BRL-TR-2985

AD~-A206 553

o1 thg,,,
v S

TECHNICAL REPORT BRL-TR-2985

POLYETHYLENE GLYCOL-POLY(2-METHYL-5-VINYL
TETRAZOLE) POLYMER BLEND (A
DESENSITIZING BINDER FOR PROPELI.ANTS
AND EXPLOSIVES)

INDU B. MISHRA
LAWRENCE J. VANDE KIEFT

MARCH 1989

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

U.S. ARMY LABORATORY COMMAND

BALLISTIC RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND

' 89 4 10 093




DESTRUCTION NOTICE
Destroy this report when it is no longer needed. DO NOT return it to the

originator.

Additional copies of this report may be obtained from the National Technical
Information Service, U.S. Department of Cammerce, Springfield, VA 22161.

The findings of this report are not to be construed as an official Department
of the Army position, unless so designated by other authorized documents.

The use of trade names or manufacturers' names in this report does not con-
stitut2 indorsement of any cawmercial product.




UNCLASSIFIED
SECURITY CLASSIFICATION OF TH:S PAGE

Form Approved
REPORT DOCUMENTATION PAGE OMB No. 07040158
18 REPQORT SECUF:TY CLASSIFICATION 1b RESTRICTIVE MARKINGS
UNCLASSIFIED
23. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for Public Release; Distribution
Unlimited.
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
BRL-TR-2985%
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
('f applicable)
Ballistic Research Laboratory SLCBR-TB-E
6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and 2IP Code)

Aberdeen Proving Ground, MD ?1005-5006

8a. NAME OF FUNDING / SPONSORING 8b. OFFICF SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION Ballistic Research (If applicable)
Lab (mission fund) 1L162618AH80
8c. ADDRESS (City, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. 1L16261 NO. ’ACCESSION NO.
8AHS80

11. TITLE (Include Securrty Classification)
Polyethviene Glycol-Poly(2-Methyl-S-Viny! Tetrazole) Polymer Blend (A Desensitizing Binder for Propellants and Explosives)

12. PERSONAL AUTHOR(S)

INDU B. MISHRA and LAWRENCE J. VANDE KIEFT
13a TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT

Final from  Dec 85 10 Aug 86
16. SUPPLEMENTARY NOTATION

17. COSAT:I CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP > Polyethylene Glycol (PEG), Densensitizing Binder, Poly(2-Methyl-5-Vinyl
07 03 Tetrazole) (PMVT), Miscible polyme.r pairs, interpenetrating network, e
19 01 energetic binder, sympathetic detonation polymer blend , {7y 5 )&=

19. ABSTRQCT {Continue on reverse if necessary and identify by block number)

“~Miscible polymer pairs are formed with an energetic polymer, (poly(2-methyl-5-vinyl tetrazole), PMVT, and a
nonenergetic polymer, polyethylene glycol, PEG, of molecular weight 1000 to 4000. This polymer blend PEG-PMVT is
formed from acetonitrile soluion upon removal of the solvent. The blend also precipitates when a nonsolvent, hexane, is
added to a solution of PEG-PMVT in acetronitrile at or below 0*"C. With PEG E1000, blends have been formed with
PEG:PMVT of 1:1 1o 1:1.8 by weight.

This blend has been characterized from its unique glass transition temperature, T}, as well as formation of transparent
films. Interaction between chains in the form of weak C-H.O hydrogen bonding has been identified from infrared
Spectroscopy.
pee Poll);lmer blends are not formed with PMVT and polypropylene glycol, PPG, with methyl side chains as well as
polyols with hydroxy number 3 or more. A blend is formed, however in a narrow regime of temperature with PMVT and
glycidylazide polymer, GAP. . :

This polymer blend is found to be a desensitizing energetic binder for propellants and for plastic-bonded explosives in
particular. A PBX composition containing 91 percent RDX by weight and 9 percent PEG-PMVT polymer blend has a drop-

weight-impact sensitivity better than Comp B.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
CuncLassiFieounumited [ same as ReT [ oTic USERS | UNCLASSIFIED
228. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22c. OFFICE SYMBOL
Lawrence J, Vande Kieft (301) 278-6574 SLQR.TB.E
DD Form 1473, JUN 86 Previous editions are obsolets. SECURITY CLASSIFICATION OF THIS PAGE
UNCLASSIFIED
Mty £y

XL LY L vE T A
Bgsi p"\‘;!u“nmuiu ~



ACKNOWLEDGEMENTS

We are thankful to Dr. Ron Henry of the Naval Weapons Center, China Lake, CA, for
providing the sample of PMVT and to Dr. Amold Adicoff of TRW for providing assistance in
polymerizing the monomer and to Dr. Kan of Johns Hopkins University for the NMR work. This

work was possible due to the financial support of the National Academy of Sciences, and we are

thankful to them.

We are thankful to Dr. W. Hillsuom for helpful discussions, to Dr. R. Fifer for his help in

the infrared work, and to Dr. Robert J. Lieb for his help in the DMA work.

Accusion for
X )
( o NTIS  CRARI 4
S ) DTIC Tak )
Y Uinannhoaeeny U
S Juihtieanen R
BY e
O N ST I I
Ay voldny o ee
e T T LI TS
1 o
Deat i "

iii




CONTENTS

Page

ACKNOWLEDGEMENTS . ... ... . i it i it iii
TABLE OF CONTENTS . ... . ... i i it i v
LIST OF FIGURES .. ... ittt i eie i vii
INTRODUCTION . ... i i i i e it i i e e e 1
EXPERIMENTAL ... ... ittt i it it e 3
Preparation of PEG-PMVT PolymerBlend .................... 3
Characterization of PEG-PMVT Polymer Blend . .. ... ............ 3
Differential Scanning Calofimetry . .. .. ..o vttt i i e 3
Dynamic Mechanical Analysis . ........ . .. i il 4
Measurement of Density .. ... ... . i i e 4
Infrared Spectra of PEG-PMVT Polymer Blend . ... ... ..... .. .. 7

BC and 'H NMR of PEG-PMVT Polymer Blend ................. 7
Examination of Explosive Composition .. ......... .. ... . 14
Blending with Other Polyols .. ... . ... . it i 19
DISCUSSION . . e e 19
SUMMARY L e e e 26
LISTOF REFERENCES ... ... . .. . . i i i it 28
ABBREVIATIONS . . ... . i i 30
DISTRIBUTION LIST . ... . i i i et e K}




4a.

9a.

10a.
10b.

1L

FIGURES

Mechanical damping curves for PEG . .. ... ... ... ... . . . 0 e
Mechanical damping curves for PEG-PMVT polymer blend . . .. .........

FTIR spectra for PMVT and PEG-PMVT polymer blend
(4000-2000 CI) Lo e e e e e

FTIR spectra for PMVT and PEG-PMVT polymer blend
(2000-600 €M) L. e e e e e

FTIR spectra of PMVT and PEG-PMVT polymer blend
(1050-650 €y« i i e e e

FTIR spectra for PMVT and PEG-PMVT polymer blend
(1300-1000 CIM) o0t e e e

FTIR spectra for PMVT and PEG-PMVT polymer blend
(1500-1200 €M) Lottt e e e e e

Carbon-13 NMR of blend and the mixture in acetronitrile . ............
Proton NMR of (3) PEG and (b) PMVT in acetronitrile . .............
Proton NMR of freshly prepared PEG and PMVT solution .. ..........
Proton NMR of PEG-PMVT polymer blend in acetronitrile ............
Mecchanical damping curves for PMMA-PBA copolymers . ............
Tan § versus temperature for incompatible systems .. ... oL ...

Mechanical damping and domain size (Kaplan) ......... ... ... ...,

vii




1. INTRODUCTION

This study is a part of an ongoing effort within the Ballistic Research Laboratory, BRL, to
improve propellants and explosives to meet the current ordnance needs. In one application, the
desired product is an explosive, possessing high enough explosiveness, but having reduced
sensitivity. Reduced sensitivity implies thermal stability and increased resistance to cook off and to
shock initiation. Impact sensitivity measures explosiveness using the drop-weight test. Because the
explosive is a composite of organic binder and crystalline nitramines, low sensitivity implies that
the binder should, not only be tough, but ‘soft,’ especially in the impact time frame. We have
found, like many other laboratorics, that the senmsitivity may be improved if the percent of
crystalline nitramines is reduced. In order to maintain the explosiveness, therefore, the binder must
have energetic functionality. Previous work at the Naval Weapons Center confinns this view. We
have found that using a moderately encrgetic binder like poly(2-methyl-$-vinyl tetrazole), PMVT, as
onc of the cnergetic binder components, it is possible to impart such an insensitive characteristic.
Furthermore, this binder is stereoirregular like polymethylmethacrylate, and has crystalline
components in it, and is a solid. We¢ werc able to form a polymer blend of PMVT with a
nonenergetic binder, PEG, and as the data presented in this paper show, to desensitize plastic-

bonded explosives containing 88 to 91 percent RDX by weight.

When two polymers of different natures are miscible, they fonn a compatible mixture. In
general for polymers, however, “Compatibility is the exception and incompatibility is the rule.™
The objective of mixing during polymer blend preparation is to bring the two polymer chains to
clost proximity and to effect a physico-chemical interaction between the chains, facilitating the
formation of an interpenctrating network. The close proximity is important because the two
miscible polymer chains still reside in domains. When the domain size is small, :zlaxation of
nonequilibrium concentration gradients is facilitated. Blending is aided by solvents, heating, or

1




shearing of the mixture? Yet there is a limit to the fineness of the domains. A small amount of
chemical interaction, such as formation of weak hydrogen bonding, goes a long way in facilitating

the formation of a blend of fine domain size.

Poly(2-methyl-5-vinyl tetrazole), PMVT, has been known for over 25 years’ It has the

following structure:

This polymer is precipitated from the monomer solution in benzotrifluoride by a free radical
reaction. As shown in the cxperimental scction, this material forms a polymer blend with
polyethylene glycol, PEG. No compatible blend was formed when the chemical nature of the
glycol was changed to polypropylene glycol, PPG (Polyol E-2000), or polyols of hydroxy number
three or more (Dow's Voranols or BASF's Pluracols). This may be due to pendant methyl groups
coming in the way of close proximity and forming a network (steric hinderance). Glycidyl azide
polymer and PMVT on the other hand, formed a blend in narrow temperature and concentration
regimes.




2. EXPERIMENTAL

2.1 Preparation of PEG-PMVT pelymer blend. The polymer was cast in acetonitrile.* To
a boiling solution of 3 g of PEG E-1000 (polydisperse, molecular weight 1,000), S g of PMVT was
added slowly. The solution was stirred continuously for an additional 10 minutes after all PMVT
was dissolved. The solution of the polymers was next dried slowly by spreading it over a glass
plate by rolling a rod wound with wire through a puddie of the syrup. A thin, transparent
noncrumbly film was formed, giving the preliminary indication that the two polymers may have
formed a compatible blend. Then the solution of the polymers was cast into a flat dish, and the
solvent evaporated slowly. The film formed was finally dried in a vacuum oven. The dried film
was then characterized by thermal analysis, dynamic mechanical analysis, mechanical testing,

transmission clectron microscopy, infrared and NMR spectroscopy 474

The polymer blend was also obtained by pouring the acctonitrile-based syrup into a
nonsolvent, such as hexane, which was kept cooled to between 0° to -20° C. The blend precipitated

and was filiered cold.

22 Charactenization of PEG-PMVT polymer blend*'™° The formation of a transparemt
noncrumbly film was the first indication of the formation of a compatible polymer blend, as has
been indicaicd in the previous section. The following experimental investigations confirmed the
PEG-PMVT polymer blend formation:

221  Differential Scanning Calorimetry (DSC). DSC data on the samples showed
endotherms at -130° C, comesponding to transitions duc to N-CH, telaxation, and at -70° C, due 0
the relaxation of Whe tetrazole ring.  The main glass transition temperature of PEG was shifted

upward to 4° C and a single glass wunsition was seen. This transition lies between -40° and




40° C, which is the softening temperature of PEG. The T,-shift, calculated using the following

relationship, agrees with the experimental result."

IT, = W/T, + WJT,

where T, = glass transition temperature of the polymer blend

T, = glass transition temperature for polymer Component A
» = glass transition temperature of polymer Component B
W, = # moles of a in the blend
W, = # moles of b in the blend

-3

2.2.2 Dynamic Mechanical Analysis. Samples of PEG-PMVT polymer blend were made
by the procedurc described. Before removal of all solvent, the crosslinking agent isophorone
diisocyanate, IPDI], was added to cure the sample, with T-1Z, dibutyitin dilaurate, the catalyst. The
sample cured at 70° C in 4-6 days. Polyfunclional isocyanates, such as Mobay's Mondur CB 60
PMA (trimethalol propane-TDI adduct), or Hils polyisocyanate IPDI-T 1890/100 (isocyanurate of
IPDI), were also used successfully to oblain cured PEG-PMVT. These samples show absence of
moisture in DSC runs. At ambient temperature and ambient Maryland humidity, they do not pick
up moisture in 30 days. The samples were repeatedly heated and cooled (1007 C o 0 C); there
was no shift in the DSC endothermns.  Figures 1 and 2 are plotz of siorage modulus E°, loss
modulus E”, and tan 6. versus temperature for cured PEG and PEG-PMVT polymer blend,
respectively.  When transitions or  relaxations occur, there is a drop in storage modulus E’, a rise
in loss modulus E”, and tan §, the ratio of E"/E’, shows a maxima. The DMA results confirm the
T, value from the DSC work, although they are slightly higher than those from the DSC dana

2.2.3. Measwement of Density. The density of PEG-PMVT (1.226 g/ml) was higher than
the weighted gverage of the densities of PEG and PMVT. This is consisten! with the finding of
Shur and Ranby.” that the geasitics of polymer blends are about § percent higher than the weighted
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average for the two components.” This is a desirable property because high density ard good

energy transfer properties are some of the requirements for a good binder for explosives.

224 Infrared¢ Spectra of PEG-PMVT Polymer Blend.”? The IR spectra of PEG, PMVT
and PEG-PMVT polymer blends were cxamined, thus: Thin films of the samples were placed
under a KRS-5 window, and ATR (attenuated total reflectance) spectra were taken using a Mattson
Sirius 100 FTIR Spectrometer. Two-hundred scans at a resolution of 4 cm™ were signal averaged

and stored on a hard disc. Comparison and spectral subtraction revealed significant differences as

listed below in Table 1.

Table 1. Comparison and Spectral Subtraction

Assigned Modes PMVT, Polymer Blend,
cm? cm*

C-H vibration 2,965 2,935

Sym. C-0-C 1,060 1,040

CH bending 1471 1,496
1,244 1,250

In addition, there are changes in N-N and N=N vibrations as well as CN vibntions as
repoited for tetrazoles in the literature.* Figurcs 3 and 4 show superimposed spectra of PMVT and
the polymer hlend in the frequency range of 4,000 - 2,000 cm* and 2,000 - 600 cm*, respectively.
~ Figures 5 and 6 show magnified spectra in critical regions.

22.5 C and 'H NMR of PEG-PMVT Polymer Blend. Tables 2 and 3 show the NMR
spectruin taken in deuterated acetonitrile, of PEG, PMVT, freshly mixed PEG and PMVT, as well
as the PEG-PMVT polymer blend. “C NMR spectra of freshly mixed PEG and PMVT in
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Table {. Carbon=-13 NMR Chemical Shifts

COMPOUNDS CHEMICAL SHIFTS IN PPM
PEG 10.18
PMVT N-CH3 31.25, CHCH2 38.07, N-C-N 187.35
BLEND Same as the combined data for Peg & PMVT
PEG-PMVT Mixture Same as the biend
CHAICN 117,35

Table 1. 1~H NMR Chemical Shifts

COMPOUNDS CHEMICAL SHIFTS IN PPM
CHICHN Sid., 3.33 down tield of TMS
PuMVTY N=-CN3 2.68, CHCH2 8.48, broad
. Mizture 4.48, 4.8, 3. 856, 21.28, 2.0
BLEND 2.04, 2.63, ¢.42, 8.08, all beoad

Istetecilon betwesn network sugpoesied.
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acetonitrile appear to be identical to that for the polymer blend and show no change in chemical
shifts (Figare 7). The proton data, on the other hand, show some changes, suggesting that some
interactions exist between PEG and PMVT, especially when they interact © form a polymer blend
(Figures 8 and 9). We are following the NMR of solid polymers by the magic angle spinning

technique in order to understand better the nature of this interaction.

2.2.6 Examination of the Explosive Composition. PEG-PMVT polymer biend is not very

energetic. The data from the Tiger code for the blend are as follows:

Density 1.21 g/mol
Heat of formation 316 cal/g
Det. pressure 60 kbar

Det. velocity 4.32 km/sec

Explosive batches were made using 91 percent RDX by weight. The remaining 9 percent
consisted of the blend. The mixes were made by preparing the blend in solution, adding RDX,
then removing the solvent by vacuum drying. Mixes were made with and without the curing agent.

With a curing agent the §1 percent-solid loading could not be accomplished.

Impact sensitivity was measured using a type-12, drop-weight tester with a 2.5 kg drop
we,ght ¥ Table 4 data were obtained for this explosive and are compared for a few other known

exnlosives:

14
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Table 4. Impact Sensitivity for PEG-PMVT-RDX and
Other Known Explosives

Explosives 50% point,
m

TNT 1.48
A3 0.8
Comp B 049 - 0.8
LX-14 0.53
PEG-PMVT blend with

91% RDX 1.32

2.2.7 Blending with Other Polyols. Polymer blending was attempted with other bindess.
Polypropelenc glycol was dissolved in acctonitrile and PMVT was dissoived into it. Upon
evaporation of a dilute solutien in a flat aluminum or glass dish, phase separation occurred.
Unsuccessful attempts were made 1o form a blend with Voranol {a polyol made by Dow Chemical
with hydroxy functionality 3 or morc), Ethylene-propylene copolymers, EPDM, and cis-
poiybutadiene (Polysar). With GAF a blend was formed (transparent noncrumbly film). The blend
was sensitive 10 formulation as well as to temperature change. A compatible blend was also

formed with vinyl acetate polymer.

3. DISCUSSION

Rl is secn that at 91 percent RDX this explosive has an impact sensitivity of 1.32 m (versus
A3 with 91 pereent RDX at 0.8 m). Why should an energesic binder like PMVT reduce
sensitivity?' M4 Early work on the LOVA peopellants by Rocchio® at the Ballistic Research
Laboratory has shown that binders, that showed endothermic decomposition below the
decomposition temperature of RDX, necessanly desensitize to thermal stimuli. The work done at

19



Naval Weapons Center, Naval Surface Weapons Center, and Air Force Rocket Propulsion Lab show
that a ‘tough’ binder should generally be used for lowerng sensitivity. Dr. Reed's criterion® for
toughness of binders for plastic bonded explosives is a birder with a strain energy of >40 in-lbs/in’.
Dr. kaymcnd Steele of Los Alamos? and we at the BRL agree that a ‘soft’ binder is needed in
order to provice a ‘shock absorber’ or divener for the impact. (The term shock absorber was

coined by Dr. May Chan at NWZ)

Through examining PMVT, one peint tecomes immediately clear®  The binder backbone
has clectron-deficient. pendani-tetrazole groups. These can act as encrgy sinks and absorb energy.
Once they absorb energy. they may dissipate or dele.alize it in many ways. For example, a
teirazole nng can absorb erergy and feed it into it waany ;° wisials, g0 to an cxcited state and
then give it off (or decompose if such is the casc). Since such transitions require a specific
quantum of energy. and since the molecules cannot remsain long in the excited state, the encrey gets
delovalized. In addition, the pendant groups i a folyser backbone may undergo other vibratonal
transidions (known @ polymer rclaxations) ard provide additional pathways for enevgy dissipation.
In PMVT ¥oc cxanple. ther can be two ¢ \ditional such transitions: One for the tetrazole ving and
the other due 1o the methyi side chains on the wtraznke ring. Each of these modes will need s~ e

energy to delocalize and dissipate, and that wi.y g0 a long way towand desensitization

Tt.¢ mosy commondy used method for establishing nelymer-pclymer miscibiiity in blends is
through rhe glass transiti o tempersiure, T, i1 the Pends cerus those of the underdad
components. A miscible polymor biend will show a stagle glass transition beiwesn the T of the
componerits with a sharpness for the transitioa siksila to that of the compoacnis. I 8 miscidlity
is bordstine, cnly broadening of the transiton will occur. Two separate thansittong Dotwesss dhose
of the constitiints mav jesult showiny phases sich in cither componergt in case of lmited

miscidility. Wien there are strong iv.craciions, T, may go through 3 maxicum as 3 function of

0




concentration.  All of the above are valid only wicna the '7, .ifference between components is

>20° C.

One basic question, which has no universally acceptable answer today, is the level of -
molecular mixing required to yicld a singie T,. Altematively, the size of a "domair" or "phase” of
composition in the blend needed to yield a single macroscopic property such as T, is not well
known. Kaplan,® from an examination of polymer morphology, has assigned a value of 150 A° as
the domair: size required to contain a universal segmental length associated with the glass transition.
The plots from Kaplan (Figures 10 and 11) show the opoque to transparent borderline domain size

and glass transition.

We have ..ed DSC, as well as Dynamic Mechanical Spectroscopy, DMS, to determine the
glass and other transitica temperatures for the polymer bleii. The elastic and viscoelastic
groperties of polymers, when subjected to small amplitude cyclic deformations, yield valuable
information conceming transitions occurring on the backbone. Generally, data are obtained over a
broad temperature range. In a phase-separated blend, the transition behaviors of individual
components remain unaffected, whereas a single transition at a temperature intermediate between the
T, of the two components occurs for a true compatible blend. Dynamic mechanical analysis on
PEG-PMVT blend shows a strong transition at 0° C, and the transition of PEG at -25° C is almost
compieiely absent. A fine tuning of the composition PEG:PMVT may be necessary to eliminate the

PEG transition in the blend aliogether.

The results described here show that the polymer blend formed from PEG and PMVT are
miscible in the given weight ratios at all temperatures. Hydrogen bonding seems to play an

important ol in strengthening the interpenctration network.
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The formation of hydrogen bonds has long been known to have a profound influence on the
mode of vibration of acceptor and doner molecules involved (in this case PMVT and PEG,
respectively). In the words of Pimmentel and McClellan,* “The vibrational spectrum provides the
most sensitive, the most characterisic and one of the most informative manifestations of the
hydrogen bond." For example, the C-H vibrational mode (stretch) of C,CLH, pentachloroethane, in
carbontetrachloride is seen at ﬁ,965 cm?, and it shifts to 2,895 cm” in tributyiphosphine due to

hydrogen bonding.®

2,5.8,11,14-pentaoxapentadecane polymer, CH;-O(CH,CH,0),CH,, forms a 3:1 complex with
trichloromethane as evidenced from enthalpy of mixing maxima. 2,5-dioxahexane,
CH,OCH,CH,0CH,, forms a 1:1 complex with trichloromethane, suggesting that altemate ‘O’ atoms
of such polyethers are available for forming hydrogen bonds* CH hydrogen of chloroform reacts
with each nonbonding pair of electrons associated with O. In some instances, such as reported by

Combelas, et al,” there are three modes of C-O vibration:

one due to C-O alone,
one due to C-O..HCCl,, and the other due to
P /HCG3

C-0<
“HCC],

This complex should suffer from fairly severe mutual repulsion, yet the C-O stretching vibrations

are found at three distinct frequencies.

The R-C-H frequencies of PMVT participating in hydrogen bonding with the O doners of
PEG should show the following pattems in the IR spectra of the blends:
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& a shift in C-H stretching modc to lower frequency
b. an increase in the half-width of this band
¢. an increase in the intensity of the band in the IR but not in the Raman

d. a shift in R-C-H bending mode to higher frequency.

Of these the Avs is by far the most commonly utilized and reported feature taken to be
characteristic of hydrogen bond formation Intensity increase is sometimes seen as a confirmation
of the presence of the hydrogen bond. What is seen in the case of the PEG-PMVT polymer blend
is consistent with prediction: The C-H stretching vibration is shifted from 2,965 to 2,935 wave
numbers, and the bending mode is shifted to a higher frequency. It may therefore be said about
the PEG-PMVT polymer blend that the active methine hydrogen of PMVT can form a hydrogen
bond with the O atoms of the polyether, PEG. This provides a driving force for the formation of

the polymer blend.

If we examine the NMR result, we expect the CH hydrogen resonance of PMVT to move
to lower field due t0 H-bonding with the doner 'O’ of PEG.*® The H bond formation results in a
small reduction of eleciron density of the doner molecules, and, therefore, a reduction in the
shielding of its nuclei. Because the interactions are between C-H..O, the '*C NMR may not show
any change in chemical shifts. Indeed, there is no difference between superimposed “C NMR
spectra of PEG and PMVT and the blend. The proton NMR taken in acetonitrile shows some
changes, and we plan to carry out both high resolution proton NMR and magic angle spinning in

the solid state for a more complete understanding of the results.”

One prediction can be made with regard to polymer blending with PMVT, as it possesses
an active methine hydrogen. As long as hydrogen bonding can be caused by intimate contact with
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other heteroatoms, such as F, O, etc., in another polymeric backbone, an interpenetrating network
may be a consequence, especially in cured PEG-PMVT, barring steric factors (as we have noticed
in the case of nonformation of blends between PMVT and PPG and certain polyols) and barring
dispersive and polar effects. Thus, it should be possible to form interpenetrating networks between
PMVT and Vion, PVC, PVA, CTBN, PBAA, PMMA, etc. As a test of this predictability, we
dissolved a vinyl acetate polymer in THF, and then added PMVT, and did succeed in forming a

blend. These and other results will be reported by us in due time.

4, SUMMARY

Miscible polymer pairs arc formed with an encrgetic polymer, poly(2-methyl-S-vinyl
tetrazole), PMVT of molecular weight 200,000 and with a nonenergetic polymer, polyethylene
glycol, PEG, of molecular weight 1,000 to 4,000. This polymer blend, PEG-PMVT, is formed
from acetonitrile solution upon removal of the solvent. The blend also precipitates when a
nonsolvent, hexane, is added to a solution of PEG-PMVT in acctonitiile at or below 0° C. With

PEG E-1000, blends have been formed with PEG:PMVT ratios of 1:1 to 1:1.8 by weight.

This blend has been characierized from its unique glass transition temperature, T,, as well &
from its formation of transparent films. Inicraction between chains in the form of weak C-H.O

hydrogen bonding has been identified from infrared spectroscopy.
Polymer blends are pot formed with PMVT and polypropylenc glycol, PPG, which has

methyl side cliains, or with polyols with hydroxy number 3 or greater. A blend is formed,
however, in a narrow regime of temperature with PMVT and glycidylazide polymer, GAP.
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This polymer blend is found to be a desensitizing energetic binder for propellants and for
plastic-bonded explosives in particular. A PBX composition containing 91 percent RDX and 9
percent PEG-PMVT polymer blend has a Drop-Weight Impact Sensiiivity Uetter than chat oX

Comp B.

27




10.

11

12.
13,

14,

15,

16.

5. REFERENCES

Dobry, A., and Boyer-Kawenoki, F., Journal of Polymer Science, 2, 90 (1947).
Olabisi, O., Robeson, L. M., and Shaw, M. T., Polymer-Polymer Miscibility, Academic

Press, New York, 1979).

Finnegan, W. G., and Henry, R. A,, Syntheses of Substituted Vinyl Tetrazoles, NWC
Report, October 20, 1959, available from NTIS, AD #314 300.

Buttler, R. N., Recent Advances in Tetrazole Chemistry.
Hassander, L. H., Polymer Testing, 5, 27-36, 1985.
Albert, B., et al, Journal of Polymer Science, Part A, 24, 537-558, 1986.

Polymer Blends and Mixtures, NATO Advanced Study Institute Proceedings, Editors: D. J.
Walsh, J. S. Higgins, A. Maconnachie, Martinus Nijhoff Publishers, Dordrecht, 1985
(in cooperation with NATO Science Affairs Division).

Silversiein, R. M., Bassler, B. C., and Morrill, T. C., Spectroscopic Identification of Organic
Compounds, John Wiley, New York, 1981,

Flory, P. J., Principles of Polymer Chemistry, Cornell Univ. Press, 1953.

Van Krevlen, D. W, and Hoftyzer, P. J., Properties of Polymers, Their Estimation and

C_Qgglan_@_w_)_ul_ghgm&ﬂ_s_t_r_um 2nd ed., Elsevier Scientific, Amsterdam, New
York, 1976.

Fox, T. G., Bulletin of American Physics Society, 2, 123, 1956.

Shur, Y. J., and Ranby, B., Joumnal of Applied Polymer Science, 19, 1,337 and 2,143, 1975.

Seymour, R. W., Estes, G. M., and Cooper, S. L., i
E_ammgs__Mmggn_B_Qm_g Macmmolecules. 3(35), 579—583 1970.

Goldobskii, G. 1., Ostrovskii, V. A., and Popavskii, V. S., Advances in the Chemistry of
Tetrazoles, Klum Getemtsxkhche Kikh Soedinenii, 10, 1299-1326, 1981. (English,
Plenuin Press, p965-988).

Adolf, H. G,, Holden, J. R, and Cichra, D. A, Bﬂmmmgm_m_m
muﬂmwwmmwwm
Determine their Performance, NSWC TR 80-495, April 1981.

Matuscak, M. L., Upham, D. L., Hildner, R. A, and Shaw, M. T, ]h;__ngmiLSM
Mmmmmmm_smmm_m_ns_&elmmmﬂm

Propellants and
Explosives, 6, 161-165, 1981.

28




17.

18.

19,

20.

21.

22

23.

24.
25.

26.
27.

28.
29.

Caveny, L. H., Mackievicz, A. Z., and Summerfield, M., Evaluation of Additives 1o Reduce
li ilitv in_Ambignt Air, BRL Contract Report #178, December
1975.

Fisco, W. J. Haberman, J.,, and Castorina, T. C,, i
Composition B, Technical Report AFLCD-TR-78067, December 1978.

Mangaraj, D., Polymeric Binder Materials for LOVA Propeliants, Baitelie Columbus
Laboratory, Final Repert to BRL, March 1985.

Rocchio, J., and Wise, S., Binder Requirerr:nts for LOVA Propellants, 18th JANNAF
Combustion Meeting, 2, p. 305, 1981.

Reed, Russel R., Naval Weapons Center, discussion on criteria of toughness at a meeting at
China Lake. Calif,, 1986.

Steele, R.,, Los Alamos National Laboratory, discussion on criteria of insensitive binders,
1986.

Dodson, B. W., An_Exploratory Study of 'ieactivity in Qrganic Com '
Shockloading, 6, 62-66 in AIP Couference Proceedings #78, "Shock Waves in

Condensed Matter,” Nellis, W.J., Seanan, L., and Graham, R. A., ed., New York,
American Institute of Physics, 1981.

Kaplan, D. S., Journal of Applied Polymer Science, 20, 2,615, 1976.

Pimmentael, G. C.,, and McClellan, A. L., The Hydrogen Bond, W. H. Freeman, San
Francisco, 1960.

Green, R. D., Hydrogen Bonding by CH Groups, John Wiley, 1974.

Zellhoefer, G. F., and Copley, M. I, Joumal of American Chemistry Society, 60, 1343,
1938,

Combelas, R., Gamigou-Lagrange, C., and Lascombe, J., Ann. Chim, 5, 315, 1970.
VanderHart, D L., Wang, I- W Eby, R K., Fancom. B. M, and DeVrles. K. L
A ' #: ; . , '

AFWAL-TR-854137, Pebmary 1986.

29




6. ABBREVIATIONS

PEG Foiyethylene giycol

PMVT Poly(2-methyl-5-vintyl teirazole)
DSC Differential scanning calorimetry
TDI Tolusne diisocyanate

IPD1 Isophorone diisocyanate

PDI-T Isocyanurate of IPDI

Mondur CB-60  Trimethalol propanc - TDI adduct

DMA Dynamic mechanical analysis

ATR Auenuated total reflectance

FTIR Fourier transform infrared

EPDM Ethylene propylene diene ter-polymer
LOVA Low vulnerability ammunition

T, Glass transition temperature

8 Chemical shift

PVC Polyviny! chloride

PVA Polyvinyl acetate

CTBN | Carboxy terminated butadiene acrylonitrile
PBAA Polybutadiene acrylic acid

PMMA Polymethyl methacrylate

THF Tetrahydrofuran

NMR Nuclear Magnetic Resonance

MAS Magic Angle Spinning

Av Frequency Shift

IR Infrared




No of
Copies

12

-

DISTRIBUTION LIST

Administrator

Defense Technical Info Center
ATTN: DTIC-DDA

Cameron Station

Alexandria, VA 22304-6145

HQDA (SARD-TR)
Washington, DC 20310-0001

Commander

US Army Materiel Command
ATTN: AMCDRA-ST

5001 Eisenhower Avenue
Alexandria, VA 22333-0001

Cosmmander

US Army Laboratory Command
ATTN: AMSLC-DL

Adelphi, MD 20783-1145

Commander

Armament RD&E Center

US Army AMCCOM

ATTN: SMCAR-MSI

Picatinny Arscnal, NJ 07806-5000

Commander

Armament RD&E Center

US Army AMCCOM

ATTN: SMCAR-TDC

Picalinny Arsenal, NJ 07806-5000

Dircctor

Benet Weapons Laboratory
Armament RD&E Center
US Army AMCCOM
ATTN: SMCAR-LCB-TL
Watervliet, NY 12189-4050

Commandcr

US Army Amament, Munitions
and Chemica! Command

ATTN: SMCAR-ESP-L

Rock Island, IL 61299.5000

Commander

US Army Aviation Systems Command
ATTN: AMSAV.DACL

4300 Goodlcllow Blvd.

St. Louis, MO 63120-1798

Dircctor

US Army Aviation Research
and Techaology Activity

Ames Rescarch Center

Moficu Ficld, CA 94035-1099

3

No of

Copies Qrganization

1

Commander

US Army Communications -
Electronics Command

ATTN: AMSEL-ED

Fort Monmouth, NJ 07703-5022

Commander

US Army Missile Command
ATTN: AMSMI-RD

Redstone Arsenal, AL 35898-5000

Commander

US Army Missile Command
ATTN: AMSMI-AS

Redstone Arsenal, AL 35898-5000

Commander

US Army Tank Automotive Command
ATTN: AMSTA.TSL

Warren, MI 48397-5000

Director

US Army TRADOC Analysis Command
ATTN: ATAA-SL

White Sands Missile Range, NM  88002-5502

Commandant

US Army Infantry School
ATTN: ATSH-CD-CSO-OR
Fort Benning, GA 31905-5660

AFWL/SUL
Kirtland AFB, NM 87117-5800

Air Force Armament Laboratory
ATTN: AFATL/DLODL
Eglin AFB, FL 32542-5000

Dir, USAMSAA
ATTN: AMXSY-D
AMXSY-MP, H. Coben
Cdr, USATECOM
ATIN: AMSTE-TO-F
Cdr, CRDEC, AMCCOM
ATTN: SMCCR-RSP-A
SMCCR-MU
SMCCR-SPS-IL




No of
Copies

1

rganization

HQDA
DAMA-ART-M
Washington, DC 20310

CIlA.

OIR/DB/Standard

GE47 HQ

Washington, D.C. 20505

Chairman

DoD Explosives Safety Board
ATTN: COL Powell

Room 856-C

Hoffman Bidg 1

2461 Eisenhower Avenue
Alexandria, VA 22331

Commander

ARDEC

ATTN: SMCAR-AEE-W (Dr. N. Slagg)
Dover, NJ  (G7806-5000

Commandcr

ARDEC

ATTN: SMCAR-AEE-W (Mike Joyce)
Dover, N} 07806-5000

Commander

ARDEC

ATTN: SMCAR-AEE (Dr. Jack Alster)
Dover, NI 07806-5000

Commandcer
ARDEC
ATTN: SMCAR-AEE-W

(Richard Graybush)

Dover, NJ  07806-5000

Commandcr

ARDEC

ATTN: SMCAR-AEE (Dr. J. Lannon)
Picatinny Arscnal, NJ  (7806-5000

Commander

US Army Armament Munitions and
Chemical Command

ATTN: AMSMC.IMP-L

Rock Island, IL  61209-7300

Commander

US AMCCCM ARDEC CCAC
Benet Weapons Laboratory
ATTN: SMCAR-CCB-TL
Watervlict, NY 12189-4050

Commander

CECOM R&D Technical Library

ATTN: AMSEL-IM-L (Reports
Scction) Bldg 2700

Fort Monmouth, NJ  07703-5000

n

No of

1

Commander

MICOM Research, Development and
Engineering Center

ATTN: AMSMI-RD

Redstone Arscnal, AL 35898

Director

Missile and Space Intelligence Center
ATTN: AIAMS-YDL

Redstone Arsenal, AL 35898-5500

Director

US Army Missile Command

ATTN: AMSME-RK, Dr. R, G. Rhoades
Redstone Arsenal, AL 35898

Director

US Army TRADOC Analysis Center
ATTN: ATOR-TSL

White Sands Missile Range

NM 88002-5502

Commander

US Amy Development & Employment
Agency

ATTN: MODE-ORQ

Fort Lewis, WA 98433-5000

Commandant

USAFAS

ATTN: ATSF-TSM-CN
Fart Sill, OK 73503-5600

Commander

US Army Research Office

ATTN: Chemistry Division

P.O. Box 12211

Research Triangle Park, NC 27709-2211

Office of Nava! Research

ATTN: Dr. A. Faulstick, Cods 23
800 N. Quincy Sueat

Arlinglon, VA 22217

Commander
Naval Sca Systems Command
ATTN: Dr. R. Bowen

SEA 06l
Washingion, DC 20362

Commander
Naval Explosive Ordnrace

Disposal Technology Center
ATTN: Technical Litvary, Code 604
Indian Head, MD 20640

Commander

Naval Reszarch Lab
ATTN: Code 6100
Washington, DC 20375




No of
Copies

1

Organization

Commander

Naval Surface Weapons Center
ATTN: Code G13

Dahlgren, VA 22448-5000

Commander

Naval Surface Weapons Center
ATTN: Mr. L. Roslund, R10C
Silver Spring, MD 20902-5000

Commander

Naval Surface Weapons Center
ATTN: Mr. M. Stosz, R10B
Silver Spring, MD 20902-5000

Commander

Naval Surface Weapons Center
ATTN: Code X211, Lib

Silver Spnng, MD  20902-5000

Commander

Naval Surface Weapons Center
ATTN: R. R. Bemecker, R13

Silver Spring, MD  209:2.5000

Commander

Naval Surlace Weapons Cenler
ATTN: J. W. Forbes, R13
Silver Spring, MD  20902-5000

Commander

Naval Surface Weapons Center
ATTN: S0 ). Jacubs, R10
Silver Spring, MD  20902-5000

Commander

Naval Surface Weapons Center
ATTN: 1. Short, R12

Silver Spring, MD  20902-50C0

Commander

Naval Swrface Wegpons Center
ATTN: Cuarl Gozmer

Silver Spang, MD  20902-5000

Commander

Naval Weapons Center

ATTN: Dr L. Smith, Code 326
China Lake, CA 93555

Commander

Naval Weapons Center

ATTN: Dr. R. Atking, Code 385
China Lake, CA 93555

No of
Copies
1

Organization

Commander

Naval Weapons Center

ATTN: Dr. R. Reed, Ir., Code 388
China Lake, CA 93555

Commander

Naval Weapons Center

ATTN: Dr. K. J. Graham, Code 3891
China Lake, CA 93555

Commander

Naval Weapons Center
ATTN: Dr, R, Cramer
China Lake, CA 93555

Commander

Naval Weapons Center
ATTN: Dr. G. Lindsay
China Lake, TA 93555

Commandcr

Naval Weapons Station

NEDED

ATTN: Dr. Louis Rothstein, Code S0
Yorkiown, VA 23691

Commander

Fleet Manue Force, Atlantic
ATTN: G4 (NSAP)
Norfolk, VA 23511

Commander

Air Force Rocket Propulsion Laboratory
ATTN: Mr R, Geisler Code AFRPL MKPA
Edwards AFB, CA 93523

AFWL/SUL
Kinland AFB, NM 87117

Air Force Armament Laboratory
ATTN: AFATL/Gary Parsons
Eglin AFB, FL 32542-5000

Air Force Armament Laboratory
ATTN: AFATL/Thomas Foyd
Eglin AFB, FL.  32542.5000

Commander

Ballistic Missile Defense
Advanced Technology Center

ATTN: Dr. David C. Sayles

PO, Box 1500

Yuntsvitle, AL 35807

Director

Lawrence Livermuxe Nalional Laboratories
University of California

ATTN: Dr. M. Finger

P.O. Box 308

Livermore, CA 94350




No of
Copics

1

Qrganization
Director

Lawrence Livesmore National Labaritorics
University of Calirornia

ATTN: Kenneth Scribner

P.G. Box 808

Livermore, CA 94550

Director

Lawrence Livermore National Laboratories
University of California

ATTN: Lee Frahm

P.O. Box 808

Livermore, CA 94550

Dircctor

Los Alamos National Lab
ATTN: Mr, J. Ramsey
P.O. Box 1663

Los Alamos, NM 87545

Director

Los Alamos National Lab
ATTN: Mary Sunccipher
P.O. Box 1663

Los Alamos, NM 87545

Direclor

Sandia Nauonal Laboratorics
ATTN: Dr. E. Michell, Supervisor
Division 2513

P.O. Box 5800

Albuquerque, N 87185

Irving B. Akst
IDOS Corporation
P.O. Box 285
Painpa, TX  7906$

Director

Sandia Nauonal Lab

ATTN: Dr. Robent Carling
Livermore, CA  94557-0056

Commander

Naval Weapons Centor

ATTN: D May Chan, Code 3591
China Lake, CA 93553

Commandant
USAOMMCS
ATTN: ATSK-CME
{Mr. Steven 1. Herman)
Redstone Arsenal, AL 35897-6500

Commander

Naval Surface Weapous Cenler
ATTN: Dr. Kunt Mucller, Code R-10
Silver Spang, MD  20902-5000

Ne of
Copics
1

nizatio:

Director

Lawrence iivermore National Lubs
Universily of California

ATTN: Dr. Raymond McGuire
P.O. Bex 808

Livermore, CA 94550

Air Force Amament Laboruicry
ATTN: Dr. Michael Patrick
Eglin AFB, FL 32542-5000

Director

Los Alame: National Lah
ATTN: Dr. Howard Cady
P.O. Box }#£3

Los Alamios, NM 87545

Commander

Belvoir RD&E Center

ATTN: STRBE-N (Dr. David Heberlein)
STRBE-NA (Dr. Herman Spitzer)
STRBE-NAN (Ms. Pamela Jacobs)

Fort Belvoir, VA 22060-5606




