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FOREWORD
This report presents the results of gas-liquid chromatographic determinations of methyl centralite and diphenylamine in 20-mm gun propellant as of
15 October 1966. These results may be modified by future work. The Naval
Ordnance Station, Indian Head, performed this work, which was done for the
Ships Parts Control Center, Mechanicsburg, Pennsylvania.
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ABSTRACT

V

Thisa report presents a rapid procedure for precise determinations of both
methyl centralite (MC), also known as dimethyldiphenylurea, and diphenylamine
(DPA). The sample is extracted with methylene chloride, removing the MC and
DPA. The extract is blown to dryness with dry air, dissolved in ethylene
dichloride, and analyzed on a Perkin-Elmer 226 Flame Chromatograph.
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INTRODUCTION
Gas-liquid chromatography (GLC) separates similar substances by a
process of differential migration. An inert, mobile gas phase carries the
sample to be separated and analyzed through a thermostated column containing
a liquid phase held immobile by a solid. Either gases or the vapors of liquids
may comprise the sample carried by the inert carrier gas.

DISCUSSION
The 20-mm gun propellant presently conttains both methyl centralite (MC),
also known as dimethyldiphenylurea, and diphenylamine (DPA). MC reduces
gun-barrel corrosion, thereby increasing the barrel life of the gun. DPA
stabilizes the propellant and increases its storage life by absorbing the gaseous
oxides of nitrogen formed as the propellant decomposes naturally. For these
reasons appropriate amounts of both MC and DPA are required.

-

Since experience shows that 5.0% to 15.0% MC (by weight) and 0.50% 1 0.05%
DPA (by weight) give optimum propellant performance for 20-mm guns, the
amounts of MC and of DPA should fall within these limits.
Presently the 650 C oven surveillance method is used to test the stability
of gun propellants. A 45-gram sample is tightly closed in a bottle and placed
in a 65 ° C oven; emission of nitrous oxide fumes indicates that the propellant is
no longer stable. This surveillance method results in accelerated aging and is
now used to predict the safe life of gun propellants. However, in addition to
this qualitative surveillance method, the propellant industry desires a quantitative surveillance method which is both reliable and accurate. Since the
available method of ultraviolet analysis does not meet the desired standards,
this laboratory investigated quantitative analysis by GLC. Infrared analysis

for MC was also studied, but it does not analyze for both components as does
GLC.
Since VC melts at 1200 C, and since DPA melts at 53 C and boils. at
302" C, GLC analysis for these compounds should be carried out at a minimum
column temperature of 250" C. An Apiezon L column was chosen to wihtam,
this temperature. A helium pressure of 40 pounds was chosen empirically. A
column of 5-foot length and i/8-inch diameter packed with 15% Aplesen L cm
Chromasorb W was chosen for optimum reproducibility and resolution.

Sm"
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The experimental procedure is simple. Weigh accurately a 5.0 + 0.1-gram
sample of 20-mm gun propellant and transfer the sample to an extraction thimble.
Using a Soxhlet extraction apparatus on a steam bath, extract the sample for
24 hours with methy' ne cLIoride. Evaporate the extract to dryness with a
stream of dry air. Transfer the residue with ethylene dichloride to a 25-ml
volumetric flask and dilute to volume.
Prepare standards in 25-ml volumetric flasks containing both MC and DPA
diluted with ethylene dichloride where the MC concentrations are ten times
greater than those of the DPA (Table I). Inject the standards and samples into
the chromatograph using the conditions given below.
Apparatus-

Perkin-Elmer 226 Flame Chromatograph
(or equivalent)
Helium pressure: 40 lb
Flow rate: 5.0 ccHe/min
Column: 5-ft length, 1/8-in. diameter, packed with
15%Apiezon L on Chromasorb W
Temperatures:
Block: 3000 C
Column: 250* C
Detector: 190" C
Attenuation:
DPA: 1O00X
5000x
MC:
Sample size: 4 1l
Stream splitter: Open position with a restrictor ratio
of 1:300
Graphical treatment of data: Peak height plotted versus
concentration for a standard curve
Retention times:
Ethylene dichloride: 10 sec
DPA: 2 min
MC: 2.5 min
Both GLC and Infrared analyses for MC were conducted on six samples of
an actual 20-mm gun propellant (the six "plant" samples). These same samples
were also analyzed for DPA by GLC. In addition, to test the applicability of
OLC to these analyses over a range of MC and DPA compositions, a series of
compounds (the synthetic samples) having varying amounts of MC and DPA
were prepared and analyzed.
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Table I
CONCENTRATIONS OF MC AND DPA IN
STANDARD SOLUTIONS

_

_

MC
(mg MC/ml)

DPA
(mg DPA/ml)

4

0.4

2

6

0.6

3

8

0.8

4

10

1.0

5

12

1.2

Standard solution no.
1

RESULTS
Infrared and GLC analyses of MC in the six duplicate plant samples agree
within experimental error (Table II). GLC analysis of the DPA in the same six
plant samples showed that the DPA composition of these samples was within
specification (Table II). Since DPA cannot be ai'- lyzed by the infrared method,
the accuracy of the GLC analysis for DPA cannot be supported as is that for the MC.
However, the GLC analysis for both MC and DPA in the synthetic samples
verifies the accuracy of the GLC analysis (Table. III). The percent by weight of
MC and DPA found by the GLC analysis in the synthetic samples agrees with the
known percentage of these samples.
CONCLUSIONS AND RECOMMENDATIONS
These studies indicate that GLC is sufficiently precise, accurate, and
simple to quantitatively determine MC and DPA in oven surveillance studies.
In addition, usefulness of GLC in general surveillance studies should increase,
since it can be adapted for routine use on other smokeless powders.
In future work, amounts of DPA and MC degradation products will be
determined by GLC.

3

TMR 246

Table 11
ANALYSIS OF METHYL CENTRALITE AND DIPHENYLAMINE IN
-V

SIX PLANT SAMPLES

Sample no.

MC analrsis
Infrared analysis GLC analysis

DPA analysis
Infrared analysis GLC analysis

(% MC by wt)

(% MC by wt)

(Y DPA by wt)'

(% DPA by wt)

4900 A
4900 B

5.50
5.45

5.45
5.50

None
of

0.48
0.49

4998 A
4998 B

5.00
4.90

5.20
5.30

,

0.47
0.48

4999 A
4999 B

5.00
5.00

4.85
5.00

5024 A
5024 B

4.95
4.95

4.70
5.05

it
i

0.46
0.45

5025 A
5025 B

4.65
4.70

4.70
4.80

is
if

0.46
0.47

5073 A
5073 B

5.00
5.05

5.10
5.30

to

0.50
0.51

0.50
0.51

SNo infrared method available for DPA analysis.

Table III
-

'

:ANALYSIS

FOR METHYL CENTRALITE AND DIPHENYLAMINE IN
THE MC-DPA SYNTHETIC SAMPLES

,,_____

Sample no.

Synthetic
Synthetic
Zynthetic
Synthetic
Synthetic

1
2
3
4
5

addedade

% MC (by wt)
found by GLC
analysis

%DPA (by wt)

% DPA (by wt)
found by GLC
analysis

6.12
8.92
11.40
7.30
11.70

0.47
0.90
0.59
0.73
0.80

0.43
0.85
0.56
0.73
0.80

6.33
9.28
11.22
7.00
11.(10

4

%4+

;

'

:

?

...

I.-

UNCLASSIFIED
Security ClassiftcationDOCUMENT CONTROL DATA - R&D

(Security clas~ificAim, at tifte bodo a#ast#**# am!d huindeg Annotatin must be entered when OW.siewli report is elessifisi)
I ONIGINATIN 0 ACTIVJITY (Cosatmo ther)
to. REPORT SECURITY C LAUSIFICATION

Na
T'val
Ordnance Station
Indian Head, Maryland

Unclassified

_____

2b GROUP

3 REPORT TITLE

GAS CHROMATOGRAPHIC DETERMINATION OF METHYL CENTRALITE AND
DIPHENYLAMINE IN 20-MM GUN PROPELLANT
S. AUTHOR(S) (Last nae. firei nae.

Initial)

Alston, Percy L.,I Den Hartog, Laura J. , Oesterling, David H. , and Shafer, James E.
G.REPORT DA Tit7.TELN.O
7 December 19664
Ga. CONTRACT OR GRANT NO.

AE

6

o

rmp

9&. ORIGINAT@R'S REPORT NUMISIER(S)

Technical Memorandun Report 246

b, PROJECT ow

a. Not applicable.

wyb

9. ZTNAy.,i~Ue

sie

10. A V A IL AUILITY/LINITATION NOTICES1

Qualified requesters may obtain copies of this report from DDC. Foreign
announcement and dissemination of this report by DDC is not authorized.
11.

SUPPLEMENTARY NOTES

It. SPONSORING INLITARY ACTIVITY

Naval Ordnance Station
Indian Head, Maryland
IS.

ABSTRACTI

This report presents a rapid procedure for precise determinations of both
methyl centralite (MC), also known as dimethyldipheny~urea, and diphenylamine
(DPA). The sample is extracted with methylene chloride, removing the MC and
DPA. The extract is blown to dryness with dry air, dissolved in ethylene dichloride,
and analyzed ani a Perkin-Elmer 226 Flame Chromatograph.

DD

IPfG"L1

473

u

t.LINK

A

KEY lONS.

0116

LINK C

LINK 9

SI

W

OK

W

Chemistry
Chromatographic analysis, Gas-liquid
Quantitativt, a~nalysis

Frapellgqt, Gulin,
.
Stabilizers
Methyl Centralite
Dipbenylamine
Surveillance

1. ORIGINATING ACTI iTY: Eater, the %am
aend dM a
of ~~~~
~
~
~
2a, REOR CIICMY CLf
MPCO
Enter@ theor"Restricted Data" La incldedI MAlrking is to be in accord.rpr
once With appropriate sacurity regulations.
2b. 3R0'P
dongrdin
utoati isspe~fid iDoDDi-this
rect Lye 32MO 10 end Armed Fore Industu"a MwaL Enter'Salrqus
the group numbier. Also. v:Iwn applicable, show that optional1
markings have been used for Group 3 and Group 4 as author%Red.

3. REPORT TTrLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclasstiflotd
If a aweninglul title cannot be selected without clasaifics.
aion, show title clossificaticst in all capitals in paethesis
ammetdiately following the title.
If appropriafte. aor the type of
4. DESCRIPTVE NOTEU
ieport. a. a., inaterim. proress. sumay amod of ft
Give the inclusive dates when a specific reporting period is
covered.
5. AUflHO()c Eoter the sme(s) of authov(s) ansShow on
or in the report. Elow Iesm earn. first some. middle InitiaL
If stilitery. show rash end beachi of service. The saae of
the principal author is an shooluta minimum requirment*.
6. REPORT DATE. Eator the date of te rapmr asdy
s
month. year. or manth. yeas If are than one dols appar
ON the report. se date of publication.
7s. TOTAL PKMBER OF PAGE& The total page coume
shold follow sorml pagination procedures. Lea. ster the
nsaba of pages coutnning tedormation,
7.
NUmErs OF REFERENCE& Enter the total
ofhg
referrentces cited in the report.
Is. CONTRAC Ir Oft GRANT NUMER If apg opriate, ester
the applicable
,nbe
of the contract or peam under wicha
The report was wtittii&
6b. ft. 6 SS. PROJECT NUWXR: Eater the appropriate
militery dwepume idencauwa. sach as Prjc
etc.ate.
Ieen teask u
subproject nmber. system
9a. ORO
IATORS WSPRT NMiER(S): Motor the effi
cial report member by whichi the douetwill be Identified
be unique to this roport
96. OTIMR REPORT NUM'IER(3)r If the report ba been
tis
assigned any other reoport e mbers (either by th
or by mhe "opeaor) also ewter this suAmbe(s)
10. AVALADLIT/LITAIDN NOICE* Eater may 11w.
itatin
tamen further dissemimetion of the report , ari thesnM

imposed by security classification. using standard atena
o~
thfcotatrtucotatrhrnteieatetsfD~
~ ~
~cpe

~ec

()"oeg
(3)

nuem
ted dissemination of this
yDCisntatoie.
14U 3. Governmrent agencies may obtain copies of
report directly fromn DDC. Other qualified DDC
og

(4)

14U. &. military agencaies may obtain copies of this

(S)

"All distribution of this Waor is coatrolled.
ified DDC use shall request through

repot directly from DDC. Other qualified vows
shal request through

Qual-

________________

If the report has been furnahd to the Office of Technical

sowvices., Department of Comimere. for sale to the public. indicate this fact and ste the price. if knowni,.

I L SUPPLEENTARY MOTZ& Use for additional euplenatory mien.
12.
PWOOtIG MILIARYACTVITY: Eater thetm.of
the dopstmeatal project office or laborstory sponsoring (paybore sad factua
giin aM
n eac
Enase"
)
13. AUtRAC

1.ABR~.Rtra

btitgvn

re

n

ata

summay of thedocumenadiceiveofthe reort evan- thogh
it ay alam appear elsewlipre is the body of the tecbmeleal report. If additional asae* is required a condonuation sheet shal
he attached.
It Is higly desirable that the abstract of classified reports
he unclassified. Each paragraph of the abstract shall end with
en Indication of the military security classification of the isflormaton in the peregipp. represented as (TS). (S). (C). or (UP.
There Isee iltatios as the length of the ahstmact. Newever, the suggested length in f(rom 150 to 225 weeds.
14
E WRS'
e
orsae ehiclymennfu em
ltm
mon
m ehial
ad
e
OA*
or shert pbees that chegeP6 4.e a rpot and may be ued as
l
entrnies far cataloging the report. May mdo inst he
elced ma that so e curIFy classificetien is Required. Identiproject code ame, geographic loeetioe. mg be sed as bey
nod but will ha followed by a Indication of techn'Cal om
tent. 7he assignest of links. tes antd le a in optioal.

