
I AD ’AO47 ‘+86 OCEAN CITY RESEARCH CORP N .1 F/S ti/Il 
~“EVALUATION OF CORROSION INHI BITOR ADDITIVES FOR AUIALIIC FLIIHT—ET C(W

NOV 77 5 A SEHRINS. D L BOolKE N6S33B—7e—C~l,4SS
UNCLASSIFIED NAEC—E NG—793O It

I~~~t

-an H



~~~~ -L~- P1 I~ L~1_ 
~~~~~~~~~~~~~

U. S. NAVAL AIR ENGINEERING CENTER
LAKEHURST, NEW JERSEY

NAEC-ENG-7930 23 Nov 1977

EVALUATION OF CORROSION

INHIBITOR ADDITIVES

FOR ALKALINE FLIGHT

DECK CLEANING SOLUTIONS

~“ \ \
~$1XITOP ?*~

I N D-MA(C—52 13/3 (REv.3/75)



~~
—

~~J j1j~ _ _

• ~ ~~~ ‘~~ — ~~~~~~~~~~~

N O T I C E

Reproduction of this document in any form by other than
naval activiti • ot authorized exce t by special approval
of the Secre he Navy or t f of Naval Opera-
lons os ap pri
he folloW espi age notice c n be di egorded unless

1~U OVrRNMENT PR!NTJN 3977 703 069/3100 2 1



NAVA L AIR ENGINEERING CENTER
L A K E H U R S T , N E W  J E R S E Y  00733

INGINUIIING DIPAITMINT (SI)
CO DE lOU T . NO. 11120

NAEC-ENG- 7930 23 Nov 1977

EVALUATION OF CORROSION

INHIBITOR ADDITIVES

FOR ALKALINE FLIGHT

DECK CLEANING SOLUTIONS

PREPARED BY u
~
t,
~
(LtL ’\

~~
_ . ~~~~~~~

Ge o A. Jr

Doreen L. Behinke

APPROVES SL_ _— Z
7 

u ?/3.~4...

~~~~~~ if 7744-
4ND-NA~C 5215’~

b.l ~~~~~~ ~~

-- -~ —‘-• -~~~~ —



~~~~~~~~~~~~~~~~~~~~~~~~~

T uR’TI 

_ _ _  

, .—

~

-- -. . “

~~

— —-. —- -. 

~~~

—-.—

. 
w

ASSIF ICATI ON OF THIS PA GE (W~i.n D*la Eni.i.d) 
___________________________________

READ iNSTRUCTIONSREPOR~FPPCUMEPIITATION PAGE BEFORE COMPLETiNG FORM
P RT uM ER 

____ 12. 
GOVT ACCESSION NO S. RECIPIENT~$ CATALOG NUMSER

4 TITLE (aid SublSU.) ~.~~~vpc_or mr~ o~ T S PERioD CoVERED

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Q~ ’ Final re~~~ J

~ tives For Alkaline Flight Deck Cleaning~ J~-’1----— -
I Solutions~ 

S. PERFORMING ORG. REPORT NUMSIR

S ?LAUT14OW(.) 
- - - 

CONTRACT OR GRANT NUMSER(.)
—S 5

~~ ~~~~~rge A./Gehring , Jr. I
S. ~~ nrs -- i--~~ r - il lS I I~~ N~~~ DDRE%S 

~~~~ ~~~~~~~~ - 76-C -~~~~~~~~~~~~~~~~

IOLO3RAM ELEMENT, PROJECT. TASK~QQr.~ex~ L~i$c~twUc~ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~ A

Ocean City Research Corporation ~‘ 
S WORK UNIT NUMSERS

Tennessee Ave . and The Bay
Ocean Ci ty, NJ 08226 _______________________

II. CONTROLLING OFFICE NAME AND ADDRESS *~~,~ EPORT DATE

Naval Air Systems Command 1)~~~~~ NOV 7fl
Code AIR-537
TJ~~~ h4 rtg~~r~n fl(~ 2flF~~1 23. ~~72.

14. MONI 1fORI RD AGEPICY NAME & ADDRESS(II dIIt.r.ne frau Ccue~scII~n1 OWc.) IS. SECURITY CLASS. ?Jru~nr

Naval Air Engineering Center Unclass if ied
Ship Installations Engineering Dept . 

~~ DECLASSIFICATIONIDOWNGRADINO
Code 912 SCNEDULE

14. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Approved for Public Release Distribution Unlimited.

I?. DISTRIUUTION STATEMENT (of A. ab.~ .cf a I f ~~ fn h ock 24. I1~~I~ raS __
~ R~~~~~~ç)( 

‘

~~~~~~

\ \ .~ ~~ ~
—

~AZ~9 ~~~~~~~~~~~~~~~~~~~
5. SUPPLEMENTARY NOTES

IS. KEY WORDS (Caifffluo en r•vi,i. .Sd. St n.co.auv aid fdaitOty b~ block nauk. ,)

Corros ion Aluminum
Alkaline Cleaning Solution Sodium Metasilicate
Inhibitor Sodium Naphthenate

—
, —--.

7 so. ASI1IIAC (C.nunu. en r .iroo .Sd. If aco.auy aid Sde.ufIfr ~v Stock naub..)

flight deck cleaning detergent specified by NAVSHIPS
Bulletin is a highly alkaline , 3% sodium metasilicate solution .
It was found to accelerate corrosion of the aluminum track
covers on the USS Roosevelt. r’~”Labora tory tests showed that sodium naph thena te at ~~~~~~

~~~~ F ORM
W 1 JAN 73 1473 EDITION ~~ I NOV ~ ~ UnclassifiedS/N 0102-014-640 1 I

SECURITY CI. A1$IPICATIOM OP THIS PAR E (mien Do.. Ldra~~

_ _ _ _ _  4- — ___ ___ s_~ ——



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — -~~ --~~~~

ri Unclassified
.i. uJ Ty CLASSIFICATION OF THIS PAGE(WP,.n Do.. tnt...d)

proper concentration inhibits corrosion of aluminum in alka-
line solutions. However, sodium naplithenate degrades the
cleansing ab ility of the metasil icate/detergen t solution on
fi~1~~~soiling mediums . Thus, it does not appear feas ible
to use sodium naphthenate as an additive in deck cleaning

NTIS Wh~~~ectj o~~~~~
’

DDC L.rt Sectlo~ ~ I
)
~ S~ I~IC~ -

P.y

r~ts I
~~~~~~~

S---
~~~~~~~~~~~ .- -.- •~‘ CIAL

Unclassified
SECURITY CLA S$Ir CAflON Or THIS PkOt(~~~.n Do.. SnI.r.d)

~ 

-.4



-- --~ - -~ - - —--

4N0.NAIC.24 5S(ft tV . 2 .US) NAEC —ENG -7930
.iai. a.. ~~ s.a PAGE j

r 1
I. INTRODUCTION

The flight deck cleaning detergent specified by
NAVSHIPS Bulletin is a highly alkaline , 3% sodium meta-

S silicate solution . It was found to accelerate corrosion of
the aluminum track covers on the USS Roosevelt. The alter-
nate solution specified is a jet fuel-detergent mixture and
is used with reluctance.

The h igh alkalinity not only provides the sodium
metasilicate detergent with its cleansing properties , but
unfortunately is the root of the corrosion problem.

Accordingly, NAVA IRENGCEN instituted a program to
identify corrosion inhibitor additives and evaluate the
effect of the most promising additive on the corrosivity and
cleanability of the detergent.

I I .  SUMMARY

Laboratory tests showed that sodium naphthenate at ‘

a proper concentration inhibits corrosion of aluminum in
alkaline solutions. However , sodium naphthenate degrades
the cleansing ability of the metasilicate/detergent solution
on certain soiling mediums . Thus, it does not appear feasible
to use sodium naphthenate as an additive in deck cleaning
solutions . There might be other inhibitor additives that
can also reduce alkaline corrosion and yet not degrade the
solution cleansing ability. However, a better approach now
appears to be to find a substitute cleaning solution .

The use of aluminum-coated steel and aluminum
alloy components is increasing on aircraft carriers. The
Navy must resolve the alkaline cleaner corrosion problem to
avoid further corrosion failures. Resolution of the problem
requires finding , testing and evaluating an inhibitor addi-
tive for the current cleaning solution or a substitute
cleaning solution which is compatible with present hardware
on U.S. Navy aircraft carriers.

L
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V. EVALUATION OF CORROSION INHIBITOR ADDITIVES FOR

ALKALINE FLIGHT DECK CLEANING SOLUTIONS

A. IN TRODUCTION

NAVSHIPSNOT E 9140 , Service Bul le t in  6634A -363 
S

dated June 2 , 1966 specif ies a hi ghly alkaline 3% sodium
met asil icat e/ =3% water  soluble detergent (MIL-D- l 679 lE , Type
I) solution for cleaning a r ic ra f t  carrier flight decks
especially around the catapult  tracks . Use of this h ighly
alkaline solution (pH~ l3) is believed to be the primary
cause of accelerated corrosion of aluminum-coated catapult
track covers onboard the USS Roosevelt. The use of alkaline
solutions to clean a i rc ra f t  on the f l i ght deck mi ght also
have contributed to the problem. While the above -referenced
bulletin specifies thorough rinsing of the cleaning solution
after washing , the rinsing procedure is inadequate to con-
trol corrosion of aluminum by the sodium metasilicate de-
tergent.

The alternate solution specified for deck cleaning
in NAVSHIPSNOTE 9140 combines JP-5 jet fuel with an oil-
soluble detergent . Because of environmental concern , the
fleet is reluctant to use the jet fuel to clean the decks
and is using primarily the sodium metasilicate/water-soluble
detergent solution or highly alkaline commercial cleaning
solutions. Widespread use of the alkaline cleaning solu-
tions threatens oth~ luminum-coated hardware and aluminum
alloy components ( Jet Blast Deflectors)  in the f l i ght
deck area.

The in- ~cate/ det ergent  solution derives its
excellent cleans.I.n~ propert ies  from its high active alka-
linity caused by addition of the metasilicate. However, it
is the same high alkalinity which creates corrosion problems
for aluminum components. The use of a chemical with a lower
active alkalinity such as sodium carbonate (pH 11.5) would
probably reduce the corrosion problem , but at the same time
it would reduce the cleansing power.

Accordingly,  NAVAIRENGCEN ini t ia ted a 2-phase 
S

program to evaluate corrosion inhibitor additives for the
alkaline cleaning solution . The first phase identified
candidate iahibitor additives and screened their ability to
reduce corrosion of metallized aluminum . The second phase
investigated the effect of the most promising inhibitor
(sodium naphthenate) on the cleanability of the alkaline
cleaning solution. This report presents the results of the
program . 

.
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r B. EX PERIMENTAL APPROACH 1
1. PHASE I - ID ENT I FY AN D SCREEN CANDI DATE

CORROSION INH I BITO RS

A l i tera ture  review identif ied several chemical
compounds (Table I) that might be used as corrosion inhibi-
tors in caustic solutions . Previous work by Kyazimov 1
suggested that sodium naphthenate would be most effective
from a performance and cost standpoint. Sodium naphthenate
is synthesized from naphthenic acid derived from crude oil .

Laboratory tests evaluated the effectiveness of
sodium naphthenate in reducing the corrosivity of alkaline
solutions to aluminum . The tests investi gated corrosion of
aluminum as a function of:

a. % sodium metasi l icate

b . % sodium naphthenate

c. pH

d. Time

A metallized aluminum test specimen (~ l” x 1” x¼”) was prepared by flame-spraying aluminum into a sand mold
and subsequently stripping the mold. Prior to exposure, the
test specimen was cleaned, degreased in acetone, and air
dried. The test. specimen was allowed to stabilize in each
test solution for a period of 24 hours. After 24 hours, a
linear polarization measurement* determined the corrosion
rate of the aluminum specimen .

The laboratory tests also investigated the effec-
tiveness of the sodium naphthenate over an extended per iod
(170 hrs.). Linear polarization measurements at different
times during the 170 hr. test determined corrosion rate as a
function of time .

2. PHASE II - INVESTIGATE THE EFFECT OF SODIUM
NAPHTHENATE ON THE CLEANSING ABILITY OF A 3%
SODIUM METAS ILICATE DETERGENT SOLUTION .

This phase of the program investigated the clean-
sing ability of sodium metasilicate/detergent solution with-
out sodium naphthenate added and with sodium naphthenate at
concentrations of 2% , 3% , and 6%.

The study included the following soiling mediums :

a. Lube Oil (30W - automotive grade)
*The linear polarization measurement is described in
Corrosion Engineering by M. G. Fontana and N. D. Greene ,

L McGraw Hill , New York , 1967, chapter 10, pg. 344. j 
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r b. Grease (90W - gear) 1
c. Hydraulic Fluid (MIL-H-22072A)

d. A mixture consisting of 35 gm. raw umber ,
6 gm. petrolatum and 40 ml JP-5 jet fuel.

6” x 12” x .125” steel panels were soiled with the
mediums listed above , washed with the different test solutions ,
and rinsed with sea water. The degree of surface cleanliness
was then quantified by an atomizer test described in Appendix I.

C. RESULTS

1. PHASE I - IDENTIFY AND SCREEN CANDIDATE
CORROSION INHIBITORS

Five sodium naphthenate solutions were synthesized
and screened on their ability to reduce the corrosion rate
of a metallized aluminum coupon exposed in various strength
sodium metasilicate solutions. The five solutions were made
up as follows :

a. Sodium Naphthenate , 47% active in Mineral
Oil , viscosity = 335-350 S .U .S .

b. Sodium Naphthenate , 47% active in Butyl
Carbitol

c. Sodium Naphthenate , 47.5% active in Mineral
Oil , viscosity 125-135 S.U.S. -

d. Sodium Naphthenate , 40% active in Mineral Oil

e. Sodium Naphthenate diluted in water

In the first 4 solutions listed above, solvents
(Mineral Oil , Butyl Carbitol) were used to dilute the naph-
thenic acids making it easier to prepare the sodium naph-
thenate. Concentrated sodium naphthenate was also prepared
according to the exact procedures reported by Kyazimov ’ .
This y ielded a highly viscous , black substance which was

S then diluted with water to form an aqueous solution . The
sodium naphthenate solution mixed readily with the sodium
metasilicate/detergent solution.

Screening tests showed that none of the first four
solutions significantly reduced corrosion of metallized al-
uminum in sodium metasilicate solutions. However, when an
aqueous solution of sodium naphthenate was added to a sodium
metasilicate solution resulting in a 3% concentration of
both nap4tthenate and metasilicate, the corrosion rate of
aluiinum dropped from 20 mpy to 1 mpy . Apparently, the
mineral oil aid butyl carbitol solvents adversely affect the

L
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inhibiting property of the sodium naphthenate . Because of
the promising results obtained with the aqueous solution of
sodium naphthenate , a more in-depth study was conducted on
this formulation .

Figure 1 presents a carpet plot of corrosion rate
versus different concentrations of sodium metasilicate and
sodium naphthenate. Table II also presents this data. The S

data shows that sodium naphthenate at practical concentra-
S tions can be used to control corrosion of aluminum in caus-

tic cleaning solutions .

Although sodium metasilicate is only used at a 3%
concentration to clean the flight deck , it is suspected that
the metasilicate concentrates at crevices on the flight deck
through successive washing/evaporation cycles. Thus, data
was obtained at 6% and 12% concentrations. Table II shows
that uninhibited 12% sodium metasilicate corrodes aluminum
at 100 mpy.

Figure 2 shows a plot of corrosion rate versus
time for an aluminum coupon exposed in 3% metasilicate
solution with and without corrosion inhibitor. The plot
shows that the sodium naphthenate is stable and effective 

S

over an extended period (170 hrs.).

2. PHASE II - INVESTIGATE THE EFFECT OF SODIUM
NAPHTHENATE ON THE CLEANSING ABILITY OF A 3%
SODIUM METASILICATE DETERGENT SOLUTION

Tables III thru VI present the results of the
cleanability tests on different soiling mediums . The re-
sults show that the addition of sodium naphthenate degrades
significantly the metasilicate/detergent cleaning ability S

with respect to gear oil (85W-l40), the raw umber/jet fuel/
petrolatum mixture , and hydraulic fluid. Sodium naphthenate
up to a 3% concentration did not adversely affect the a-
bility of the metasilicate /detergent solution to clean
medium grade lube oil from steel surfaces. The results
presented in Tables III thru VI demonstrate the excellent
reproducibility of the atomizer test for quantitatively
rating surface cleanliness.

D. DISCUSSION OF RESULTS

Based on a brief literature review, the laboratory
tests concentrated on one inhibitor additive - sodium naph-
thenate. It is possible that there are other inhibitor
additives that will effectively reduce alkaline corrosion
and at the same time not degrade the solution cleansing
ability. A better approach rather than determining an ef-
fectiye inhibitor additive mi ght be to find a substitute
cleaning solution with comparable cleansing ability.

L . 
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E. CONCLUSIONS —

1. Sodium naphthenate at practical concentrations can
inhibit corrosion of aluminum in alkaline solutions .

2. Sodium naphthenate degrades the cleansing power of
metasilicate/detergent cleaning solutions .

3. Sodium naphthenate does not appear to be compati-
ble as an inhibitor additive for metasilicate/detergent
cleaning solutions .

4. Corrosion of aluminum hardware exposed on aircraft
carrier flight decks will continue unless the Navy revises
their current cleaning procedures.

5. A substitute cleaning solution for aircraft
carrier flight decks must be found. - 

S

F. RECOMMENDATIONS - 
S

1. Initiate further work to find, test and evaluate
~n effective and compatible cleaning solution for aircraftcarrier flight decks.

L 
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TABLE I

Possible Inhibitors for Control of

Corrosion in Caustic Solutions

Compound Reference

1. Sodium Naphthenate* 1

2. Naphthenic Acid Amide * 1

3. Naphthenic Acid Neutra l ized
with Aniline* 1

4. l- (2-thenoyl)3 ,3,3-trifluoroacetone 2

5. Benzylacetone 2

*prepared from Naphthenic Acid separated from Crude Oil

4
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TABLE II

CORROSION RATE AND pH AS A FUNCTION OF % SODIUM
NAPHTHENATE AND % SODIUM METASILI CATE

% Sod ium % Sod ium Corros ion
Metasilicate Naphthenate 211 Rate , mpy

3 0 12.9 20.03

3 1 12.9 17.7

3 2 12.2 .718

3 3 12.7 1.44

3 6 12.0 .561

3 12 12.1 .631

6 - 0 12.8 15.3

6 1 12.8 9.47

6 3 1 2. 9  3.49

6 6 11.3 .706

6 12 12.6 .561

12 0 12.9 98.3

12 1 12.9 98.2

12 3 13.1 53.5

12 6 13.0 7.96

12 12 13.2 11.8

4
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CLEANING INDEX FOR DIFFERENT CLEANING SOLUTIONS USED TO

REMOVE RAW UMBER /JET FUEL/PETROLATUM MIXTURE

C]eanini Solution TEST #1 TEST #2 TI~ST #3 5

1. Sea Water 0 0 0 J

2. 3% Metasilicate/Detergent 100 100 100

3. 3% Metasilicate/Detergent 13 10 15
+ 2% Sodium Naphthenate

4. 3% Metasilicate/Detergent 15 11 10
+ 3% Sodium Naphthenate

5. 3% Metasilicate/Detergent 0 4 2
+ 6% Sodium Naphthenate

S
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TABLE IV

CLEANING INDEX FOR DIFFERENT CLEANING SOLUTIONS USED TO

REMOVE GEAR OIL (85W-140)

Cleaning Solution TEST #1 TEST #2 TEST #3

1. Sea Water 0 0 0

2 .  3% Metasilicate/Detergent 100 100 100

3. 3% Metasilicate/Detergent 15 20 21
+ 2 % Sodium Naphthenate

4. 3% Metasilicate/De-tergent 8 20 10 -
S

+ 3% Sodium Naphthenate

5. 3% Metasilicate/Detergent 0 2 - 13
+ 6% Sodium Naphthenate

a
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TABLE V

CLEANING INDEX FOR DIFFERENT CLEANING SOLUTIONS USED TO
REMOVE LUBE OIL (30W AUTOMOTIVE GRADE)

Cleani~,g Solution TEST #1 TEST #2 TEST #3

1. Sea Water 22 12 20

2. 3% Metasilicate/Detergent 100 100 100

3. 3% Metasilicate/Detergent 100 100 100
+ 2% Sodium Naphthenate

4. 3% Metasilicate/Detergent 100 100 100
+ 3% Sodium Naphthenate

5. 3% Metasilicate/Detergent 81 92 98
+ 6% Sodium Naphthenate

L J
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TABLE VI

CLEANING INDEX FOR DIFFERENT CLEANING SOLUTIONS USED
TO REMOVE HYDRAULIC FLUID (M I L-H -22072 A )

Cleaning Solutions TEST #1 TEST #2 TEST #3

1. Sea Water 0 0 - 0

2. 3% Metasilicate/Detergent 78 87 72

3. 3% Metasilicate/Detergent 49 50 59
+ 2% Sodium Naphthenate

4. 3% Metasilicate/Detergent 40 46 49
+ 3% Sodium Naphthenate

5. 3% Metasilicate/Detergent 44 43 47
+ 6% Sod ium Naphthenate

L
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APP ENDIX I

DESCR I PT ION OF ATOM IZE R TEST USED TO

DETERMINE DEGREE OF SURFACE CLEANLINES S

Fresh water containing 0.1% blue dye was sprayed on the
test panel from a distance of 2 feet at a pressure of 18 in.
Hg. Total spray time was 30-45 seconds. A distinct pattern
formed on the test panels depending on the degree of clean-
liness. The pattern was fixed in place with a heat lamp . A
cleaning index was determined by dividing the panel into 100
squares. The number of squares not covered by water was
taken as the cleaning index. If none were covered, the
surface was poorly cleaned and rated an index of zero. If,
however , some squares were covered , then the test gave a 

S

value between zero and 100 and had quantitative significance.
The dirty areas tended to form water droplets. The clean
areas were covered by a continuous film formed by the coale-
scence of droplets. The test was run three times to in-
crease experimental accuracy .
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