OTiC FILE COPY - - @

AD

, AD-E402 2089
]

Contractor Report ARAED-CR-90011

0
®
DEVELOPMENT OF AQUEOUS AND NONAQUEOUS
g TITRIMETRIC METHODS FOR LIQUID PROPELLANTS
N
h
Q J.P. Griff
G. Doyle
<

Geo-Centers Inc.
762 Route 15 South
Lake Hopatcong, NJ 07849

’ E. Turngren
D T l C W.O. Seals

ELECTE ™ Project Engineers
SEPO 61990 B ARDEC
August 1990

U.S. ARMY ARMAMENT RESEARCH, DEVELOPMENT AND
- ENGINEERING CENTER

Armament Engineering Directorate
Picatinny Arsenal, New Jersey

Approved for public release; distribution is unlimited.




The views, opinions, and/or findings contained in
this report are those of the author(s) and should
not be construed as an official Department of the
Army position, policy, or decision, unless so
designated by other documentation.

The citation in this report of the names of
commercial firms or commercially available
products or services does not constitute official
endorsement by or approval of the U.S.
Government.

Destroy this report when no longer needed by any
method that will prevent disclosure of contents or
reconstruction of the document. Do not return to
the originator.




LINGI ASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
NCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTAIBUTION/AVAILABILITY OF REPORT

Approved for public release; distribution is unlimited

2b. DECLASSIFICATION/DOWNGRADING SCHEDULE

4. PERFORMING ORGANIZATION REPORT NUMBER 5. MONITORING ORGANIZATION REPORT NUMBER
Contractor Report ARAED-CR-9001 1
6a. NAME OF PERFORMING ORGANIZATION [sb. OFFICE SYMBOL 7o. NAME OF MONITORING ORGANIZATION
Geo-Centers ARDEC, AED
6c. ADDRESS (CITY, STATE, AND ZIP CODE) 7b. ADDRESS (CITY, STATE, AND ZIP CODE)
762 Route15 South Energetics and Warheads Division (SMCAR-AEE)
Lake Hopatcong, NJ Picatinny Arsenai, NJ 070806-5000
8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBLCR
ORGANIZATION ARDEC, iIMD
STINFO Br SMCAR-IMI- DAAA 21-88-D-0021
3 =OF FUNDING NUMBER
8c. ADDRESS (CITY, STATE, AND ZIP CODE) 10. SOURCE O AL S
. PROGRAM . |TAsKNO.  |woRK UNIT
Picatinny Arsenal, New Jersey 070806-5000 ELEMENT NO. ACCESSION NO.

11. TITLE (INCLUDE SECURITY CLASSIFICATION)
Development of Aqueous and Nonaqueous Titrimetric Methods for Liquid Propeltants

12. PERSONAL AUTHOR(S)
J.P. Griff and G. Doyle, Geo-Centers Inc., E. Turngren and W.O. Seals, ARDEC Project Engineers

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (YEAR, MONTH, DAY)|15. PAGE COUNT
FROM 10
Progress August, 1990 34

16. SUPPLEMENTARY NOTATION

17. COSATI CODES ; 187 SUBJECT TERMS (BONFINUE ON REVERSE IF NECESSARY AND IDENTIFY BY BLOCK NUMBER)
FIELD GROUP_| SUB-GROUP | Aqueous .  Liquid propellants Nirtic acid Nonaqueous Iron
Hydroxylammonium nitrate Surveillance Triethanolammonium nitrate

19. ABSTRACT (CONTINUE ON REVERSE IF NECESSARY AND IDENTIFY BY BLOCK NUMBER)

1
The U.S. Army has made a commitment to develop liquid gun propellants as a potential replacement of solid

propeftants used in various gun systems. In order to munitor the propellants during storage, a study was conducted
to develop analytical capabilities for this purpose. The storability of liquid propellants is required to determine
whether there is any instability, its cause, and if necessary, its prevention. Titrimetry was selected to monitor two of
the species present which were most illustrative of propellant conditions and critical to performance. In the course
of this study, the merits of aqueous and nonaqueot:s techniques were discovered. As a result of this study, a
capability is availaible to menitor some of the vital components and contaminants in liquid propelfants during storage.

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

[:] UNCLASSIFIED/UNLIMITED SAME AS RPT. D DTIC USERS| UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (INCLUDE AREA CODE)|22c. OFFICE SYMBOL
I. HAZNEDARI (201) 724-2316 SMCAR-IMI-|

DD FORM 1473, 84 MAR
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE




CONTENTS
introduction
Experimental
Chemicals CAncwn T Fe T ] J
Titrators F-'rzs Ign*am-”w‘d“_';
Results Lo TAR 03 !
‘J"'i"ﬁt- ‘vd 1—3 [
Ju‘,’.&f(‘,df-m . '
. I T e
Conclusion |
By '
e j
Distrivutior '
References o “i./,__w__ 5
Asaitabidity Codoas !
o b
Distribution List U AVL i or
Cist Siecial
TABLES

1 Determination of nitric acid spiked in propellant samples by
nonaqueous titration

2 Determination of nitric acid in spiked propellant samples by
aqueous titration

3 Effect of diluent blank in nitric acid study

4 Comparison of agueous versus nonaqueous titration
for HAN and TEAN

5 Comparison of aqueous and nonaqueous synthetic 1846
HACL/TEACL titrations

19

21

10

11

11

12




8

9

FIGURES

Nitric acid titration % recovery versus sample weight

Nonaqueous titration derivative curves with optimized sample size
Nonaqueous titration derivative curve with concentrated sample
Effect of sample concentration in aqueous titration derivative curves
Aqueous titration derivative curves

Potentiometric titrations S-curve

Agueous titration S-curve for nitric acid

Nonagueous titrations S-curves for notric acid

Agueous titration S-curve for HAN/TEAN

10 Nonaqueous titration S-curve HAN/TEAN

Page

13
14

14

16
16
17
17
18

18




«{NTRODUCTION

The U S. Army has been engaged in the search for intensive munitions for guns
in tanks and self-propelled nowitzers  Liquid Propellants have been categorized as an
intensive munition (ref 1) and are pra<ently under consideration as a potential replace-
ment of solid propellants  Ttie logisticar. balistic. and cost savings feature propellant
prompted an extensive program for their characterizations. The integrity of these
propellants, after being stored icr extended pernods of time, is required to assure that
the ballistic parameters are met. In order 1o establish these criteria, long-term storage
studies of liquid propellants are reguired to determine their stability and storability.

The use of liaud propellants as a replacement for solid propellants in diverse gun
applications necessitates extensive characterization of the propellant system. This
requirement has resuited in the necessity to develop analytical techniques that will
establish the capability to monitor the composition of liquid propellants during storage.
Some of the important features which were considered for candidate technigues in-
cluded reprcducibility . reliability simplicny. safety. and environmental impact.

The propellant systems currently under investigation are stoichiometric mixtures
of hydroxylammonium nitrate (HAN) with an alkyl ammonium nitrate in water. The
alkylammonium nitrate which is being considered at present is triethanolammonium
nitrate (TEAN) A typical composition called LP 1846 has 61% HAN, 19% TEAN, and
20% water. The molar ratio of this mixture is 7:1 for HAN to TEAN which is
stoichiometric for conversion to the desirable products of combustion of carbon dioxide,
water, and nitrogen.

The knowledge of the aging effects of the basic liquid propellant constituents and
stability when exposed to contaminants during long-term storage is essential. This
information is critical since any significant deviation in the basic propellant formulation
will result in a loss in ballistic performance and propellant lifetime as well as causing
potential safety problems. Therefore. it is necessary to determine the effects of tem-
perature and contaminants on the stability of liquid propellants and provide analytical
techniques to monitor the gas and liquid phase compositions before and after exposure.

Analyses are required to both identify and quantify major propellants, con-
taminants. and degradation products in order to provide a basis for desired criteria.
Low level concentrations of contaminants or impurities which have been detailed previ-
ously (ref 2 and 3) such as ammomum nitrate (AN), nitric acid, morpholines, hydrazines,
nitrosoamines. nitrogen oxides, nitronen, and trace amounts of transition metal ions can
be expected to be found




EXPERIMENTAL
Chemicals

LP 1846 propellant was prepared by Thiokol Chemical Corp., Elkton, MD and
supplied by BRL, Aberdeen, MD.

The hydrochloride derivates of HAN and TEAN were purchased from Aldrich
Chemical Co., Milwaukee, WI.

The high purity solvents and regeants are commercial products. Ethanol
(Pharmco, NJ). sodium hydroxide, methanol, and acetone (Fisher, NJ).

The tetrabutylammonium hydroxide is a commercially avaliable titrant in men-
thanol (Aldrich Chem Co.).

Titrators

The potentiometric titrations were carried out on a Metrohm potentiograph Model
E-536 and a Model 655 Metrohm Dosimat.

RESULTS

Several of the analyses have received considerable attention due tc their com-
plexity and necessity for accurate results. The determination of both free nitric acid and
of hydroxylammonium nitrate (HAN) and triethanolammonium nitrate (TEAN) is an area
that has provided some difficulty. In-depth investigations of the use of titrimetry as well
as alternative techniques such as ion chromatography (IC) and supercritical fluid
chromatography (SFC) have been conducted.

A titrimetric method developed by Dr. Kasler at the University of Maryland was
reviewed as a potential technique for HAN/TEAN analysis (refs 4 and 5). Methyl
isobutyl ketone was used in this method to convert HAN to a stronger acidic product,
nitric acid. TEAN, a weak acid, is not affected by the ketone and is easily differentiated
in the "wation curve. The actual titration is based on the nitric acid liberated during the

formation of an oxime, a very weak acid (Kb <1 0"2) which is not titrated.

H,NOHNO, + R,C=0---> R,C=NOH + HNO, = H,0 (1)
HAN Oxime




HAN based liquid propellants can undergo decomposition as a result of the
presence ot various contaminants such as nitric acid and transition metals with forma-
tion of numerous products some of which are shown in equation 2:

aH,NOHNO, --> bHNO, + cN,O_+ dN, + eH,O + fNH,NO, + Z (2)

The actual mechanism for liquid propellant decomposition proposed in equation 2 will
be established by gas and fiquid phase analyses of experimentally aged samples. Nitric
acid formation during decomposition poses a serious problem in the stability of the
liquid propellant and must be accurately monitored. "Free" nitric acid can be introduced
as a product of decomposition or from production as a residual contaminant. Therefore,
this titrimetric method will result in erroneously high HAN values in samples with signifi-
cant decomposition or with residual acid from production. As a result, a capability was
required to differentiate free nitric acid separate from nitric acid produced from
keytone/HAN reaction. This was accomplished by performing two titrations. The
keytone was eliminated from the sample solvent permitting the HAN to remain un-
changed. The free nitric acid from HAN to remain unchanged. The free nitric acid from
HAN decomposition or propellant production could then be titrated. This is impossible
since the HAN and TEAN whicii are very weak acids from one break in the titration
curve after the stronger, free nitric acid break. Tetrabutylammonium hydroxide of 0.01N
in methano! was used as the titrant with 50 ml of ethanol as the sample solvent. In
order to provide the necessary accuracy for concentrations of HNO, <0.5%, an 0.6-

gram sample was chosen; and for concentrations of HNO, >0.5%. an 0.3-gram sample

was required (refs 2 and 3). Finally, the HAN/TEAN could be determined in a seperate
titration with addition of keytone to the sample solvent for HAN conversion.

A comparison of the agueous versus nonaqueous free nitric acid titrations led to
the selection of the nonagueous method. The overall standard deviation of the aqueous
was >+0. 02 and for the nonagueous <+0. 02 (tables 1 and 2). The titration curves for
the nonaqueous method were more sensitive. The choice of sample weight was also
critical. In keeping with acceptable titration techniques as prescribed by numerous
authors as well as safety and environmental directives, sample size was kept minimal.
The effect of sample concentration is vividly expressed in figure 1 where percent
recovery is dramatically reduced as sampie concentration is increased. The calcula-
tions for figure 1 were made without subtraction of the sclvent blank in order to show the
effect of large sampies. The actual recovery of nitric acid added (table1) is a complete
loss or zero recovery with sample sizes greater than one gram

The choice of methods for this study was restricted by sample quantities avail-
able, satety regulations, directives to reduce waste and sample usage, and analytical
methods had to be tailored to comply with these restrictions.




The original HAN/TEAN method by Kasler produced titration curves which
produced breaks that were not sufficiently discernible for the accuracy required for this
program. In this study, first derivative curves were used to provide more easily defined
end points. Acetone was substitutec for the higher keytones used by other investigators
(refs 3 and 4) for conversion of HAN to nitric acid which led to smoother and better
defined titration curves. Pre-addition of titrant was used to reduce analysis time and
provide accurate data. The sample size (0.6 g) was within accepted levels for ionic
strengths of less than 0.1 (eqgs 5 through 7), but sufficient for the desired accuracy and
precision. Several titrants were tested, and tetrabutyl ammonium hydroxide (TBAH)
was found to be applicable to both nitric acid and HAN/TEAN analyses. The prefered
titrant for free nitric acid from degradation and production was n-butylamine in
methanol, but the use of both titrants was not pursued. It was expedient to use only one
titrant since both gave comparable results. The titrant for the HAN/TEAN analytical
method is 0.2N TBAH in methanol. The sample size is 0.6 g with pre-addition of 15.0
mi of titrant in 50 mt of ethanol/acetone (100:1) (refs 2 and 3).

Blank values were determined for all reagents. The effect of the reagent used as
a diluent or solvent was in some cases quite significant. A tabulation of these data are
shown in table 3. Calculation of the blank as nitric acid shows that a significant error
would be introduced in the case of ethanol 2.

The aqueous system was compared to nonaqueous titration of two liquid propel-
fant lots (table 4 ) and of synthetic ot using hydrochioride standards (table 5). Both
LP-2 and LP-3 were specification grade mixtures containing 60.8+ 0.5% HAN. As a
result, the data in table 4 indicate that the nonaqueous titration provides more realistic
results. This is also confirmed with the data in table 5. In this case, pure hydrochloride
standards were used to prepare solutions containing the same amount of cation
(hydroxlyamine or triethanolamine) which would be present in the nitrate solutions of LP
1846. Again, the nonaqueous determination resulted in closer agreement with actual
concentration of HAN. The only interesting observation in the TEAN comparison is that
the aqueous titration results in higher TEAN (TEAC1) concentrations. This may be due
to unreacted HAN (HAC1) which would account for low HAN values. If the effect of
molecular weight from equation 3 is considered, any unreacted HAN (MW=96) would
have more than a two-fold effect on increasing the percent TEAN (MW=212) detected.
Considering the role of molecular weight in the titrimetry calculations, the presence of a
species of lower molecular weight would increase the calculated amount detected (eq
3). For example, a weight of 80 versus TEAN with a molecular weight of 212 would
effectively increase the TEAN concentration detected due to its presence by more than
twice the amount.

%X = (100) {(mls titrant) (N titrant) (MW/1000)]
Sample weight, grams (3)




In order to provide an analytical capability, an overall review and understanding
oi the basic principals of the methods employed is necessary. One of the approaches,
titrimetry, which has been chosen for characterizing the major components and the
nitric acid contaminant in liquid propellants is one of complex dimensions. Titrimetry in
either aqueous or nonagueous media is often neither simple nor well defined and must
be used with an understanding of its limitations. For this particular application, nona-
queous potentiometric titrimetry was selected for reasons which will be enumerated.

The selection of nonaqueous over aqueous titration methods provides increased
sensitivity of weak acidic species such as TEAN. That is, the amplitude of the derivative
curve is greater and much sharper. By careful observance of titrant and solvent effects
and the increased sensitivity of nonagueous media, it was possible to qualitatively and
semiqualitatively distinguish between weakly acidic species, TEAN an AN. This charac-
teristic has been observed by others in ethanol and other nonagueous media (ref 6).

To be consistent with general practices set forth by numerous investigators, a
dilute system was considered as an optimum approach with ionic strengths less than
0.1 (ref 7). These criteria are fulfilled by both nonaqueous methods which were devel-
oped (egs 5 through 7). Concentrated solutions create large changes in activity coeffi-
cients and buffering affecting the shape of the titration curves (refs 6 and 8) which was
evidenced in recent studies of percent recovery of nitric acid with sample size (fig. 1).
Since buffering capacity is the property of a solution to resist pH change, it is requisite
to reduce buffering power through dilution especially in analyses which require monitor-
ing traces or slight changes. Evidence of buffering as a result of concentrated samples
is illustrated in the derivative curves of figures 2 through 5. A standard symmetrical
nonaqueous titration is shown in figure 2; the effect of a larger sample in which the
curve becomes very noisy and shallow in figure 3; and the effect of increasing sample
size using the aqueous method whose curves are asymmetrical in figure 4. As sample
size was increased, the curve became increasingly shallow and eventually indiscer-
nible. Figure 5 is an aqueous titration with a very large sample (~30 grams) in which
the curve is measurable but very noisy and asymmetrical. The agreement obtained
between the aqueous and the nonaqueous methods may have been coincidental. It
was a deviation from the other concentrated samples which were tried since a discern-
ible break was observed. Nevertheless, the more reasonable approach is with small
samples.

Using classical associations and definitions, the following relationship exists
between pH and pK vaiues:

pH = pKa + log (Ab/Aa) if Aa = Ab, pKa = pHk (4)
where Aa andAb are activities (~ concentrations).

Since Aa = Ab is approximately fulfilled by V /2, the point K on the curve can be easily
determined resulting in the appropriate pHk form which the corresponding pKa can be




found (fig. 6). Although the pKa determined in this manner is not exact, it is sufficient
for this comparision. The buffering capacity, b, is a differential quantity and can be
determined by drawing a tangent to the titration curve (fig. 7). The buffering capacity
can also be calculated as b = DV (equiv/L) /Dph. The more symmetrical the curve, the
more distant b is from the end point. Titrations were run using titration techniques
currently being employed for HAN-based propellants (figs. 7 through 10). Calculations
are shown below for several of the aqueous and nonagueous titration S-curves of LP
1846-03-11 from figures 7 through 10:

End point Start
Method mi pH b pK %HNO, %HAN pH
Aqueous 050 208 028 192 0.03 1.80
Nonaqueous 1.50 217 0.019 1.79 0.07 1.54
Aqueous 15.53 504 024 190 60.29 1.09
Nonaqueous 1362 13.15 044 ~03 60.91 -0.35

The data from these calculations show the consistency of this set for percent detected.
The most significant observation is the value for the buffering capacity. For HAN
analysis, both methods use ~0.5 grams and are similar. But, for the titration of nitric
acid, there is a very large difference in buffing capacity which would make the aqueous
method more susceptible to error. This larger buffering capacity is the function of the
larger sample size. 20 to 30 grams versus the smaller sample tor nonaqueous method
(0.509).

Based on the optimized nonaqueous titrimetry technique, ionic strengths can be
calculated to determine conformity with accepted practices. The molarities and there-
fore ionic strengths which were used for this study for liquid propellant, LP 1846, con-
taining HAN at 8.94 M and TEAN at 1.34 M are as follows:

Using 0.6 gram of LP or 0.42 mi at a density of 1.42,
HAN = ml [M/ (1000 ml/L) = 0.00375 moles

TEAN = 0.00056 moles (5)
Diluted in 50 ml,
HAN = [ (moles x 1000 ml/L) /ml] = 0.074 M (6)

TEAN =0.011 M
lonic strength, yt,

W=1/2 %z =0.085 (7)




In the concentrated systems, the curves are more asymmetrical (figs. 2 through
10) which are a function of the buffering capacity maximum, b, being close to the titra-
tion end-point. In the symmetrical curves from the dilute systems, the maximums are
far removed from the end-point.

Another illustration of buffering as expressed by Kolthoff and Sandell states that
in any weakly acidic solution, HA, the equilibrium is determined by the magnitude of the
ionization constant:

[H][A]/[HA] =Ka (8)
and
HT={[HA]/[A]}x Ka

If a mixture of a weak acid and its salt (KA) is considered, it is a strong electrolyte. The

concentration of A ions sent into solution by the salt is practically equal to the molecular
concentration of the salt which represses the dissociation of the acid, HA, since it

furnishes the common ion A. Frequently, this repression is so great that all of the acid
present can be considered to be in the undissociated form (ref 8).

During the course of this investigation, it was observed that the break in the
titration curve for AN, EAN, and DEAN, which are also weak acids, are not resolved
from TEAN. Since these contaminants could have a large impact on the TEAN deter-
mination, an alternative method for TEAN is necessary. Due to the observed limitations
of titrimetry, ion and supercritical fluid chromatography are being investigated for the
analysis of HAN, TEAN, EAN, DEAN, and AN. This does not preclude the use of
titrimetry. Potentiometric titrimetry appears to provide accurate HAN analysis and an
indication of other contaminants in the titration break for TEAN when a first derivative
output is used. The use of titrimetry will be used until such time that either IC or SFC or
both are optimized. Both IC and SFC instrument manufacturers * were consulted on the
above-mentioned analyses which has resulted in feasible approaches for further inves-
tigation. One of the important considerations which led to SFC was environmental
impact and waste disposal.

*J. Krol, Waters Division of Millipore, 1988
M. Ashraf-Khorassani of Suprex Corporation. 1989




A capability was developed on IC to separate HAN, TEAN, DEAN, EAN, and AN.
Current investigation is in progress to determine the precision and accuracy of this
technique. Preliminary results indicate that IC is a viable method. An IC-Pak TM
column and conductivity detector were used for the separation and detection. A 20 to
100 il size sample of diluted liquid propellant (3/5000 in water) was injected using 1 to 4
mm HNG,/0-15% methanol as the eluant. The separation using this technique resolves

all the above-mentioned species (refs 2 and 3). The nitric acid molarity effects the
speed of elution of the HAN and AN primarily and this methanol concentration, primarily
the TEAN. This combination can be used to vary the elution times of the compo yents of
interests for a particular application.

As a result of recent progress in the field of SFC, this chromatographic procedure
was also reviewed. Conformity to stricter environmental and waste disposal regulations
have required a search for compatible techniques which would permit achievement of
analytical goals and compliance with these new directives. This meihod has been
shown to provide the desired results and merits further investigation.  The
chromatographic column used in this separation for all the species of interest was 10
cm x 1.0 mm x 5 um methyl deltabond with supercritical carbon dioxide plus 0.3 formic
acid as eluant. The sample of LP 1846 was extracted on celite with supercritical carbon
dioxide plus 0.3 formic acid prior to analysis (ref 10).

CONCLUSIONS

The final selection cf analytical techniques for this program is still under inves-
tigation. The uses of titrimetry have been illustrated as well as the advantages of
chromatography. The development of the later has far-reaching utility and applicability
to many facets of this program. In conclusion, all of these techniques have their advan-
tages and disadvantages and must be weighed for the particular application.

The review of analytical methodologies which are applicable for monitoring the
storage of liquid propellants has led to the investigation of many diverse techniques.
Any or all of these have applicability for the particular requirements. This investigation
has endeavored tc provide some incite into their advantages and disadvantages.




Sample

Ethanol

LP 1846 No.1

LP 1846 No. 2

LP 1846 No. 3

LP 1846 No. 4

Table 1. Determination of nitric acid in spiked propellant
samples by nonaqueous titration

“oAcid added “%Acid present Total % acid % Acid found
0.03 0.0 0.03 0.02
0.03 0.03 0.02
0.05 0.05 0.04
0.05 0.05 0.04
0.13 0.13 0.12
0.13 0.13 0.12
0.0 0.08 0.08 0.09
0.0 0.07
0.04 0.12 0.10
0.04 0.12 0.1
0.05 0.13 0.14
0.06 0.14 0.17
0.14 0.22 0.21
0.16 0.24 0.22
0.33 0.41 0.43
0.33 0.41 0.41
0.0 0.11 0.11 0.11
0.0 0.11
0.06 0.17 0.156
0.16 0.27 0.23
0.32 0.43 0.41
0.0 0.10 0.10 0.1

0.09
0.11
0.11
0.03 0.13 0.13
0.13
0.13
0.12
0.07 0.17 0.17
0.16
0.17
0.16
0.03 0.11 0.14 0.00"

Used 2.0 g scmple resulting in complete loss in recovery; all other samples are 0.5 g.




Table 2. Determination of nitric acid in spiked propellant
samples by aqueous titrations

Sample

Sample wgt,g

DI H20 1.0
1.0
1.0

LP 1846 No.1 0.50
0.47
0.49
0.99

1.03
1.97
4.27
4.31
4.29
LP 1846 No.2 0.48
0.49
0.49
0.50
0.50
0.49
0.48
0.48
0.48
0.49

LP 1846 No.3 1.02
LP 1846 No. 4 4.26
4.26
4.23
LP 1846 No.5 28.65°
28.53°
28.61°
28.53°

% Acid

added

0.0
0.00
0.065
0.00

0.03
0.03
0.03
0.065
0.065
0.065
0.17
0.29
0.28
0.33
0.06
0.004
0.004
0.03
0.00
0.03
0.00
0.03

%Acid

present

0.00
0.00
0.065

0.04
0.04

0.04
0.04

0.04
0.04

0.04
0.04

?Nondiscernible end points using large samples.
*Determinations using S- curves.
“Total volume is 60 ml; all others are 50 mi.

% Nitric acid

actual total

0.00
0.00
0.065

o/oACid
found

0.01
0.01
0.069
0.06
0.07
0.06

0.02
ab

0.02
0.04
0.03
0.04
0.05
0.07
0.06
0.09
0.09
0.11
0.22
0.31
0.32
0.35
ab

b

b

b

ab

ab

0.03
0.06




LP-1846-01
(LP 3)

NOTE:

Table 3. Effect of diluent blank in nitric acid study

Diluent

Methanol
HPLC grade
Ethano! 1
200 proof
Ethanol 2
200 proof
Di water 1
Dl water 2

Titration

Nonaqueous
Nonaqueous
Nonaqueous

Aqueous
Aqueous

Nitric acid .
Present Found
0.00 0.01
0.00 0.01
0.00 0.12
0.00 0.01
0.00 0.03

Table 4. Comparison of aqueous versus nonaqueous titrations
for HAN and TEAN

Aqueous (NaOH)

% HAN
58.69
58.67
58.64
58.61
58.65
58.65+0.02

58.76
58.85
58.81
58.71
58.84
58.70
58.78+0.06

% TEAN

21.61
21.00
21.48
21.46
21.76
21.46+0.19

21.49
21.51
21.76
22.18
22.35
21.75
22.01+0.33

Nonaqueous (TBAH)

HAN
60.42
60.45
60.39

% TEAN
20.47
20.42
20.43

60.4240.02  20.44+0.02

60.54
60.60
60.64

20.90
20.95
20.82

60.59+0.04  20.89+0.05

(1) All values are corrected for free nitric acid and ammonium nitrate.

(2) LP-2islot ABY87FS2C013.




Table 5. Comparison of aqueous and non aqueous synthetic
1846 HACL/TEACL titrations

Titration Percent Reaction Titrant Volume, mis
type Diluent acetone time, min HA - CL TEA - CL
Nonagueous  Ethanol 1.0 0.0 14.91 17.28
14.87 17.23
+0.02 +0.025
5.0 0.0 14.95 17.33
14.93 17.31
+0.03 +0.01
10.0 0.0 14.93 17.32
14.87 17.26
+0.03 +0.03
10.0 15.0 14.89 17.26
Actual concentration 60.8% HAN 19.2% TEAN
Experimental 61.4% HAN 21.6% TEAN
Aqueous Water 1.0 0.0 17.19 20.13
17.14 20.06
+0.025 +0.035
5.0 0.0 17.11 20.03
17.20 20.10
+0.045 +0.035
10.0 0.0 17.14 20.03
17.15 20.02
+0.005 +0.005
10.0 15.0 17.14 20.04
Actual concentration 60.8% HAN 19.2% TEAN
Experimental 58.5% HAN 21.9% TEAN
NOTE:

High purity hydroxylammonium hydrochloride and triethanolammonium hydrochloride
was used to prepare solutions containing the same amount of cations (hydroxylamine or
triethanolamine) which would be present in the nitrate solutions of LP 1846.
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Figure 1. Nitric acid titration, % recovery versus sample weight
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Figure 6. Potentiometric titrations S-curve
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Figure 10. Nonaqueous titration S-curve HAN/TEAN

e e s
SRR

Z
Y 0r<,
..ﬂ e el
o snNNERREE
4 4 s rd oy . ++ e
i S i
el ondl Send JJ.JH.H{( jestt ede) iepdisiels
1 SNTHS — oyt A + . PR
HIHEN ?JW%HZ& R T eI
riAvv d»lv .”ﬁ.#r wvw. ga qaet 184 §e e
e e Y ISR NTR R T b188eeiSt
Trvrrwtu i e pe b Ay e
Jv_mym w.lnixi..w.: - +[ e
m“i_ st i “.u..ax.., ) ili
xxﬁxﬂ it 53990 7Lrun. ﬂ 3 w«
57> SRROE BOED  IRRE A hes
MMIJ %I~ EEER! w»‘- 193
16468 L%
1p~das 1 s




REFERENCES

Seals, W.O., "Vulnerability Studies for a Liquid Propellant,” Technical Report
BRL-TR-2646. 1984.

Griff, S.P., Seals, W.O., and Doyle. G., "The Effect of the Temperature and
Transition Metals on the Stability of LP 1846." 4th International Gun Propeliant
Symposium, ARDEC., Picatinny Arsenal, NJ., November 1988, Submitted for
CPIA Publication.

Gritf, S.P., Doyle, G.. and Seals W.O.. "Stability of Liquid Propeliants Under
Long-Term Storage.” JANNAF Propulsion Systems Hazards Subcommittee
Meeting, Brooks AFB. San Antonio, Texas, Febuary 1989, Contractor report
ARAED-CR-89002, Picatinny Arsenal, NJ. April 1989.

Decker, M., Klien, N., and Freedman. E.. " Titrimetric Analysis of Liquid
Monopropellants. " JANNAF Propeliant Characterization Subcommittee Meet-
ing, 1986.

Decker, M. and Freedman, E., " Analysis of Liquid Monopropeliants by Titration.
" JANNAF 23rd Combustion Meeting. 1986.

Kolthoff, .M. and Elving, P.J.. "Treatise on Analytical Chemistry,” Part |, Volume
I, Chapters 10, 11, 12, and 13, Interscience. New york, 1959.

Bates, R.G.. Determinations of pH. Theory and Practice, Wiley, New York,
1864,

Kolthoff, .M. and Sandell, E.B.. Textbook of Quantitative Inorganic Analysis,

3rd Edition, Macmillan, New York, 1952.




DISTRIBUTION LIST

Administrator

Defense Technical Info Center
ATTN: Accessions Division (12)
Cameron Station

Alexandria, VA 22304-6145

HQDA (SARD-TR)
Washington, D.C. 20310-0001

Commander

U.S. Army Materiel Command
ATTN: AMCDRA-ST

5001 Eisenhower Avenue
Alexandria, VA 22333-0001

Commander

U.S. Army Laboratory Command
ATTN: AMSLC-DL

Adelphi, MD 20783-1145

Director

Benet Weapons Laboratory
Armament RD&E Center
U.S. Army AMCCOM
ATTN: SMCAR-CCB-TL
Waterviiet, NY 12189-4050

Commander

U.S. Army Armament, Munitions and Chemical Command
ATTN: SMCAR-ESP-L

Rock Island, IL 61299-5000

Commander

U.S. Army Aviation Systems Command
ATTN: AMSAV-DACL

4300 Goodfellow Blvd.

St. Louis, MO 63120-1798

Director

U.S. Army Aviation Research and Technology Activity
Ames Research Center

Moffett Field, CA 94035-1099




Commander

U.S. Army Missile Command
ATTN: AMSMI-RD-CS-R (DOC)
Redstone Arsenal, AL 35898-5010

Commander

U.S. Army Tank-Automotive Command
ATTN: AMSTA-TSL (Technical Library)
Warren, Mi 48397-5000

Director

U.S. Army TRADOC Analysis Command
ATTN: ATAA-SL

White Sands Missile Range, NM 88002-5502

Commandant

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

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

Director
USAMSAA
ATTN: AMXSY-D
AMXSY-MP, H. Cohen
Aberdeen Proving Ground, MD 21005-5066

Commander

USATECOM

ATTN: AMSTE-TD

Aberdeen Proving Ground, MD 21005-5066

Commander

CRDEC

AMCCOM

ATTN: SMCCR-RSP-A

Aberdeen Proving Ground, MD 21010-5423




Commander
CRDEC
AMCCOM
ATTN: SMCCR-MSI
SMCCR-MU
Aberdeen Proving Ground, MD 21010-5423

Director

VLAMO

ATTN: AMSLC-VL-D

Aberdeen Proving Ground, MD 21005-5066

Director
Detense Advanced Research Projects Agency
ATTN: J. Lupo
J. Richardson
1400 Wilson Boulevard
Arlington, VA 22209

HQDA
ATTN: SARD-ZT, G. Singley
SARD-TT, I. Szkrybalo
SARD-TC, C. Church
D. Zimmerman
Washington, D.C. 20310

HQ

U.S. Army Materiel Command
ATTN: AMCICP-AD, B. Dunetz
5001 Eisenhower Avenue
Alexandria, VA 22333-0001

Commander

Materials Technology Laboratory
U.S. Army Laboratory Command
ATTN: SLCMT-MCM-SB, M. Levy
Watertown, MA 02172-0001

Commander

USACECOM R&D Technical Library
ATTN: ASQNC-ELC-I-T, Myer Center
Ft. Monmouth, NJ 07703-5000




Commander
Armament RD&E Center
U.S. Army AMCCOM
ATTN: SMCAR-IMI-I (5)
SMCAR-AEE-B, D. Downs
SMCAR-AEE-BR, B. Brodman
W. Seals
A. Beardell
SMCAR-AEE-W, N. Slagg
SMCAR-AEE, A. Bracuti
J. Lannon
M. Gupta
J. Salo
D. Chieu
SMCAR-FSS-D, L. Frauen
SMCAR-FSA-S, H. Liberman
SMCAR-FSS-DA, J. Feneck
R. Kopmann
J. Irizarry
SMCAR-CCS-C, T. Hung
SMCAR-SFS
Picatinny Arsenal, NJ 07806-5000

Director

Benet Weapons Laboratory

Armament RD&E Center

U.S. Army AMCCOM

ATTN: SMCAR-CCB, L. Johnson
SMCAR-CCB-S, F. Heiser
SMCAR-CCB-DS, E. Conroy

A. Graham
Waterviiet, NY 12189-4050

Commander

U.S. Army Harry Diamond Laboratories
ATTN: SLCHD-TA-L

2800 Powder Mill Road

Adelphi, MD 20783-1145

Commander

U.S. Army Belvoir Research and Development Center

ATTN: STRBE-WC
Technical Library (Vault) B-315
Fort Belvoir, VA 22060-5606




Commander

U.S. Army Research Office

ATTN: Technical Library

P.O. Box 12211

Research Triangle Park, NC 27709-2211

Commandant

U.S. Army Field Artillery School

ATTN:. ATSF-CMW
ATSF-TSM-CN, J. Spicer

Fort Sill, OK 73503

Commandant

U.S. Army Armor Center
ATTN: ATSB-CD-MLD
Fort Knox, KY 40121

Commander

Naval Surface Weapons Center
ATTN: D.A Wilson (Code G31)
Dahlgren, VA 22448-5000

Commander

Naval Surface Weapons Center
ATTN: J. East (Code G33)
Dahlgren, VA 22448-5000

Commander
U.S. Navai Surface Weapons Center
ATTN: O. Dengrel
K. Thorsted
Silver Spring, MD 20902-5000
Commander (Code 3247)
Naval Weapons Center
Gun Systems Branch
China Lake, CA 93555-6000

Superintendent

Naval Postgraduate School
Department of Mechanical Engineering
ATTN: Code 1424, Library
Monterey, CA 93943




AFOSR/NA (L. Caveny)
Building 410
Bolling AFB
Washington, DC 20332

Commandant

USAFAS

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

Director

Jet Propulsion Laboratory
ATTN: Technical Library
4800 Oak Grove Drive
Pasadena, CA 91109

Director
National Aeronautics and Space Administration
ATTN: MS-603, Technical Library
MS-86, Dr. Povinelli
21000 Brookpark Road
Lewis Research Center
Cleveland, OH 44135

Director

National Aeronautics and Space Administration
Manned Spacecraft Center

Houston, TX 77058

Central Intelligence Agency
Office of Central Reference
Dissemination Branch
Room GE-47 HQS
Washington, DC 20502

Central Intelligence Agency
ATTN: Joseph E. Backofen
HQ Room 5F22
Washington, DC 20502

Calspan Corporation
ATTN: Technical Library
P.O. Box 400

Buffalo, NY 14225




General Electric Ordnance System Division
ATTN: J. Mandzy, OP43-220
R.E. Mayer
H. West
W. Pasko
R. Pate

I. Magoon

J. Scudiere

Minh Luu
100 Plastics Avenue
Pittsfield, MA 01201-3698

General Electric Company
Armament Systems Department
ATTN: D. Maher

Burlington, VT 05401

Honeywell, Inc.

ATTN: R.E. Tompkins
MN38-330

10400 Yellow Circle Drive
Minnetonka, MN 55343

7RI

ATTN: Library

10 West 35th Street
Chicago, IL 60616

Olin Chemicals Research
ATTN: David Gavin
P.O. Box 586

Chesire, CT 06410-0586

Paul Gough Associates
ATTN: Paul Gough

1048 South Street
Portsmouth, NH 03801-5423

Satety Consulting Engineer
ATTN: Mr. C. James Dahn
5240 Pearl Street
Rosemont, IL 60018




Sandia National Laboratories

ATTN: R. R. Rychnovsky, Div 8152
S. Griftiths, Div 8244
R. Carling, Div 8152

P.O. Box 969

Livermore. CA 94551-0969

Science Applications, Inc.
ATTN: R. Edelman
23146 Cumorah Crest
Woodland Hills, CA 91364

Science Applications International Corporation
ATTN: Dr. F.T. Phillips
Dr. Fred Su
10210 Campus Point Drive
San Diego, CA 92121

Science Applications International Corporation
ATTN: Norman Banks

4900 Waters Edge Drive

Suite 255

Raleigh, NC 27606

Sundstrand Aviation Operations
ATTN: Mr. Owen Briles

P.O. Box 7202

Rockford, IL 61125

Veritay Technology, Inc.
ATTN: E.B. Fisher

4845 Millersport Highway

P.O. Box 305

East Amherst, NY 14051-0305

Director

The Johns Hopkins University
Applied Physics Laboratory
Johns Hopkins Road

Laurel, MD 20707




Director

CPIA

The Johns Hopkins University

ATTN: T. Christian
Technical Library

Johns Hopkins Road

Laurel. MD 20707

University of lllinois at Chicago
ATTN: Professor Sohail Murad
Department of Chemical Engineering
Box 4348

Chicago. IL 60680

University of Maryland at College Park
ATTN: Professor Franz Kasler
Department of Chemistry

College Park, MD 20742

University of Missouri at Columbia
ATTN: Professor R. Thompson
Department of Chemistry
Columbia, MO 65211

University of Michigan

ATTN: Professor Gerard M. Faeth
Department of Aerospace Engineering
Ann Arbor, Ml 48109-3796

Director

Ballistic Research Laboratory

ATTN: AMXBR-OD-ST

Aberdeen Proving Ground, MD 21005-5423

Commander

U.S. Army Armament, Munitions and Chemical Command
ATTN: AMSMC-GCL (D)

Picatinny Arsenal, NJ 07806-5000

University of Missouri at Columbia
ATTN: Professor F.K. Ross Research Reactor
Columbia, MO 65211




University of Missouri at Kansas City
Department of Phisics

ATTN: Professor R.D. Murphy

1110 East 48th Street

Kansas City, MO 64110-2499

Pennsylvania State University
Department of Mechanical Engineering
ATTN: Professor K. Kuo

University Park, PA 16802

Princeton Combustion Research Laboratories, Inc.
ATTN: N.A. Messina
M. Summerfield
4275 U.S. Highway One North
Monmouth Junction. NJ 08852

University of Arkansas

Department of Chemical Engineering
ATTN J. Havens

227 Engineering Building
Fayetteville, AR 72701

University of Delaware
Department of Chemistry
ATTN: MR. James Cronin
Professor Thomas Brill
MR. Peter Spohn
Newark, DE 19711

University of Texas at Austin

Bureau of Engineering Research

ATTN: BRC EME 133, Room 1.100
H. Fair

10100 Burnet Road

Austin, TX 78758

Olin Corporation
ATTN: Victor A. Corso
DR. Ronald L Dotson
24 Science Park
New Haven, CT 06511




DEPARTMENT OF THE ARMY
U.S. ARMY ARMAMENT RESEARCH, DEVELOPMENT AND ENGINEERING CENTER

PICATINNY ARSENAL, NEW JERSEY 07806-5000
REPLY TO t R 7 ﬂ
ATTENTION OF & ﬂ

SMCAR-IMI-I 11 September 1990

SUBJECT: Report Corrections

Defense Technical Information Center
Selection Section L T
DTIC-FDA-C

Cameron Station, VA 22304-~6145

Corrections should be made to the following reports:
1. ADA 226186 - author's name should be S. P. Griff not J. P. Griff

2. ADB 147023 - report number should be ARFSD-SP-90002 not
ARFSD-SP-90004

HMorracns Wordodman

FLORENCE WINKELMAN
Editorial Services
STINFO, IMD




