, CA 93940 }
¥ Or. D. L. Ross 1 ¢
e Dr. J. Karle 1 SRI International %
x Naval Research Laboratory 333 Ravenswood Avenue g
Code 6030 Menlo Park, CA 94025 £

Washington, D.C. 20375 §

Mr. Ed van Ribbink 1 3

Or. M. J. Kamlet 1 Space Ordnance Systems i

Naval Surface Weapons Center 25977 San Canyon Road 3

: Code R11 Canyon Country, CA 91351 3

‘ White Oak, Silver Spring, MD 20910 i
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