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I. INTRODUCTION

"Nitrocellulose-based propellants are widely used throughout the military
and civilian areas in guns and rockets. There are almost as many different
procedures for analysis as there are propellants. Even in thle area of liquid
chromatography, frequently, more than ,ne procedure is used in the analysis of
the propellant. Most techniques have been designed to answer a specific
question about the purity or amount of two or three ingredients. However,
most propellants have at least three or four original ingredients and fre-
quently one or two other reaction products that can be easily extracted.

Since these ingredients can be extracted into a solvent it would seem
logical to try to analyse for all them at once. A major difficulty to this in
the past has been that silica columns are difficult to work with. Precise
control of water, clcohols, and other polar ingredients is necessary to obtain
reproducible retention times and amounts. Reverse phase columns-
octadecylsilane or C-18 do not have this problem but investigators have
expressed difficulty in obtaining good separations of more than a few ingre-
dients with the binary mixtures commonly used.

Recently some significant interest has been observed in using more than 2
solvent systems with C-l8 columns. Manufacturers have st.arted producing HPLC
equipment that can ptup 3 or 4 solvents simultaneously. The reason for a
multi-solvent system is that separations are accomplished by more than dif-
ferences in polarity. Snyder1 has proposed that solvents should be classified
as to three properties - proton acceptor, proton donor, and dipole interaction
as indicated in Figure 1. It is believed that these 3roperties make the
major contributions to separations in HPLC. Kirkland' has developed a proce-
dure consistii, of 7 experiments ;nhich can be used to predict the best solvent
composition for separating ingredients in a mixture. A program was undertaken
to develop a procedure that will scparate the maximum number of commonly used
propellant ingredients possible.

II. EXPERIMENTAL

A. Equipment

All solvents were obtained from Burdick and Jackson Laboratories.
Prior to use the solvents were filtered and degassed in an ultrasonic bath.SWater was distilled and deionized by a MILLI- system from Mi]llpore. The

liquid chromatographic system consisted of three M6000A pumps, a 720 system
controller, a 710B WISP sample injector, and RCM 100 radial compression
system, all from Water Assoziates. The column used was a Waters Associates
C-18 radial PkC column using 10 micron silica coated with octadecyl silane.
The detector was a LC 85 variable wavelength UV detector from Perkin-Elmer.
Responses were most often monitored at 215 rm. The signal from the detector
was analyzed by a Hewlett-Packard 3353E laboratory automation system.

1 Snyder, L. R. J Chrom Scd i6, (1978), 223.
i •2 Glatch, J. L., Kirkland, J. J., Squire, K. M., and Miner, J. M.; J.

Chromatgography, 199, (1980), 57.
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B. Sample Preparation

The missile propellant was cut into small piecea and approximately 400
Sg were accurately weighed out and placed in a test tube. To this was added

an accurately weighed amount of diethylphthalate as an internal standard.
Twenty-five ml of acetonitrile was added to the test tube. After one hour the
contents of the test tube were subjected to ultrasonic vibrations using a
Sonicator micro tip for 15 minutes. The solution was then filtered and placed
In a WISP sample vial for analysis.

The gun powder was prepared in a similar manner except that the aceto-
nitrile was diluted and there was no soak time. The reason from this modifi-
cation was that the powder was not cross linked and tended to form a gum in
pure acetonitrile. Usually 50% acetonitrile in water was sufficient to effect
complete extraction.

J III. PROCEDURE

There are numerous papers and books on ways to evaluate mixtures in
general. The paper by Snee 3 presents a good summary of many of the techniques
in a manner easily understood by the uninitiated. Examination of these
methods in ligbt of snyder'si paper permits development of an experimental
procedure involving only 7 to 10 experiments to obtain a complete picture of
the separation properties of the three solvents and their mixtures. Snyder 1

suggested the use of methanol, acetonitrile, and tetrahydrofuran as the three
solvents of choice for reversed phase chromatography. Tn the real world we
want a separation or resolution of the ingredients in a sample within a cer-
tain time limit. It has been shown4 that resolution will increase with

K
increasing 1 + k but increases in values of K greater than 10 or 15 have
only minimal influence on the resolution. The first step in developing a
separation is to adjust the three solvents strengths by dilution with an inert
carrier, such as water, until the retention times of all the ingredients in
the sample are between 2 and 30 minutes (assuming non retained peaks elute at
1 minute). This produces 3 solvents of approximately the same strengths bnt
greatly differing selectivities. Once the dilution of one solvent has been
selected, the desired dilution of the other two can be roughly estimated as
described by Kirkland5 , 2 . For methanol, acetonitrile and tetrahydrofuran the
following calculations were made:

Oa Pa + b Pb OA PA + B PB ()

Where OA % by vol of A

S Snee, R. D.; Chemtech; Nov (1979) 702.

" "Introduction to Modern Liquid Chromatography", L. R. Snyder and J. J.
Kirkland, Wiley, New York, 2nd edition, 1979, Ch 2.

5 Reference 4, Chapter 6.

S a4

F2



P. 20  10.2 for ACN: +50%(5.8) + 50(10.2) , 8.C0

5ACNf 5.8 for THr: 38%(4.0) + 64%(10.2) 7ý97

I-CN -H4.
The dilutions finally selected were 60% methanol In water, 50% acetonitrile in
water, and 42% tatrahydrofuran in water. For convenience these wi--1 beý__iden-
tified as KEOH, ACN, and THF.

-At this point the 7 to 10 experiments suggested by Snee can be- performed.[ Here the retention times of each ingredient are determined in each of the mix-
tures of the three solvents as shown in Table I. Only the .first 7 are -

necessary to generate the response surface but mixtures 8, 9, and 10 can be
used to check the accuracy of the analysis.

i TABLE I. SOLVENt COMPOSITIONS

!Mrm-n - - - - -

NEW 100 0 0 50 50 0 33.3 16.6 16.6 66.4
ACN 0 130 0 50 0 50 33.3 16.6 66.4166

THP 0 0 100 0 50 50Q 33.3 66.4 16.6 '16.6

Once the retention times have-been-obtained the data can be analyzed- to-• develop a response surface for the separations. The resolution of- any two--
ingredients can be calculated for any solvent mix of composition (XlA + X2B-+
X3 C) from equation (2)

R B1*XI + B2*X2 + B3*X3 + B4*Xi*X 2 + B5*X,*X3 + 3 + B7*X,*X2*X3  (2)

The values for B1 through B7 are derived frow equations 3 through 9.

Here YI is the resolutio-a of a peek pair in solvent mixture -1.-

B- - Y 2 A4)

B3  3  _(5)
1 -4"_4 - 41( --2). (6)

-B5 "4*Y 5 .;2Yj+ 3 ) + . . -7

a " 4*" 6 •- 2 +-ý 3) - -1 (8)

5
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B7  27*Y 7 - 12(Y 4 + Y5 + Y6 ) + 3(Y 1 + 12 + Y3 ) (9)

A computer program is being developed to perform these calculations and plot
tho response surface for selected resolutions of pairs-of ingredients. The
analysis is complicated by changes in order of elutton of several ingredients
as the solvent composition is varied. For this reason each ingredient in the

4 mixture must be evaluated with each of the other ingredients for resolution.

IV. RESULTS

Samples of three gunpowders were obtained from a commercial manufacturer.
A mixture was prepared that contained all of the ingredients and the probable
reaction products. Table II lists the retention times of each ingredient for
the 7 solvent mixtures suggested.

Iii The B values calculated for several pairs of ingredients are listed in
Table III.

Most of the ingredients are always resolved by a minimum value of 1.25 and,
are not considered critical to the separation. Figure 2 is a superimposed
graph of the lines of resolution of the critical ingredients.

As can be seen in Figure 2 there is a small area of the graph where all
ingredients can be resolved by the minimum value of 1.25. The solvent mixture
in the middle of this area was selected and the 10 ingredient mixture was ana-
lysed. The resulting chromatograph, Figure 3, shows that indeed all the
ingredients are well separated. At this point the three gun powder samples
%were prepared for analysis. Samples A and B did not contain Diphenylphthalate
so this was selected as the internal standard. The internal standard for
sample C was Dimethylphthalate since it already contained Diphenylphthalate.
Chromatograms and averaged analysis of each sample are given in Figures 4, 5,
and 6 and Tables IV, V, and Vt.

A sample of cross linked double-base propellant was obtained for analysis.
The individual ingredients were placed in 3 dlffereat mixtures to aid in Mden-
tification and analysed by the same solvent scheme in Table I. The B coef-
ficients for the critical peak pairs are given in Table VII and the
superimposed response surfaces are given in Figure 7. Here a much larger area
of solvent choice occurred. The propellant sample was prepared using
DMethylphthalate as an internal standard. It was analysed using three dif-
ferent solvent mixtures within the indicated area and these are shown in
Figures 8, 9, and 10.

The results of the analysis were in good agreement with other analyses of
the propellant.

It is interesting to note that gas chromatography has difficulty in ada-
lysing for thermally labile ingredients, such as nitroglycerine, and low vola-
tility materials, such as HKX. Liquid chromatograpny is generally limited to

Ssolubility and detectability of the ingredient. itroglycerine does not
absorb well in the UV at 254 mu. To detect it one must go down to about 214
or 220 rm. WX has a low solubility in most solvents. In the first sample

|O



preparation of the propellant sample the HMX analysis xas low while all other
ingredients were accurate. Examination of the procedure disclosed -that not
enough solvent had been used to dissolve all the -HX.- Subsequent preparation
used larger amounts of solvent and the analysis improved.

V. CONCLUSIONS

The procedure described here seems to have almost univernal application in
liquid chromatography. Once the retention times for a list of ingredients-is
developed no further experimentation is. required. When a new propellant com-
position is encountered, the solvent composition necessary for optimum separa-
tion of the ingredients can be quickly predicted with the aid of a computer.

A data base of 30 of the most commonly used propellant ingred ents is,
being prepared for further testing. Currently a mixture of 10 ingredients -an

r be separated with one solvent mixtures it is the ultimate goal that all 30
4'ingredients can be separated with one solvent mixture but it is doubtful that

this can be achieved.

A variable that has not been examinad yet is the influence of using dif-
ferent columns. During the nit year this will be evaluated by using two C18
columns from the same manufacturer and other CIS columns from different manu-
faeviurers. It is expected that the within manufacturer variations will be
small and not require changes in the optium solvent mixture. There will pro-
bable be significant differences between manufacturers but the extent of the
differences can not be predicted at this time.

TABLE II. GUNPOWDER INGREDIENT RETENTION TIMES*

SOCLVENTMIX
41 INhRE01ENTS 1 2 3 4

DMP 1 70 1 86 124 1,89 1.33 1.33 1.42

DEP 3.09 3.9S 201 3.94 2.23 2.33 2.57

S2,4 ONT 3.35 3.34 1.91 3.15 2.15 2.66 2.90

- NG 2.73 2.03 3.01 2.53 3.13 5.42 3.52

5C 5.61 16.5 3.70 13.20 4.10 9.40 6.28

NOPA 4.84 6.24 5.67 6,25 2.74 5,23 4.94

OPA 5.61 6.80 5.67 7.43 5.69 5.79 7.89

Opp 13.96 21.0 526 22.5 7.13 -10.86 1174

DOP 6.99 35 7.92 32 10.15 15 16

SOMP - DIMETHYL PHTHALATE NDPA = N-NITROSODIPHENYLAMINE

DEP s OIETHYL PHTHALATE OPA DIPHENYLAMINE
2A4 DNT 2.4 DINITRO TOLUENE DPP -O|PHtNYLPHTAALATE
NG - NI7ROGYLCERINE DBP DIBUTYLPHTHALATE
EC = ETPHYL CENTRALITE

7



TABLE III. GUNPOWDER B COEFFICIENTS FOR-PAIRS- OF- INGREDIENTS

B1 B2 B3 B4 B5 B7? -B7

DMP-NG 6 1.02 10.62 1.32 9.96 74.88 -77.04

DEP-2,4 DNT 1.56 -3.9 -. 6 -14.28 -3.84 16.92 83.52

2,4 DNT-NG -3.9 -7.86 6.6 8.64 18.12 68.76 --139.68

NG-NDPA 12.84 25.26 15.96' 13.08 -66.96 -87 166.14

EC-NDPA -4.62 -61.56 11.82 -34.44 -47.04 -. 6 518.4

SEC-DPA 0 -57.6 11.82 -23.28 14.52 4.92 684.36

NDPA-DPA 4.62 3.96 0 11.16 61.56 5.52 165.96

DPA-DPP 50.1 84.6 -2.46 92.28 -60.72 1-42.6 -533.3 1

- TABLE IV. GUNPOWDER A ANALYSIS

Nitroglycerine 11.421 + .057

iDlT .354 + .001

NDPA .327 + .009

DPA .652 + .008

2-NDPA .069 + .001

DBP 1.980 + .002

TABLE V. GUNPOWDER B ANALYSIS

Nitroglycerine 46.4 + .7

DKTT .234 + .002

NDPA .294 + .003

DPA .054 + .001

2-NDPA .050 -+ .000

SDBP .115 ± .004

g8
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TABLE VI. GUNPOWDER C ANALYSIS

Nitroglycerine 6.649 + .007

DNT .067 + .006

NDPA .264 + .003

DPA .243 + .004

EC .535 + .001

2-NDPA .098 + .001

DPP .592 + .001

DUP .043 + .002

TABLE VII. B COEFFICIENTS FOR PROPELLANT FOR PAIRS OF INGREDIENTS

B1 B2 B3 B4 B5 B6 B7

S1-2 BTTN-NG -3.24 -5.54 -12.72 -5.76 24.48 9.6 -20.7

1-6 BTTN-4-NDPA -6.42 -3.12f -15.36 16.68 9.24 -55.92 -26.1

"1-8 BTTN-DEP -. 9 6.36 -18-72 .12 10.2 -76.08 34.74

2-4 NG-N-MNA -3.08 2.28 -2.64 22.44 -15.24 -65.52 -5.4

2-8 NG-DEP 2.34 11.76 -6.0 5.8& -14.28 -85.68 55.44

3-4 MNA-N-MNA 2.1 1.92 5.64 21.72 -7.56 -2.88 -85.14

3-8 MNA-DEP 7.62 11.4 2.28 5.16 -6.6 -23.04 -24.3

4-8 N-MNA-DEP 5.52 9.48 3.36 16.56 .96 -20.16 60.84

ZI
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VatervlIet, NY 12189

Commander
-Wtervliet Arse-nal
ATYD: SARVWQ&-S, Mr. S. Irupski
Watervliet, N! 12189

Comander
Watervliet Arsenal K
ATTN SARW -PIP,MrR.cab

Watervliet, N! 12189-I Comander
U. S. Army Armament -R&D Command
ATf!1 DRDA-QAS-!A, Mr.. Geza Pap-
Dover, NJ 07801

-Comander
AIRA CGI, Edgevood Area
ATM~ UDIAR-wQAC-K-, Dr. V. J., Neurits
Aberdeen Proving Ground, MD 21005

Comander
U. S. Army ktilck R&D Command
ATTN. DRDFA&--E, Mr. R . F. Levell
Kansas Street
lbtiek, NYA 01760
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Commander
U. S. Army -stick R&D Command
ATTN*. DRDNA,-EKL, Mr. F. Civilikas
Kansas Street
Natick, M& 01760

Comander
U. S. Army Tank-Automotive Command
ATTN: DRSTA-Q, Mr. L. Barnett
Whrren, MI 48090

Commander
U. S. Army Tank-Automotive Command
ArrR: -DISTA-Q'AT, Mr. D). Gamache
Warren, MI 48090

Commander
U. S. Army Tank-Automotive Command
ATTW. DRSTA-QAT, Mr. N. Reck
Warren, MI 48090

Commander
U. S. Army- Tank-Automotive Command
A!TTN DRSTA-QAT, -Mr. C. Kedzior
Wrren, NI 48090

Commander
U.i i. Army Tank-Automotive Command
ATTN: DISTA-RCK, Dr.. J. Chevalier~
Warren- MI 48090

U. S. ftrm' Tank-_Autom~otive- Command
Aft* IRS!A-RCK, Mr. S. Goodman
11arron, -MI 48090

doosader
-.$.Army T-nIW-utCosoive Command

j ATT3b- IqStk-RM, Mr. D. COtberg9
Ratken, MI 48090-

U. S.Arty est Rvaliaation Command
ATTh. UIRSTE-AD-t4, I. G. Sheldon
Xberizoct~:~ Cround. ND) 21005

Comaander 7I U. 'S. AzyTe t Eatuation Command
-ATTbM DSTK-'AD-Mj Mr. KR. Ikaddleston-

Abrdeen Proving (koqund, MD 21005
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-CommanderI
Pine Bluff Arsenal
ATTN: SARPI-mQA, Mr.- T. L. Ashcroft
Pine Bluff, -AR 7161-1

Commander
Rocky-Mountain Arsenal ~

-Comerce City, CO 80022

Commander
Rock Island Arsenal
AlTib SARRI--QA, Mr. W. J. Betts, Jr.
Rock Island, IL 61229

Commander
Mbeirdeen -Proving Ground-
AT~TN STRAP-C, Mr. C. Ilarich-
Aberdeen Proving Ground, WD 21005

Commander
U. S. "ry Electronic-Proving Ground
ATTN: STEEP.-MT, LTC Melvin Fowler
Fort Bauchuca, AZ 85613

Commander
U. S. Army Dugvay Proving-Ground
AWN: STEDP-PO-Q
-Digway, UT 84022

Commander
b. S. Army Jefferson Proving-Ground
AT[-N StMJ-TD, Mr. -1. K. Peterson.
Madeison, IN 47250

Commander
U. S. AM~ Yosae Proving -Ground
-ATTN: STEYP-WTD, LTC I._ Gill'gar
Yma, AZ -85364

Commander
U. -. Army- White Sands Missile -Range
ATETN-. STEWS-QA, 14r. G. P. Bigelow-
%iite Sans issile Range, MN 8802'

Commander
USArmy Tropic test Center

AWNI: STUTCii h2-Miami, FL 34004
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U.S. Army troop, Support and Aviation -Materiel 1

ReAdiness -Co~mand
ATT It. DRSTS-Q, Mr. W. G. Cr~eel
4300 Goodfellow Boulevard
St.- ouis, PfO 631-20

Pomander1
Anniston Army -De-pot

AnnIstonu AL 36202

Commande~r

LetterkinnAy Army Depot
ATT&b SDSLE-Q, Hr. V. J. Walker
Chambersburg, P -A 17201

Comander .
Now Ombow13nd: Army Depot
ATTN: SDSHC-Q. Mr-. A. T. Holdetbach
IFt- Oimberiand, PA 17070

Comander1
Rel Rivet Array Depot
ATUN SDSR-Q, Wr. V. D). Vuertz
TexatkAmA, 'q 75501

Commander
Iii~on-~ueGrases Activity

Lxtxuatooa, 0 4051-1

Coman~er
Zaeramento Army Depoi
-ATTN-. SDSSAs-Q, 't. -C. H. -Cl&V9,o
Sacrar..jrtd, CA950

comander1
SevaiuA -&rmy -Depot
ATTW: SDSSV-VE, LTC PE.Jaucs
Savanua V4 61074-
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Saecai Army Depot

Afl & SDSS-R., Hr- P. W. Chavez
Roaulua&,, N! 14541

-Sharp. Army Depot
ATNn: -SDSSH.-Q, Mr. X. E. Seyfried
lAthrop, CA, 95330

Commande'r
-Sierra Ary _Depot

1TT4. SDSSI-QA, Hr. L. B. taupe

'focele Armýy Depot
AITIf SDSTE-QA, Hr.o R. M. Rich-
Tooele, IN 84074

Commander
Pueblo Depot Activity
hflh -SDSTE-PUG, Mr. P. S. Coen

A Pueblo, CO 81001
Commander 5
Deifense Technical Information Center
C-amrmn Station, Bldg # 5-
50I -uik ft.

Alexandria, VA 22314

USA f'o-reigan Scienoce &Tecb -rkter<ii220 7th St. 22*1.

Off ice of Depulty Chief of Stitf .
forResearch-, PDevelo _-ent &Acqý.

&TTN-: DAHA--ARZ-E
DANA-CSS

Wishingtonj -D.C. 20310

Gommanmlr
Akrmfy Research Of fice
ATTN: Dr.- Mayer

Mr. J. Jo Murray
P.O. Box L-2-1-1

A,--ff Resea-rch Triadgle Park-, NC 27709
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Chemical Propulsion Information Agency 1
John Hopkins UniversityI ~John Hopkins Md
Laurel, -MD 20810

J ~Comander
Tobyhan -na Army Depot

ATrNM SDST0-(, Mr.-W. J. Lord
Tobyhanna, PA 18466

Director 1
U. S. "ry Industrial Base Eng. Activity
ATTN: DRXIB-4fT, Mi. -D. Brim-
Rock Island, IL 61299

Director
Army Materials and Mechanics Research Center
ATTN: D.MRM-STQ- 5

DUNK-FL 2
-Watertown, MA 02172

'Coander
U. S. Army-Missile Command-
ArrN M DRSMI-RPT 1

DRSMI!-LP 1
FDRSNIw-RPR 15L -Red'stone Arsenal, AL 358981

-Commander
US Army Materiel Systems Analysis Activity
ATrN.t DNXSY-iIP
Aberdeen Proving Ground, MD 21005
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