
AD-A276 595

ARMY RESEARCH LABORATORY •

Condensed-Phase Processes During
Solid Propellant Combustion

HI: Preliminary Depth-Profiling Studies
on XM39, JA2, M9, M30, and HMX2

Michael A. Schroeder
Robert A. Fifer
Martin S. Miller

Rose A. Pesce-Rodriguez . , o ,
Claire J. Selawski

Gurbax Singh -

ARL-TR-346 January 1994

"APMOVWED OR PUIMBC RELUASE DI•IRIU=lON IS UNMITED.

94 3 0.'O• 94-06794



NOTICES

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 Commerce, 5285 Port Royal Road, 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 constitute
indorsement of any commercial product.



Fo'm 4DDFOOOEd

REPORT DOCUMENTATION PAGE NM Oc o C 0188

1. AGENCY USE ONLY (Leave blank) 12. REPORT DATE 3 REPORT TYPE AND DATES COVEREDI January 1994 Final, Nov 90.-Oct 91

4. TITLE AND SUBTITLE S. FUNDING NUMBERS

Condensed-Phase Processes During Solid Propellant Combustion I11: Preliminary
Depth-Profiling Studies on XM39. JA2, M9, M30, and HMX2 PR: IL161102AH43

*6. AUTHOR(S)

Michael A. Schroeder, Robert A. Fifer, Martin S. Miller,
Rose A. Pesce-Rodriguez, Claim J. Selawski, and Gurbax Singh

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

U.S. Army Research Laboratory
ATTN: AMSRL-WT-PC
Aberdeen Proving Ground, MD 21005-5066

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/ MONITORING
AGENCY REPORT NUMBER

U.S. Army Research Laboratory
ATTN: AMSRL-OP-CI-BC (Tech Lib) ARL-TR-346
Aberdeen Proving Ground, MD 21005-5066

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

This report describes preliminary depth-profiling studies on the chemical changes in the burned layers of propellant
samples that have been burned in air, then quenched by dropping them into water. The changes studied described here are
mainly those observable by infrared spectroscopy using an infrared microscope. Depth-profiling is obtained either by
examining the cross section of a burned propellant sample or by abrasive blasting small amounts of material from the
burned surface and examining the remaining surface in the infrared microscope. The propellants and compositions studied
include XM39, JA2, M9, M30, and HMX2. For the nitramine-binder compositions XM39 and HMX2, the surface layers
seem to consist of a layer of molten oxidizer (RDX or HMX) tens to hundreds of micrometers thick, overlaid by a 10- or
20-pm-thick layer of binder and/or its decomposition products. In the case of the nitrate ester compositions JA2 and M9,
the chemical changes observable by infrared spectroscopy seem to be very near the surface, within approximately 10 pm.
This is in agreement with our scanning electron microscope observations and with results in the literature.

14. SUBJECT TERMS 15. NUMBER OF PAGES

27

infrared speciroscopy, nitramines 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR
NSN 7540-01-280-5500 Staroard ;orm 298 (Rev 2-89)

295 132



INTENTIONALLY LEFT' BLANK.



TABLE OF CONTENTS

Page

LIST OF FIGURES .............................................. v

1. INTRODUCTION ............................................... 1

2. EXPERIM ENTAL ............................................... 3

3. RESULTS ..................................................... 5

4. DISCUSSION .................................................. 6

4.1 Cross-Section Examination ....................................... 6
4.1.1 JA 2 .................................................... 6
4.1.2 H M X 2 ................................................. 6
4.1.3 Form ulation X ............................................ 7
4.2 Abraded-Surface Examination .................................... 7
4.2.1 X M 39 .................................................. 7
4.2.2 JA 2 .................................................... 8
4.2.3 M 9 .................................................... 8
4.2.4 M 30 ................................................... 8

5. CONCLUSIONS ................................................ 9

5.1 Nitramine-Binder Compositions ................................... 9
5.2 Nitrate Ester Compositions ....................................... 9
5.3 M 30 ...................................................... 9

6. FUTURE PLANS ................................................ 10

7. REFERENCES .................................................. 17

DISTRIBUTION LIST ............................................ 19
Acccwcioi For

[NTIS C, , [

Le s

SAvail af djor
Dist Sp.cial

iii



INTENTIONALLY LEFT BLANK.

iv



LIST OF FIGURES

Figure Pg

1. Apparatus used for abrasive blasting of extinguished samples ................. 11

2. FTIR microscope spectra of JA2 propellant .............................. 11

3. FTIR microscope spectra of HMX-PEGA composition (HMX2) ............... 12

4. TM microscope spectra of Formulation X .............................. 12

5. FTMR microscope spectrum of burned/quenched surface of XM39 propellant ....... 13

6. FTIR microscope spectrum of virgin unburned XM39 propellant .............. 13

7. FMIR microscope spectra of XM39 propellant surfaces ...................... 14

8. FTIR microscope spectra of JA2 propellant surfaces ........................ 14

9. FMTR microscope spectra of M9 propellant surfaces ........................ 15

10. FTIR microscope spectra of virgin M9 propellant .......................... 15

11. FTIR microscope spectra of M30 propellant surfaces ....................... 16

V



INTENTONALLY LEFr BLANK.



1. INTRODUCTION

This is a progress report on work aimed at understanding the nature and importance of

condensed-phase reactions in the combustion of solid nitramine and other gun propellants. Information

on the nature and importance of condensed-phase reactions is needed as input for modeling studies. This

information could also be very important in understanding the relationship of chemical structure and of

physical properties such as melting point, phase transition temperatures, etc., to explosive and propellant

behavior.

Our initial work has been described previously (Schroeder et al. 1990, 1992). Burning propellant

samples were quenched, and the burned surfaces were examined microscopically and by chemical analysis.

Studies were carried out on a series of propellants including XM39, M30, JA2, RDX, and on the

HMX/binder composition HMX2. Preliminary results on XM39 are consistent with the idea that, at least

at low pressures, there is a liquid layer approximately 100-300 pm thick present during the combustion

of nitramine propellants; scanning electron microscope (SEM) examination revealed little if any evidence

of degradation below this layer. Gas chromatography mass spectrometry (GCMS) results suggest that the

stabilizer/plasticizer ratio is reduced considerably in the surface layers presumably either by reaction of

stabilizer with nitrogen oxides formed by decomposition of RDX and nitrocellulose (NC) or by

accumulation of plasticizer at the surface. High performance liquid chromatography (HPLC) results

suggest that there is a significant increase in concentration of the mechanistically significant nitrosoamines

MRDX and DRDX over the very small amounts possibly present as impurities in RDX. These results are

consistent with the idea that RDX decomposition under propellant combustion conditions involves

primarily (1) vaporization followed by gas-phase decomposition and/or (2) decomposition in the liquid

phase to products that are almost entirely gaseous. Fourier transform infrared photoacoustic spectrometry

(FrIR-PAS) examination of the burned surfaces also provided evidence for condensed-phase reaction in

the compositions studied. Results of SEM examination of the burned surfaces of quenched samples of

HMX2, HMX/PU, RDX, M30, and JA2 were also presented.

In the course of this work, samples have been obtained in two ways: (1) The propellant grains are

ignited with a flame in air at ambient pressure and burning is interrupted by dropping the burning grain

into a beaker of water (Schroeder et al. 1990); and (2) the propellants are burned in a low-pressure strand

burner at different pressures (Schroeder et al. 1992); the sample is mounted on a massive copper block

and burning is interrupted by conduction of heat away from the burning surface as the burning surface
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approaches the copper block, as described by Novikov and Ryzantsev (1970). Previous reports (Schroeder

et al. 1990, 1992) described preliminary results on a series of burned samples including XM39, M30, JA2,

and RDX, on HMX-polyester "HMX2), and on HMX/PU compositions. In the future, we plan to

investigate quenching by rapid depressurization caused by the breaking of a rupture disk in the strand

burner, the various quenching methods will then be compared.

In the previous work, the samples were cleaved parallel to the grain axis and the cleaved surfaces were

examined with an SEM. In addition, the surface layers were removed from the extinguished propellant

grains by scraping with a small, sharp knife. The resulting scrapings were analyzed by spectroscopic

methods such as FTIR-PAS, nuclear magnetic resonance (NMR), GCMS, and HPLC.

In this report, we describe our preliminary attempts at obtaining information on depth profiling (i.e.,

obtaining information on the variation with depth within the surface layers) to identify chemical changes

caused by combustion. To date, results have been obtained by burning the samples in air and quenching

by dropping them into water. The samples are then either (1) split as described above, after which the

infrared spectra of portions of the cross section are obtained on an infrared (IR) microscope (cross-section

examination); or (2) the IR microscope spectra are obtained on the top burned and abraded surface of the

sample (abraded-surface examination).

The literature contains a number of papers describing microscopic examination of burned surfaces of

propellant grains of HMX and compositions derived therefrom; these are listed in Schroeder et al. (1992).

Wilmot et al. (1981) and Sharma et al. (1991) describe the chemical analysis of the burned surface of

nitrate ester propellants. However, as far as we are aware, chemical analysis of burned surfaces has not

been applied to nitramines or nitramine propellants, although in one study (Zimmer-Galler 1968), the

surface layers of a quenched RDX-polyester composition w,.re extracted with benzene and acetone, and

the presence or absence of a residue under various conditions was noted. It was suggested that variations

with particle size in the appearance (no spectra were reported) of material extracted with benzene and with

acetone from the extinguished surface indicated an increase in surface temperature with decreasing particle

size. Also, nitrosoamines have been detected in drop-weight impacted RDX (Hoffsomer, Glover, and

Elban 1985).
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2. EXPERIMENTAL

Table I shows the compositions of the various propellants studied. Samples were ignited with a

candle, burned in air, and quenched by dropping into water as described previously (Schroeder et al. 1990,

1992). Cross sectioning was carried out as described in Schroeder et al. (1990, 1992). Formulation X

was a propellant with the indicated composition; the structure of the plasticizer is proprietary. XM39, M9,

JA2, and M30 propellants were from a series of standard propellants made up at the former U.S. Army

Ballistic Research Laboratory (BRL) (now the Army Research Laboratory) for use in research studies. The

lot numbers were as follows: XM39, IH-XM39-0988-IOOAI; M9,

RAD-PE-792-77; JA2, RAD-PDI-002-1F; and M30, RAD-PE-792-82. HMX2 had the composition

indicated in Table 1; it was prepared by a contractor for Dr. John Vanderhoff of BRL, to whom we ar

grateful for providing a generous sample.

Abrasive blasting was carried out ,Jsing an abrasive blaster manufactured by S. S. White Dental Mfg.

Company and referred to in the literature accompanying it as "Industrial Airbrasive Unit, Model C." The

sample was mounted (Figure 1) with its burned surface uppermost on a platform rotated by a small electric

motor, the rotation of the sample in the stream of abrasive provided more even and reproducible abrasion,

at least with regard to angular variations in the intensity of the abrasive stream. The propellant sample

was centered under the nozzle of the abrasive blaster. It was possible to vary the nozzle-to-sample

distance and the flow of abrasive so that the amount of sample removed by each blasting is in the range

of 5-20 pm. The depth of material removed was estimated from the weight change and the density and

diameter of the unburned propellant, as given by the appropriate propellant description sheets. The

abrasive was propelled by Matheson ultra-high-purity nitrogen. After abrasive-blasting, a stream of the

same nitrogen was used to remove any leftover abrasive from the abraded surface. Note the possibility

of error due to (a) the weight of any still-unremoved abrasive; and (b) radial or temporal variations in the

intensity of the abrasive stream. Note also that the burned layers are often overlain by a layer of lower

density foam, with the result that it is difficult to speak precisely about depths removed.

Microreflectance Fourier transform infrared (FTIR) spectra were obtained with 8 cm-1 resolution and

1024 scans, using a Spectra-Tech IR-Plan infrared microscope, operating in reflectance mode and

interfaced to a Mattson Polaris FTIR Spectrometer operated through a PC running Mattson FIRST

software. Where necessary, the Kramers-Kronig transformation was used to remove spectral distortions.
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Table 1. Compositions of Propellant Formulations Studied

Approximate
Oxidizer Percentage

Propellant Particle Size Composition of Total
(pm) (%)

XM39 20 RDX 76.0
Cellulose Acetate Butyrate 12.0
Acetyl Triethyl Citrate 7.6
Nitrocellulose (NC) (12.6% N) 4.0
Ethyl Centralite (EC) 0.4

HMX2 100 HMX 80.0
Polyester (PE) 20.0

M30 >50 long Nitroguanidine (NQ) 47.7
1-5 wide Nitrocellulose (NC) (12.68% N) 28.0

Nitroglycerine (NG) 22.5
Ethyl Centralite (EC) 1.5
Cryolite 0.3

JA2 N/A Nitrocellulose (NC) (13.04% N) 59.5
Nitroglycerine (NG) 14.9
Diethylene Glycol Dinitrate 24.8
Ethyl Centralite (EC) 0.7
Magnesium Oxide 0.05
Graphite 0.05

M9 N/A Nitrocellulose (NC) 57.75
Nitroglycerine (NG) 40.00
Ethyl Centralite (EC) 0.75
Potassium Nitrate 1.50

Formulation X <20 RDX

Cellulose Acetate Butyrate
Nitrocellulose (NC)
Proprietary Plasticizer

Spectra were obtained on either the top of the burned surface or on the cross sections of the split pieces.

The area examined (spot size) (specified in the captions to the figures) was 20 by 140 pm, 40 by 140 pm

or 40 by 40 pm.
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3. RESULTS

Results obtained to date are summarized in Figures 2-11 and in Table 2. Figures 2-4 show IR

microscope reflectance spectra as a function of depth for cleaved samples of the indicated propellant and

compositions. Figures 5-11 show IR microscope reflectance spectra of unburned propellant surfaces for

burned/quenched surfaces before and after abrasive blasting.

Table 2. Summary of Conclusions for Compositions Studied

Propellant Melt Thickness (jpm) General Conclusions (This Study)

XM39 100-300a Abraded-Surface Examination: Molten
CAB/decomposition products in top 10-20 pm;
remainder is mostly molten RDX.

HMX2 25-10 Cross-Section Examination: Polyester/
decomposition product decreases with increasing
distance from surface, most change is in the top
40 pm.

M30 5-10a Abraded-Surface Examination: Top of surface
depleted in nitroguanidine; top 10 pm or so shows
signs of nitrocellulose decomposition; depth of
nitroguandine depletion is uncertain.

JA2 < 5a Cross-Section Examination: Chemical changes go
no lower than the top 40 pm of the subsurface
region.
Abraded-Surface Examination: Chemical changes
go no lower than the top 11 ±9 pm of the
subsurface region.

M9 Probably similar to JA2 Abraded-Surface Examination: Chemical
changes less noticeable than for JA2, and go no
lower than the top 9 pm of the subsurface region.

Formulation X 80 Cross-Section Examination: Surface shows far
more binder and plasticizer than does unburned

propellant; most binder and plasticizer confined to
the top 20 pm (-25%) of melt layer. Relative
amounts of plasticizer and binder ame similar at
surface and in the virgin material.

a Source: Schroeder et al. 1990, 1992.
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Column 2 of Table I shows the particle sizes of the oxidizers of the propellants under study; this

information was obtained by SEM examination of the propellant in question, either in the course of the

work described in this report, or in previous reports (Schroeder et al. 1990, 1992). This information is

furnished so that, in combination with the area examined (see Section 2), the reliability of the IR

microscope spectra as average representations of the samples can be evaluated.

4. DISCUSSION

In this section, conclusions are drawn about the individual samples and conditions examined from the

actual experimental data obtained.

4.1 Cross-Section Examination

4.1.1 JA2. Figure 2 shows IR microscope spectra of a bumed/quenched sample of JA2 propellant.

Note the presence of a small peak at about 1,730 cm-1 in the spectrum of the extinguished surface and

the increased intensity, relative to the rest of the spectrum, of the C-O-C stretching bands in the 1,000 to

1,200 cm- 1 region of the spectrum of the burned surface (spectrum(a)). These changes are barely, if at

all, discernible in the spectrum of the region 0-40 pm below the surface (spectrum(b)) and are totally

absent from the spectrum(c) of the region 40-80 pm below the surface CF (spectrum(d)). This suggests

that these chemical changes are confined to the region 40 pm below the surface and, quite possibly, to the

top few micrometers of that region.

4.1.2 HMX2. Figure 3 shows similar IR microscope spectra of a bumed/quenched sample of HMX2

composition. The quenched surface shows an intense carbonyl peak (1,730-1,750 cm-1 ) and aliphatic CH

stretch peaks (2,800-3,000 cm-1) assignable to the polyester binder. As the distance below the surface

increases to 0-40 pm and then to 40-80 pm, the relative intensities of these peaks decrease and the

relative intensities of the HMX peaks begins to increase. The melt layer of this sample was about

80-100 pm thick; this is in agreement with a previous report which described SEM examinations

indicating a melt-layer thickness of 25-100 pm for HMX2 under these conditions. These results are

consistent with the idea that the concentration of binder in the melt layer is greatest near the surface and

decreases with increasing distance from the surface, with most of the changes in the first 40 pm below

the surface.
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4.1.3 Formulation X. Figure 4 shows similar IR microscope spectra of a partially burned sample of

Formulation X. The quenched surface shows increased absorption at about 1,750 cm- 1 , due to the

carbonyl group of the cellulose acetate butyrate (CAB) or its decomposition products, as well as a greatly

increased absorption at about 2,100 cm t , possibly due to undecomposed sp-hybridized functional

groupings in the plasticizer or binder. In the region within approximately 20 pm of the surface, the

1,750-cn-1 and 2,100-cm-1 absorptions may decrease somewhat but remain quite strong. By the time

the region 20-40 pm below the surface is reached, however, these absorptions have decreased greatly,

almost to the levels present in virgin bulk material. Since SEM examination of the split samples shows

a melt layer approximately 80 pm thick, these results are also consistent with the idea that the

concentration of binder/plasticizer, etc., in the melt layer is greatest near the surface and drops off with

increasing distance from the surface. Nearly all of the binder/plasticizer and decomposition products are

in the upper 20 prm, the remainder of the melt layer being primarily RDX.

4.2 Abraded-Surface Examination

4.2.1 XM39. Figure 5 shows an IR microscope spectrum of the quenched surface of a burned,

extinguished grain of XM39. Figure 6 shows an IR microscope spectrum of virgin XM39 propellant. The

spectrum of the quenched surface (Figure 5) is very similar, with the exception of the RDX band at

1,574 cm-1, to that of the CAB binder used in XM39 (spectrun not shown). Earlier FTIR-PAS spectra

(Schroeder et al. 1990) of quenched and virgin samples of XM39 show the burned sample as looking

basically like a CAB-enriched sample of XM39. This discrepancy can be explained if, as expected, the

FMIR microscope reflectance spectra are representative of the surface while the FTIR-PAS (Schroeder

et al. 1990, 1992) spectra are average spectra representative of the material not only on the surface but

for some distance into the sample. Thus, the IR microscope spectra have contributed insight: the

enrichment in CAB noted previously (Schroeder et al. 1990) appears to be mainly on the surface of the

sample and probably does not extend very far down into the sample.

This is confirmed by the spectra shown in Figure 7. This figure shows FTIR microscope spectra of

quenched and virgin surfaces of XM39 and of the quenched sample after removal of portions of the

surface material. Even after removal of only 17 pm (estimated) by a single abrasive blasting, the spectrum

resembles the virgin material much more than the quenched, unabraded sample. Our previous report

(Schroeder et al. 1990) included SEM photographs which indicated a melt layer approximately

100-300 pm thick for samples burned/quenched under the conditions used here. Thus, it appears that only
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the very top part of the quenched layer was CAB and its decomposition products. The remainder appears

to be mostly RDX; this is consistent with its apparent crystalline nature (Schroder et al. 1990, 1992) and

with the low melting point (2040 C) of RDX.

4.2.2 JA2. Figure 8 shows MTIR microscope spectra of quenched and virgin samples of JA2

propellant and of the quenched sample after removal of portions of the surface material. The quenched

sample shows a carbonyl band approximately 1,730 cm-1 and an increase in the C-O-C bands at

1,000-1,200 cm-1 relative to the NO2 bands at -1,650 and 1,280 cm-1. After removal of an estimated

2 pm by a single abrasive blasting, the 1,730 cm- 1 > C = 0 peak is still present, but after 19 pmn

(estimated) have been removed, the spectrum resembles the virgin material, except for bands at about

1,500-1,550 cm- 1 and 880 cm-I. These bands may be due to the abrasive since they increase with the

number of blastings for both JA2 and the similar composition M9. (See Section 4.2.3).

4.2.3 M9. Figure 9 shows FTIR microscope spectra of quenched and virgin samples of M9 propellant

and of the quenched sample after removal of portions of the surface material. The behavior here is similar

to that for JA2, except that the differences due to the burning seem to be smaller. Note also the peaks

at 1,530 cm-' and 890 cm-; these peaks do not match the spectrum of the abrasive. However, they

appear to be associated with the abrasive-blasting process since they become more intense with each

successive abrasive-blasting, even on unburned samples (Figure 10).

4.2.4 M30. Figure 11 shows FTIR microscope spectra of quenched and virgin samples of M30

propellant and of the quenched sample after removal of portions of the surface material. As expected, the

spectrum of the virgin material appears to be the sum of the individual spectra for NC and NQ. The

spectrum of the quenched surface shows a reduction in the amount of NQ, as well as what appears to be

a very small amount of carbonyl absorption in the 1,730-cm-1 region; this last apparently results from NC

decomposition as described previously for M9 and JA2. The small carbonyl absorption is gone after only

one blasting, with removal of an estimated 2 pm. However, even after removal of approximately 106 pm

in six blastings, the spectrum still is not the same as that of virgin material; the NQ peak at 1,412 cm-1

still appears weaker than in the virgin material, and the peaks at 1,667 cm-1 (NC, NQ) and 1,640 cm- 1

(NQ), and at 1,285 cm-1 (NC) and 1,330 cm-1 (NO) do not appear to be split as strongly as in the virgin

material. This seems surprising, since in previous work (Schroeder et al. 1992) the melt layer for M30
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under these conditions appeared to be quite thin (5-10 pm). This is discussed further in Section 5. See

Section 4.2.3 for a discussion of the peaks at 1,530 cm- 1 and at 890 cm-.

5. CONCLUSIONS

In Section 4, the experimental observations were translated into information on the individual

propellants obtained by the two methods that have been employed (cross-section examination and

quenched/abraded-surface examination). These observations are summarized in Table 2. In this section,

an attempt will be made to generalize for the various propellants and types of propellants studied.

5.1 Nitamine-Binder Com sitions. For most of the nitramine-binder compositions (XM39, HMX2,

and Formulation X) studied here, and possibly for nitramine-binder compositions generally, the surface

layers seem to consist of a layer of molten oxidizer (RDX or HMX) tens to hundreds of micrometers

thick, overlaid by a much thinner, 10- to 20-pm-thick layer of binder and/or its decomposition products.

This conclusion stands out most clearly for XM39 (Figures 5-7, Table 2) and for Formulation X (Figure 4,

Table 2). Since HMX2 and Formulation X were studied by the method of cross-section examination and

XM39 was studied by the method of abraded-surface examination, it can be said that these two methods

have produced results in qualitative agreement with each other.

5.2 Nitrate Ester Comnositions. In the case of the nitrate ester compositions, JA2 (Figures 2 and 8,

Table 2) and M9 (Figure 9, Table 2), the chemical changes observable by IR spectroscopy seem to be very

near the surface, within 10 pmn or so. This is in agreement with our earlier SEM observations (Schroeder

et al. 1992) and with previous studies (Sharma et al. 1991) on a closely related formulation. In the case

of JA2, the method of abraded-surface examination indicated that the changes due to bur•ing occur within

approximately 10 pm of the surface, while the method of cross-section examination indicated that the

changes due to burning occur within approximately 40 pm of the burning surface. Since the resolution

of the cross-section examination method as applied to this sample was 40 pm, it does not seem

unreasonable to say that the two methods agree, although the resolution of the cross-section examination

method was less precise in this particular case.

5.3 MM0. The triple-base, NQ-containing propellant, M30 (Figure 10, Table 2), also contains NC and

NG. The unabraded surface of the burned sample is noticeably depleted in NQ, and, in addition, has

gained a weak absorption in the 1,730-cm-1 region, apparently due to NC decomposition. The 1,730-cm-1
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peak disappears upon removal of approximately 2 prm; but the NQ has not regained its original intensity

even after removal of -106 prm of material. This seems surprising, since in our previous work (Schroeder

et al. 1992), the melt layer for M30 under these conditions appeared to be quite thin (5-10 pro). Possibly,

the NQ decomposes to a greater depth than the other ingredients; this might have something to do with

the fact that the NQ in M30 is in the form of long crystals oriented perpendicular to the burned surface.

Another possibility might be that some of the NQ softens before melting, changing its spectral intensities.

6. FUTURE PLANS

Runs will be carried out in a strand burner with depressurization quenching, and the results will be

compared with those from the two conductive-quenching methods used to date.

Also, optical examination of the quenched surfaces will be carried out, particularly in view of the

possibility that studies of color changes and variations may yield information on the occurrence (or lack

thereof) of chemical changes in the solid below the liquid layer.

Additional ways of obtaining improved depth profiling of the burned layers are also being explored;

these include microabrasive blasting, microtoming, solvent-dipping, and improved scraping procedures.

Depth profiling will be applied to the nitrosoamine-formation and stabilizer-depletion results reported

previously (Schroeder et al. 1990, 1992). Additional binders, oxidizers, and compositions will be studied.

Other propellant formulations will also be examined.

Isotope-scrambling studies on burning (rather than merely decomposing) samples are needed. These

would involve use of unlabeled RDX or HMX with RDX or HMX labeled with nitrogen-15 in all

nitrogens, both in the ring and in the nitro groups. Use of these mixtures would lead to scrambled

nitrosoamines if the recombination mechanism were operating, and to unscrambled nitrosamines if the

oxygen-abstraction mechanism were operating (Schroeder et al. 1990). Partial scrambling would mean

that both mechanisms were operating to some degree. Note, however, that while formation of fully

scrambled nitrosoamines would provide no evidence for oxygen abstraction, it would not necessarily rule

it out, since the scrambling could have taken place by further N-N cleavage equilibria before or after

formation of the nitrosoamines.
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Figure 1. Apparatus used for abrasive blasting of extinguished sam Dies.
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Figure 2. FTTR microscove specctra of JA2 prop~ellant (area sampled 40 x 140 urn): (a) extinguished
surface: (b) 0-40 mrn bclow bumcd/ciucnchcd surface; (c) 40-80 urn below burned/oluenched
surface: (d) virgin. unburned bulk material.
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Figure 3. FTIR microscope spectra of HMX-PEOA composition (HMX2) (area sampled
40 x 140 urn): (a) extinmiqished surface; (b) 0-40 urn below bumed/ouenctied surface;
(c) 40-80 urn below bumedlauenched surface; (d) virgin. unburned bulk material.
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Figure 4. MTR microscope spectra of Formulation X (area sambled 20 x 140 urn):
(a) extinguished surface: (b) 0-20 umn below bumedluuenched surface: (c) 20-40 urn
below burned/cmenched surface:, (d) virgin. unburned bulk material.
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Figure 5. FTIR microscope spectrum of bumed/quenched surface of XM39 proellant (area sampled
40 x 40 umn).
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Figure 6. FTIR microscope spectrum of virgin, unburned XM39 propellant (area sarnpled
40 x 40 tun).
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Figure 7. FOIR microscove sipectra of XM39 propellant surfaces (area sampled 40 x 40 Urn):
(a) virgin, (b) virgin, blasted once with abrasive; (c) burned/quenched, 367 umn removed:,
(d) burned/quenched, 17 urn removed: (e) burned/auenched. unbiasted.
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2000 1800 1600 140O 1200 1000 B00
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Figure 8. FrIR microscope spectra of JA2 propellant surfaces (area sampoled 40 x 40 umn): (a) Virgin:
(b) bumned/puenched, 19 urn removed: (c) burned/quenched. 2 urn removed, (d) burnd
quenched. unbiasted.
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Figure 9. FTIR microscope spectra of M9 propellant surfaces (area sampled 40 x 40 urn): (a) virgn;
(b) bumed/quenchcd. 9 um removed: (C) burned/quenched. 7 um removed; (d) burned/
quenched, unblasted.

(a)

0

C (b)
I(C

at

2000 1800 1600 1400 1200 1000 800

waven umber.

Figure 10. FTIR microscope spectra (area sampled, 40 x 40 urm) of: (a) virgin M9 propellant:
(b) vir-Rin M9 rpmellant sandblastcd oncc; (c) abrasive used for sandblastinR.
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Figure 11. FTIR microscope spectra of M30 propellant surfaces (area sampled 40 x 40 Urn):
(a) virgin; (b) burned/quenched, 106 ym removed; (c) burned/quenched, 2 urn Temoved:
(d) burned/quenched, unblasted.
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