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Solid Rocket Propellant Residues

Composition and Removal

Abstract g
Solid propellant ¢ombustion products resulting from firing 2.5 ineh rockets

materials; and magnesium or magnesium oxide. Twenty-nine materials wvere
tested to determine their effectivity in removing heavy combustion product
deposits. Three of these materials, Rocket Cleaners X2-6, ¥2-9 and X2-11,

suitable for effective and thorough combustion product removal.
Reference: Kruse, G. N., Keller, E. E., Sutherland, W. M.,
T "Chemical Analysis and Removal of Solid Rocket
Propellant Residues," General Dynamics/Convair
Report MP 59+204, San Diego, Californmia,
2 November 1959. (Reference attached).

Ry 1120 (REV.I2/6N

manufactured by Rocket Chemical Company, San Diego, California; were found
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CONVAIR PAGE 1

ANALYSIS. me o aevites eesartn rases TAY

pPREPARED BY G. N. Kruse san DGO REPORT NO.  MP=539-20%
cHECKED 8¥ W. M. Sutherland MODEL F-102
REVISED BY  BATE 1ll-2-59

Piring of the 2.5 in. rockets from the doors of the F=102 results in deposits
of #60lid propellant combustion products being formed in the rocket tubes, on
tln tube doors vhich contain the firing mechanism, and on adjacent areas of the

As these deéposits accumulate, the bore of the tube becomes smaller until this
becomes hazardous. In the presence o6f moisture the deposits become electrically
conducting, causing electrical insulators in the firing mechanisa to have a low
resistance. This electirolyte could also cause excessive corrosion.

QRJECT:
A. To chcii . /ze the 8o0lid rocket propellant residues i;mlti:)s from
the firf otmcketirxwt::edocrsornozurcrm

-

A. The rocket residues are composed primarily of carbon, various orgsnic materials, |

and magnesium, and/or megnesium cxide.
B. The cleaners judged to be the most effective are listed in Table III.

bfon m of thc aolutionn ,wh:lch are etfect:lve in removing the mckot midne

. were mmlnhodwm Bervice wneerhu Gmup ror te.ting maoorlmnbrl-
cated from 70758 and 20248 aluminum alloys with firing pins of stainless steel.
mmmmnmpmmmmmmmmnm
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PREPARED By G. N. Kruse 3AN 0IEGO RERORT !O M= 59-204

CHECKED BY W. M. Sutherland MODEL F=102

REVISRD BY 7 o e BATE 132?9
Qualitative spectrogrephic analysis indicated the presence of magnesium,

aluminum and copper vith traces of tin, iron, silver, cadmium, lead and
z2inc.

Qualitative chemical analysis indicated the presence of carbon. Quantitative
chemical analyeis of the residue for magnesium indicated 4.5% megnesium.

The residue, which undoubtedly, i a mixture of decomposition products of
the initial solid pmpellant, showed a well defined infrared spectrum. A
sharp absorption at 2080cm~l indicated the presence of an azide group &s
this absorption is most probably due to the etritching frequency of - N:N:=N-.
The sample also showed an absorption at 2175ecm™ which is most probably
attrituted to an alkyl isonitrile and possibly an ethyl isonitrile group of
the atmcture Cofi5-NsC. These two sharp absorption bands appeared to be the
08t readily identified and most meaningful.

Restdue

A cleaner for the rocket residue should meet the following specifications:

l. Remove residue with mini~um concentration.

2. Have pour point of =65°F or lower.

3. Be relatively non-flammable. ,

h. Be relatively non-toxic (both vapors and liquid).

5. Not soften finish.

6. Be non-corrocive to aluminum or steel.

T. Evaporate in air leaving little or nmo residue which would be conductive
with moisture.

8. Mon-conductive in 1liquid ptase.

9. Rinse off with minimmm of other solvents.

10. Not to be too expensive.

To test the effactiveness of various cleaning materials, the following screen-
ing tests were used.

1. Removal o2 Residue

The cleaner was placed on the specimen by means of a stirring rod and
allowed to remain for a maximum of five minutes and then was removed
by wiping the specimen with a piece of cheesecloth. Results of these

tests and the names of cleaning materials evaluated are listed in Teble I.
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PREPARED BY G. N. Kruse SAN DIIGO on. P10
CHECKED BY . M. Sutherland MODEL F=10c
M. Sutherland DATE 11-2-59

RIVOOID .Y

3.

and sutmerged in an isopropyl alcohol and dry ice bath.

PROCEDURE & RESULTS: (Continued)

s for Removing Residue (Cont'd)

erature Tests

About 150 ml of the cleaner veing tested vas placed in a 250 ml beaker
_ A calibrated
‘thermometer was placed in thé cleaner to measure the temperature of
the cleaner. The cleaner vas observed for viscosity changes, precipi-
tation or solidification. Only those materials which readily removed
the rocket residues were tested for their low tempersture properties.
Test results are listed in Teble II.

Klectrical Conductivity Properties

The cleaner being tested was placed in a conductivity cell rinsed with
the cleaner. The electrodes were placed in the solution and allowed
to remain for two minutes before the readings were taken. An chumeter
wvas used to read the ohms Of resistance of the cell. Test resilts are
1isted in Table III. The results tabulated are only comparative in
choving the differences between the various cleaners.

Data from which this report was prepared are recorded in Baterials &
Processes Latoratory Notebooks, Nos. 3022, 3037 and 3047.
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9.
10.
u.
12,
13,
1k,
15.

16.

17.

18.
19.

Cleaner

Results ___

1 grem chromic acid dissolved in 100 ml alcohol
3 grams citric acid dissolved in 100 ml alcohol

20 ml glacial acetic acid in 80 ml trichoroethylene

WD=40, manufactured by Rocket Chemical Co., Sen Diego

Oekite Composition #56

No cleaning action

” "n n
Removed residue with
rubbing

No cleaning action

Oekite Composition #117, manufactured by Oakite Products

Co., New York 6, New York

5 grams Phenol dissolved in 100 ml alcohol

20 ml glacial acetic in 80 ml alcohol

TEC 80712 ) manufactured by TEC Chemical Cos
) 524=S. Monterey Pass Road, Monterey

Rocket Cleaner x2-6 )

Chemical Company, Sen Diego,

Rocket Cleaner x2-11 ;

Rocket Cleaner x2-9 )

Carbon Disidfide
Methylene Chloride
Triethanolamine

Hydrogen Peroxide

Fepthenic Acid

Benzoic Acid in Alcohol

California

Aminoacetic Acid in Alcohol

Slight action on surs
face

Removed surface
residue

residuée with hard
rubbing.

All three products
removed residue
effectively and
completely.

Ko effect

Soften surface of
residue

No effect

romw is1s =y
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REPORT NO. NP-59-20%
mopEL F-102

Butyl Aleohol
Ethylene Formate

Aceto Acetic Ester

29, M " " "

unless othervise specified.

5% Phosporic Acid in Alecohol

Iso Propyl Alcohol

TABLE I (Continued)
,,,,,, — Cleaner , - _Results

No effect

Soften surface of
residue

Soften surface of
residue

Soften surface of
residue

Soften surface of
residue

Removed surface of
residue

Softened surface of
regidue

Softened surface of
residue

Removed surface of
residue

The alcohol used vas a denatured alcohol composed of 95% Ethanol and 5% Methanol

_DATE 11.2-59
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PREPARED BY G. N. Kruse san 0iEGO REPORT NO. |P=53+20%
CHECKED BY /. M. Sutherland MODEL F-102
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REVISEO BV _bare 11-2-59

Only those mixtures that removed the residue were tested.

__Cleaner Viscosity at =54°C (=65°F)

20 ml Glacial Acetic Acid in 80 ml It pours freely = not viscous
alcohol

TEC:807-12 White precipitate formed on bottom
and sides of beakers at -30°C(-22°F)

TEC=-901D White precipitate formed at =45°C
(<49°F)

Rocket x2-5 Will pour at ~54°C (=65°F)
Rocket x2-9 Will pour at =54°C (=65°F)
Rocket x2-11 Will pour at <54°C (-65°F) *,

20 ml Glacial Acetic Acid in
Trichloroethylene Taickened at =25°F,

* The least viscous of the three rocket products.
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i ————— i —— L

The electrical resistances vere as follow:

20 ml Glacial Acetic Acid in 3.5 x 105 otms
80 ml Denstured Alcohol

Denatured Alcohol# 1.8 x 105 ohme
Rocket Cleaner X2-9 1.8 x 103 ohme
Rocket Clesmer X2-11 1.9 x 103 ohms

wvas tested and included as a reference for measuring
conductivity.
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