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Report No. 8926-106

Materl - Corrodents and Corrosion Products
Solid Rocket Propellant Residues

Composition and Removal

Abstract

Solid propellant combustion products resulting from firing 2.5 inch rockets
from F_-02 airplanes Vere found to consist of carbon, various organic
materials, and magnesium or Magnesium oxide. Twenty-nine materials were
tested to determine their effectivity in removing heavy combustion product
deposits. Three of these materials, Rocket Cleaners X2-6, X2 9 and X2il,
manufactured by Rocket Chemical Company, San Diego, California, were found
suitable for effective and thorough combustion product removal.

Reference: Kruse, G. N, Keller, E. E., Sutherland, W. M,
"Chemical Analysis and Removal of Solid Rocket
Propellant Residues," General Dyamics/Convair

Report M 59-204, San Diego, California,
2 November 1959. (Reference attached).
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PFRPAR9D BY 10. V- Kruse SA siooRPOR N6. MIP.59..204

CHRCKED MY W. 14. Sutherland ODEL F-102
RECVISED BY DATE 11-2-59

RAmovl- -of- Solid -Pocket
ZKOR111t RASIdues - -102

Firing of the 2., 5 in. rockets frmthe doors of the P&102 results in deposits
of solid propellant combustion products being formed in the rocket tubes, on
the tube doors which contain the firing medhanism, and on adjacent areas Of the

As these deposits accumlate, the bore of the tube becaoesmaller until this
beomes; haardous. in the presence of soisture the deposits become electrically
cooducting, casing electrical Insulators in the firing meschanism to have a low
resistance. this electrolyte could also cause excesive corrosion.

A. To chooically anailye the solid rocket propellant residues resulting from
the firing of rockets frmt!7. doors of 1102 aircraft.W

11. To develop and test a suitable cleaner to rive the rocket residues flom
the rocket tubes and firing mechanism.

A. The rocket residues awe coqloed primriy ofcrbon, Various organic steriLs,,
-~siume, andlor aneim oide.

B. fte cleaners judged to be the most effective are listed In Table Mn.

hfbr - a of the solutions ,vtich are effective Iz rwwvInthroktesd ,

awe tested on service aircraft, further qualification and devalopant teoting
should be cooducted.9 to insure that the cleanrare ot injuriLos to meta, finishp

socket mat Doors (part wo. 8-54598). heavily coed with a burned-on rce eiu

were furnsd br the Service Ininering Group for testing. The doors were fabri-
cated from WM7j and OftI alwimm alloys with firing; Pins of Stainless Steel.
one Gaskets insAUain the firing pins from the rocket weae nod from Teflon.
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PRE[PARCD (BY G. N. Kruse SAN 01166 mookot mO. 1'r592o4
CHECCKIbS Y We Mi. Sutherland OUk42
RVIDED my 32- 1-2-59

PROCEOLN- E8LTB

A. Ana ofi Residue

Quaitative spectrographic analysis indicated the presence of masitu),
alinum and copper with traces of tin, iron, silver, cadziu, lead and
Zinc.

Qualitative chemical analysis indicated the presence of carbon. Quantitative
chemical analysis of the residue for magnesiumn indicated 4. 5% Magnesium.
The residue, which undoubtedly, is a mixture -of decoqosition products of
the initial solid propellant, showed a well defined infrafed uetin A

4 ~sharp absorption at 2080 cil indicated the presence of an azide goup as
this absorption is Most probably due to the str tchin- frequency Of - NzNzN
The mosle also showed an absorption at 2175c7 which is most probably
attribted to an-alktyl, I sonitrile and possibly an ethyl isonitrile group Of
thme structure C2H5--C. These two ohs*~ aborption bands appeared to be the
most readily id.iie ' most meaningful.

B. Claes o! Residue

A cleaner for the rocket residue should meet the, folloing specifications:

1. Remove residue with min1tium concentration.
2. Rave pour point of -65*P or lower.
3. Be relatively non-flammable.
Ii. Be relatively ncn-toxic (both vapors and liquid).
5. Not soften finish.
6. Be non-corrotive to aluminum or steel.
7. Evaporate in air leaving little or no residue which would be conductive

with noisture.
8. Ion-conductive in liquid phase.
9. Rinse off with Stilni of other solvents.

10. Not to be too emcpqsive.

To test the efftoctiveness of various cleaning mterials, the following screen-
Ing tests were used.

1. Removal of Residue

The cleaner was placed on t -he specimn by means of a stirring rod and
allowed to remain for a mamam- of five xmntes and then vwas remved
by wiping the specimn with a piece of cheesecloth. Results of these
tests and the unms of cleaning materials evaluated are listed In Table 1.
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PREPARD BY G.S N. Kse -AN bIeOO REO NO, le-5
CHECKEo BY W6 M. Sutherland ODSL 2
REVISED S DE 11-2-59

MtC M&EU : (Continued)

B. foraRr - Residue (Cont'd)

2. o Tewrature Tests

About 150 m! of the cleaner "being tested vas ple.ced in a 250 l beaker
and subberged in an isopropyl alcohol and dry ice bath. A calibrated
thermomewter Vas placed in the cleaner to measure the ten~rtUte of
the cleaner. The cleaner was observed for viscosity champs, preotipi-
tation or Solidification. O0ly those materials wh ch readily mved
the rocket residues were tested for their low touerture properties.
Tegt re-ul-ts are listed in Table II.

3. Electrical 0ondctivity Mpgi~~t

The cleaner being tested vas placed in a conductivity eell rinsed Vith
the cleaner. The electrodes vere placed in the solution and allowed
to remaimn for two minutes before the readings Vwre taken. An ohmeter
as use to read the oha of resistance of the ce.U. Test results e

listed In Table In. The results tabulated are oaly comparative la
shoving the differences betwme the various clmers.

NOMn: Data from which this report vs prepared are recozded :in fbteriaLs &
Processes Laboratory Notebooks, Bos. 3022, 3037 - _07.

ra" t
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PREPrAREDt &Y 0. 3. Kruse $Aki DIEGO REPORT No. 1TI459-9011
CHEcKED SY W. M. Sutherland MODEL. F-102

RIEVISID MYDATE 1-Z-59

Cleaner-___________

1. -1 ftam chromic acid dissolved in 100 raml choJ. NO cleaning action

2. 3 gram citric acid dissolved in 100 al alcohol t I

3. 20 ml glacial acetic acid in 80 ral trichOroethyl-Ame Removed residue with
rubbing

4. WD-40, manufactured by Rocket Chemical CO., San Diego No0 cleaning action

~.Odkite Composition #56

6., Oakite Composition #327, manufactured by Oekite Pr~oducts
Co., New York 6, Neu York

7'. 5 grfts Phehol dissolved in 100 rlalcoo Sigh cin ns
-face

8. 20 h! glacial acetic in 80 ml alcohol Removed surface
residue

9. TIC 807-12 )man)fatured by TBC Chemical Co. Slightly recioved
)524-4. lbibnterey Pass Road, Monterey residue with hard

10. T"C 901-D )park, Calif.6 rubbing.

U.. Rocket Cleaner x2- 6  )All three products
)manufactured by Rocket removed residue

12.RocetClenerx2ll Chmial Conpany, San Diego, effectively and
) California completely.

13. Rocket Cleaner x2-9)

14. Carbon Dislulfde No effect

15. Methylene chloride

16. Triethemnlamne

17. H~d-rogen Peroxide Soften surface of
residue

18. Napthenic Acid No effect

19. %enoic Acid in Alcohol it

20. Aminoacetlo Acid in Alcohol I I

i o ol-
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PetREPARED by G. N. Kruse SA cFtaRPORT No. 759204
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TA=L -I (Continued)

21. Butyl Alcohol No effect

22., Ethylene Pomnate Soften surface of
residue

23. Aceto Acetic Ester Soften surface of
residue

94&. 5%Phosporic Acid in Alcohol Soften Surface Of
residue

25., %" Soften surface of
residue

96-. 2D% Removed dutface of
residue

27. 5% to" Iso Propyl Alcohol Softened Surface Of
residue

28. 3.0% ' " Softened surface of
residue

29. 20% " Removed surface of
residue

The alcohol used was a denatured alcohol couposed of 95% Ethanol and 5% Methanol
unless otherwise specified.



ANALYS1S CO0N VA IR PAGE
PRPRD1YG 1 rs A N U ROO REPORT NO. >:-59-204

CHRCED § W.Y. StherandMODEL F-102
REVISED By DAtE 11*2&59

T~ MII __
1W TDTAUOflE -T

Only those mixtures that remo~ved the residue were tested.

-Cleaner- Vi stYt -i4c -F)

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

TBM.807-l2 White precipitate formed on! bottom
and sides of beakers at -306C(-2)

M&C901D White precipitate formed at -450C

Rocket, x2f- will pour at s540C (-65 0r)

Rocket X2i-9 will pour at -540C (w657)

Rocket x2-l2 will pour at -w-$46 (-65* F)

20 ml Glacial Acetc Acid in
Trichloroothylone 7hickened at -25'?.

*The leost viscous of the three rocket products.
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PREPAngD my,4 G. RE rseUIEOmPORt No. IW.-59.204
CHEKEDBY . K 8uheraa~MODL F-102

AEVID IN DATE 11-2-59

Se electrical resistances wre asfblmu

2D al lacial Aetic Aeld 19 35 x O 5 okes

80. ml-Dotured Alcohol

all"ttred Alcohol* 1.8 x 1.0-6 ab

Rocket Cleaner Z2-6 1..5 x 103 ow

locket Cleaner 19-9 1.8a x 1,o3 o"

locket Cleamsr 1-3U 1L.9 x 103 om

*Alcohol by itself vw not effective s a clam: but
was tested -k included as a refenme for .amwl.Ma
0o06uetivity.
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