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FOREWORD

This report was prepared by the Wyandotte Chemicals Corporation under
USAF Contract No, AF 33(616)-2442, This contract was initiated under Project
No. 7312, *Finishes and Materials Preservation®, Task No., 73122, "Corrosion
and Corrosion Prevention”, and was administered under the direction of the
Materials Laboratory, Directorate of Research, Wright Air Development Center,
with Lt., H. L., Stevens acting as project engineer,

This report covers period of work from April 1954 to July 1955.

Proprietary surfactants have been studied in this work in systems
other than those for which they were designed, In fajrness to the manufacturers
of these compounds it should be emphasized that the results do not neceasarily
reflect their comparative value as surfactants in their more conventional
applications,

The proprietary inhibitors that were evaluated for this specific use

have been coded to prevent misapprehension on the part of competitive come
mercial suppliers,
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ABSTRACT

A corrosion inhibitor was developed for use with alcohol-water injection
fluid for aircraft engines. It inhibits corrosion of steel, stainless steel
and aluminum alloys, is soluble in methanol, ethanol, water or mixtures of
the liquids, and lowers surface tension of the mixtures, Although the inhibitor
is chemically compatible with hard water solutioms, inhibition efficiency is
inversely proportional to water hardness. Solutions mede with water of more
than 100 parts per million hardness, require an excessive amount of inhibitor
for inhibition of corrosion. The inhibitor is a mixture of dieyclohexyl-
ammonium nitrite, urea and l-nitropropane in an anhydrous methanol solution.
Data gathered from initial screening of 150 corrosion inhibiting compounds
is presented in detail,

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

M. R. WHITMORE
Technicel Director
Materials Laboratory
Directorate of Research
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TECHNICAL SUMMARY

The work covered by this report resulted in three inhibitor formulations,
CR=2990~41, CR=2990-A2, and CR=-2990-43. Subsequently they were evaluated by
the Materials Laboratory of Wright Air Development Center. The conclusions
of the Materials Laboratory are:

Qe

The three inhibitors are effective in methanol=-distilled water
solutions,

bs A%t an optimum concentration, effective inhibition can be obtained

Ce

in both liquid and vapor phases of inhibited methanol-hard wvater
solutions. The concentration of the three inhibitors needed for
effective inhibition inereases as the total dissolved solids of
the water used for dilution of the alcohol increases. The amount
needed to prevent corrosion of SAE 1010 steel and of 2024 alumi-
nun alloy in a 267 methanol-herd water (450 parts per millionm
calclum carbonate) solution is 2% of the mixture volune, or 8%
of the methanol volume.

The three inhibitors adversely affect reciprocating engine per~
formance (knock) numbers of aviation fuel slmost in proportion
to their concentrations.

In view of these facts, the inhibitors are considered to be effective for
methanol-distilled or deionized water solutions. They may find use with waters
of low hardness, but due to the large concentration of inhibitor needed, they
are not appropriate for use with extremely hard water solutions that are found
on many Air Force bases.
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I INTRODUCTION

Alcohol-water mixtures are used as thrust acceleration fluids in air-
craft jet and rotary engines. Corrosion has been experienced with these
mixtures in the blending and refueling tanks, the supply tank and the in-
Jection systems. The corrosion preventative most commonly employed to the
present time has been a soluble oil of the type covered by specification
MIL-C-4339, This type of inhibitor is not entirely satisfactory for the
following reasons.

8. The compound must be thoroughly dispersed in the water
prior to addition of the alechol.

b. ZEven with thorough dispersion, an oil layer tends to
separate with time particularly when hard water is used,

C. Solids precipitated when hard water is used clog filter
systems.

d. The inhibitor does not provide adequate protection to
metals in the vapor phase.

The aim of this research program was the development of better cor-
rosion inhibitors for use in aireraft alcohol-water injection systems. The
protection of tanks used for storage and transportation was an immediate
objeective. The inhibitors were expected to have the following properties
(as quoted from the amended Exhibit A of the contract) :

1. The inhibitor may be a single compound, & mixture of com-
pounds, or solution, provided the desired properties are
obtained. The amount to be sdded shall not be excessive.

2. The inhibitor shall be suitable for mixing with undiluted
methancl and ethanol, conforming to Specifications C-M-232
and MIL-A-6091 respectively, at the time of packaging, or
at an Alr Force Base in either concentrated or diluted form.

5. At the concentration level needed for inhibition, the in-
hibitor shall be soluble from -65°F. or 10°F above the freez-
ing peint of the solution, to 160°F or 10°F below the boiling
point, in the following solutions: anhydrous methanol (Spec.
0-M-232), a 95% ethanol-methanol mix (Spec. MIL-A-6091), and
either of the ebove diluted with water over the 20 to 70% al-
cohol by volume concentration range. Separation with time
ghall not occur.

Manuscript released by authors June 1956 for publication as a WADC
Technical Report,
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4, The presence of the inhibitor shall not cause excessive
precipitation over what would normally occur when the
temperature of the solutions 1in 3 (above) is varied over
the limits specified.

5. The inhibitor shall effectively inhibit corrosion in air-
craft alcohol-water systems. For the purpose of a labor-
atory type evaluation, the effect of the inhibitor on 1020
steel, aluminum alloy 24S-T6, and aluminum alloy 248-T6
coupled to Type %04 stainless steel is considered indica-
tive of its performance in an actual aircraft system. The
inhibitor shall inhibit in both liquid and vapor phases.

6. The inhibitor shall not form over 100 ppm non-combustible
solids based upon the concentration used in a 50-50 alcohol-
water mix.

7. The inhibitor shall provide a surface tension and interfacial
tension equal to or less than that obtained with 0.05% Tri-
ton X-100 in a 30% salcohol-water mixture.

8. The cost and availability of the inhibitor shall not preclude
its use in time of National Emergency.

9. The inhibitor shall have a reasonable shelf life, either by
itself or when mixed in alecchol-water solutions.

10. The inhibitor shall be soluble in undiluted alecohol conform-
ing to Specifications 0-M-232 and MIL-A-6091 at a concentra-
tion equal to four times that needed to effectively inhibit
corrosion in a solution of 25% aleohol, 75% tap weter., Ef£-
fective inhibition is considered to be as is described in
article five above. If absolutely necessary, swall amounts
of water {up to four percent) may be added to anhydrous al-
cohol to increase the solubility of the inhibitor.

In general four major approaches to the problem were pursued:

1. A moderately comprehensive literature survey to provide a
list of corrosion inhibitors for screening and to indicate
corrosion test methods suitable for the present program.

2. A general corrosion screening program which included the
examination of a relatively large number of candidate in-
hibitors to select those effective in the prescribed water-
alcohol solutions.

WADC—TR~55~3h5 2



3. TFurther examination of the materials that successfully
passed the requirements of the general screening pro-
gram, and of candidate agents for lowering surface and
interfacial tension.

4. Comprehensive testing and evaluation of candidate inhibi-
tors-surfactant combinations in order to establish at
least three inhibitor formulas having the characteristics
specified in Exhibit A.

Due to the multiplicity of characteristics required in a successful
formula some exploratory portions of the work had to be conducted without
regard to some of the requisites for an acceptsble compound. For instance,
mary preliminary corrosion prevention, surface activity and solubility
evaluatlions were carried out on formulations known to have excessive re-
sidual non-combustible solids as set forth under (€) of Exhibit A. Sub-
sequently, mecdified systems were employed which met this requisite and
were acceptable in other respects.

IT EXPERIMENTAL PROCEDURES AND EVALUATION TECHNIQUES

In the initial phases of this work, a literature survey was conducted
in order to compile a 1list of candidete inhibitors for screening purposes.
During this literature survey various corrosion test methods which might be
applied in the present problem were reviewed. No specific method suitable -
for evaluation of candidate corrosion inhibitors in these water-alcchol
systems was found. The following procedures are based on methods found
in the literature, modified by Wyandotte experience in corrosion testing.

GENERAL SCREENING TECHNIQUE

A screening method was developed that could rapidly cover a large number
of compounds. It was recognized that the volume of the testing solution
should be large enough to avoid any appreciable change due to chemical exhaus-
tion of any ingredients of the solutions. Relying on past experience, a vol-
ure to area relationship was selected such that the approximately 5 square inch
surface of the specimen was exposed to one liter of testing solution. A two
quart Mason canning Jar was selected as a sultable vessel. In control tests,
duplicate specimens were tested, i.e., two in the liquid phase and two in the
vapor phase as shown in Figure 1. In the screening studies only two speci-
mens were used per jar, one in each phase which furnished the volume to area
relationship in the liquid phase mentioned above. The specimens were suspended with

WADC~TR-55-345 3



Figo 1.
general

A,
B.
C.

D,
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Component parts and assembled corrosion test vessel used in

screening program,

Two-quart Mason jar.

Lengths of 1/16" diameter ;lass cord with slip-knot.

Metal test specimense.

Assembled unit. Note: This was a control test jare.
Test specimens were suspended from the center of the

coupon and only one to each phase,



1/16 inch diameter glasa cord by fastening with a slipknot around the
center of the specimen. The upper end of the cord was clamped to the
metal fixture at the neck of the Jar or held in place beneath the rubber
Jar ring. To prevent excessive fraying of the glass cord, the ends were
fire~-polished.

Preparation of Test Specimens,

In the initial screening phases of this work, two test metals were
used, SAE 1010 cold rolled mild steel and aluminum alloy 2024-T3 (former-
ly designated 24S-T3), Coupons 3 inch x 3/4 inch x 1/16 inch were sheered
from stock sheets. These specimens were sandblasted until a uniform sur-
face was obtained. After sandblasting the coupons were degreased by an
acetone dip, dried by air blast and stored in a desiccator until used.
Subsequently, the coupons were hendled with rubber tipped forceps or rub-
ber gloves,

Water-Alechol Solutions.

Inhidbitlon of corrosion was studied in two alcohols, methanol (methyl
alcohol) covered by Federal Specification 0-M-232, and specially denatured
ethanol (ethyl alcohol) covered by specification MIL-A-609L. The nominal
composition of the latter is 90% ethanol, %% methenol, and 5% water. It
was required that corrosion be inhibited in solutions containing from 20
to 1L00% alcohol by volume of either of these alcchols. It was sssumed
(and confirmed later) that the 20% methanol in water would be the most
corrosive toward the test metals so this solution wes used in the initial
screening work. Dilution of the alcohole was made with Wysndotte elty tap
water which has the following composition in ppm: silica (810s) 2.4, cal-
cium (Ca) 27.0, megnesium (Mg) 6.8, sodium (Na) 4.9, potassium (X) 1.1,
bicarbonate (HCO3) 88.0, sulfate (804), 17.0, chloride (Cl) 10.0, (Ref.:
Industrial Utility of Public Water Supplies, 1952 Part 1, Geological Burvey
Water Supply Paper 1299). To prepare a solution of candidate inhibitor, 1%
by weight of the material was dissolved or suspended in 20% by volume meth-
anol solution and allowed to stand over night. Frequently an {ncompatibility
was encountered. Any gross floculation or sediment which appesred was re-
moved by filtration or separated by decantation the following morning. Only
the supernetant liquid in the latter case was employed for corrosion tests,
It is recognized that this step eliminated knowledge of the exact concentra-
tion of the inhibitor in the solution but it appeared to be the most feasible
approach in a rapid screening procedure. In some cases the inhibitor was com-
pletely soluble to the extent of 1% in the water-alcohol solution ylielding a
clear liguid. In other cases, a clear liguid resulted only after filtering
or decanting. In a few instances a colored or opaque solution of the candl«~
date inhibitor was used in the tests.

WADC-TR-55-345 5



After the jar was prepared with the test specimen in place, 1t was ex-
posed in a room thermostatted at 104° + 3°F. Periodic observations were
made of these specimens to observe the protective action of the candidate
inhibitor. In order to determine the minimum time required for significant
corrosion in these specific conditions, several untreated controls were run
before inhibitor tests were started. Controls were also maintained during
the testing period. A set of controls is shown in Figure 2. The steel and
aluminum specliflens were placed in separate vessels in crder to aveld the
rossibility of complication due to mixtures of corrosion products, Peri-
vdic observations were recorded on specially printed record sheets.

Letter Method of Rating Inhibitors.

In order to reeord the relative degree of protection afforded by can-
didate inhibitors under the given test conditions, an arbitrary system of
letter ratings wes employed. Those metal specimens which appeared to have
less than 20% of the surfaces attacked by the solutions after a stated ex-
posure were rated "A"; specimens showlng corrosion of 20-39% of the surface
ares were rated "B"; those corroded 40-59% were rated "C" and those corrod-
ed 60% or more were rated "D". In the tabiilar data each periodic observa-
tion made of the test panels is indicated by a numerical subscript which
designates the time in days since the beginning of the tests. Compounds
having a rating of "B" or higher for at least a 30 day period were select-
ed for further study. Other materials showing a "B" grade protecticn for
at least 20 days were grouped to be considered in the event that too many
materials in the first group failed to meet other specified requirements.
If either metal shoved a degree of corrosion greater than a "B rating” in
either the liquid or vapor phases the particular compound involved was
tentatively dropped from further consideration.

Photographic Records.

As a given test was terminated, the speclimens were removed from the
solution and scrubbed briskly with a nylon bristle toothbrush under the
running tap. The specimens were then rinsed in acetone, air dried and
mounted with paper cement on white Bristel board. The specimens were
aligned opposite the proper code number and beneath the heading which in-
dicated the kind of metal and whether the exposure had been made in the
liquid or the vepor phase. For purposes of comparison, each photograph
includes & set of untreated control specimens in the initial sandblasted
condition and a set of panels which had been exposed 20 days in a 20% by
volume solution of methancl in water without inhibitor.

WADC ~TR-55-34% 6



Fig. 2. Control specimens subjected to 20% by volume methanol solutions.
A. Aluminum Specimens

Left - untreated
Right -~ exposed 5 days in the liquid phase

B. Aluminum Specimens
Duplicate samples exposed 20 days in the vapor phase
C. Steel Specimens
Sample at left is untreated. (Stains are
photographic in origin).
The other 3 samples were exposed 20 days in
the 1liquid phase.
D, Aluminmum Specimens
Sample on left is untreated. Other 5 samples
were exposed 20 days in the liquid phase.

WADC-TR=55-345 7



ACCELERATED SCREENING TESTS

A limited effort was directed towards the development of an acceler-
ated corrosion technlque for screening further the effective candidate in-
hibitors disclosed by the general screening method. It was intended that
this procedure be more severe in order to reduce the number of inhibitors
to be carried into other specifications tests,

Two major changes in conditions over the general screening techniques
were employed in this accelerated method. Constant aeration by filtered,
compressed air was used and the exposure temperature increased to 136° +
1°F. The physical equipment employed was very similar to thet used in the
earlier program. ‘Two-quart Mason canning jars were prepared as before with
the metal specimens suspended in methanol solutions or in the vapor phase
above the solutions. Since the higher temperature was to be employed a re-
flux condenser was necessary to minimize loss in liquid volume through the
test period. The glags top of the Mason Jjar was replaced with a rubber
stopper bored appropriately to receive the condenser and the air supply
tube. The jars were placed In & minéral oil bath thermostated at 136° +
1°F. A diagram of an individual unit assembly is shown in Figure 3. Six-
teen of these units were operated at one time,

In the general screening program, the specimens were sandblasted in
order U5 obtain a reproduclble, quickly obtalnable uniform’ surface. The
use of sandblasted surfaces In corrosion work however has certaln disad-
vantages as compared to hand-rubbed specimens. In the accelerated screen-
ing tests, hand-rubbed specimens were used. Coupons of 1010 mild steel,
2024~T3 aluminum alloy and, for use in coupled specimens, type 304 stain-
less steel were hand-polished to a uniform finish with No. 240 grit alum-
inum oxide. A damp cloth was dipped into the powdered aluminum oxide and
rubbed on the surface of the specimens. An alteratlion of the direction of
rubbing was made such that as scratches appeared oriented on one axis of
the specimen subsequent strokes were directed perpendicularly until the
previous scratch marks were removed. No imbedding of the aluminum oxide
on the surface of the metal specimens could be detected.

As the general screening program proceeded, it became apparent that
the mild steel was more suitable than the alumlinum for screening studies,
Comparatively little weight loss was encountered with the aluminum specil-
mens. Only the steel specimens therefore were used in certain intermed-
iate phases of the general program. In order to establish a reliability
of the accelerated method and & practicable exposure time necessary to pro-
duce significant weight luss data with steel, replicate untreated control
specimens were run. The results of these studies conducted in 20% by vol-
tme methancl are shown in Table 1. '

WADC -TR~55-345 8



EXHAUST

CONDENSER
WATER OUTLET

WATER COOLED
S CONDENSER

" CONDENSER
F’*\Y WATER INLET

RUBBER STOPPER

AIR SUPPLY
FOR AERATOR “mc—————x

GLASS STRING

(5446848

a2 TWO QUART
/ ‘ MASON JAR
N
R____SPECIMEN IN
LIQUID LEVEL — <™ e e VAPOR PHASE
SPECIMEN IN ___s™
LIQUID PHASE  AERATOR

FIG. 3. ASSEMBLED CORROSION TESTING UNIT
USED IN ACCEL ERATED PROCEDURE
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The weight change data presented in Table 1 show several characteris-
tic features of the method. It is apparent that in the vapor phase varia-
tion in weight changes significantly increases with longer exposures of
steel specimens. Although it is recognized that vapor phase protection
is an important requirement of an inhibitor, it was felt that the liguid
phase tests would be more discriminatory and relisble for screening work,
Observations on the length of exposure required to furnish reliable dats
in the liquid phase tests indicated that the 16 or 2L hour=period would
be adequate. Since an overnight test of 20 hours fitted well into the
working schedule, this period was used in the accelerated screening pro-
gram. As the number of experimental candldate inhibitors was narrowed to
& few, a longer exposure period of 72 hours was used. In view of the time
limitations of the contract, this was the longest period that could be
given. While the results are believed %o be indicative, it is recognized
that much longer periods of testing, perhaps under other conditions, are
necessary before sound conclusions may be drawn.

Since this evaluatpry procedure was based Pprimarily on weight changes,
the specimens were cleaned of corrosion Products before final welghing. An
inhibited, acid cleaning solution (1) previously developed at Wyandotte for
& similar purpose, was used on the mild steel specimens. For the aluminum

specimens concentrated nitric acid was used. The cleaning procedure was as
follows:

1. The specimen was removed from the aleohol-water solution
and scrubbed briskly with a nylon toothbrush under the
running tap.

2. The specimen was placed for one minute in the proper clean-
ing solution as indicated above.

5. The specimen was scrubbed once again under the running tap
with the nylon toothbrush.

4. The specimen was dipped in acetone, dried in a filtered air-
blast and placed in a desiccator over night before weighing.

The use of the cleaning solution caused an average welght loss of 2
milligrams on non-corroded mild steel specimens., All the values presented
in this report have been corrected for this weight loss. The aluminum con-
trol specimens cleaned in nitric acid remained at a constant weight.

In the later phases of the accelerated screening program, coupled speci-
mens consisting of type 304 steinless steel and 202L-T3 aluminum alloy were
included. In the preparation of the coupléd specimens, & 5/16 inch diameter

(1) 10% Naxonate G, 5% sodium bisulfate, 0.5% Pluronic F-68, 1.0% citric
acid, 0.2% mercaptobenzothiazole, 83.3% water.
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hole was drilled through each member of the couple centered at one end of
the specimen. A one-half inch bolt of one-quarter inch diameter was placed
through the two holes and a nut tightened with the fingers. The bolt and
nut were made of type 304 stainless steel. The head of the bolt was in
contact with the aluminum member to minimize scratching of the softer metal
as the nut was tightened. Figure 4 is a photograph of the component partis
and an assembled coupled specimen. In survey tests it was determined that
the weight loss to the stainless steel member of the couple was negligible.
Therefore in tables listing the results of welght losses to coupled speci-
mens, the data are given for the aluminum member only. A supply of stain-
less steel specimens one inch wide already on hand was used and aluminum
specimens cut in size to match. When the data were tabulated a size cor-
rection factor was applied in order to allow immediate comparison between
weight change data for coupled and uncoupled aluminum.

SURFACE AND INTERFACIAL TENSION DETERMINATTIONS

Since it is required that the surface and interfacial tension of the
alcohol-water -inhibitor meet certain requirements, it became necessary to
include in an inhibitor composition a surfactsnt of suitable effectiveness.
As these formulations were prepared the surface and interfacial tension
values were checked in use alcohol solutions by the ring method using a
Cenco-dulNouy Interfacial Tensiometer. The standard procedures recommend~
ed by the instrument manufacturer were followed in these determinations.
Values presented in this report have been corrected according to the usual
methods.

III EXPERIMENTAL DATA AND DISCUSSION

The experimental program was first directed toward the evaluaticn of
a large number of candidate inhibitors in a general screening procedure.
Materials successfully passing this test were then examined to determine
their ability to meet the other target requirements set up in Exhibit A of
this contract. In general this involved evaluation of their solubility at
lower temperatures and determination of the compatibility with selected sur-
factants. At a point in the work, promising inhibitcrs thus disclosed were
next modified in order to meet the maximum non-combustible solids content
requisite. Eventually the few selected compositions were further evaluated
for corrosion protection against the test metals in comparison with the sol-
uble oil covered by MIL-C-4339.

WADC-TR-55-245 12
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Fige 4. The type 30, stainless steel-2024-T3 alumimm alloy
coupled specimen used in corrosion studies,
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GENERAL SCREENING TESTS

A total of 137 compounds was collected and tested as candidate in-
nibltors according to the general screening procedures described sbove,
The tests initially included both SR 1010 steel and 2024-T3 aluminum al-
loy. As the tests progressed 1t was recognized that the steel specimens
were the most subject to corrosive attack. This was particularly true in
the vapor phase. Accordingly in order to expedite the test program, alum-
inum specimens were eliminated from the screening tests with the provision
that selected promising inhibitors would later be tested toward aluminum
and the aluminum coupled with type 304 stainless steel.

The results of this screening work in terms of the letter designa-
tion method of rating are shown in Table 2. Following Table 2 photographs
of the test specimens prepared as described above are presented (Figure 5).
The data of Table 2 and the photographic evidence indicated that eleven
compounds or combinations of compounds afforded protection under the test
conditions for a minimm period of 30 days. Fifteen additional materials
gave protection for a perilod of 20 days, These compounds are listed in
Table 3 in an approximate order of decreasing effectiveness.
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PERIQDiC OBSERVATIONS OF THE CORROSION OF SAE 1010 STEEL AND
2024~T3 ALUMINUM BY 20 PERCENT METHANOL-IN-WATER SOLUTION,
INITTAL SCREENING PROGRAM
e e THUGRAM

Exposure Temperature: 104° + 3°F.

¥aximum Inhibitor Concentration: ot A

Visuel Corrosion Eveluation (a)

Subscripts refer to the number of

days exposure

Code Candidate Steel Aluminum
No.  Inhibitor (b) Liquid phase Vapor phese Liquid phese Vapor phase
Control -- Do © 14 20 28 As o 14 Bs 5 14 C20 Bg g Ciq 20
Bzp Czg Dog Dog
2507 Ethylenediamine As 9 14 20 Ag g By Ag FFAg 14 Be 9 14 20
: 28 31 Cao D2g a3 20 28 31 2a Cay
2508 Dimethylaniline Ds 12 21 Aw 12 23 Bs 12 23 As 12 21
- 2509 Proprietary Ag 5 14 Be Co 14 20 As PFAg 34 20 43 g 14 20
Boo 28 31 Deg a1 Czg Daa C2s m1
2510 Proprietary Ds 5 14 20 Be 8 C14 20 Ae FFiAp By Ba Bg 14
28 31 28 Daz Cz0 28 Daa Cz20 28 Day
2511 Sodium benzoate Ao 7 13 21 A2 7 13 21 A2 7 13 21 Ao 7 13 21
28 87 28 a7 28 a7 28 a7
2312 Acetamide-Potassium Ag 14 22 28 Ag 14 B2y 28 As 14 21 28 As 14 21 28-
nitrite s0 30 S0 - =0 '
2513 p-Phenylenediamine Ds 12 22 As 12 23 As 12 23 A5 12 23
2514 Proprietary Ao 7 18 21 Az 7 Bis f2 7 13 B2s Az 7 313 Boy
2a a7 Cz1 28 Day Czg Da7 Cz2g Da7
2515 Cyclohexylamine As 13 19 28 A5 37 19 PFAg 13 19 Bs 11 19 26
3s 26 35 28 35 as
2516 .Ca‘techol Ap b d PFA]_a An 7 PFAla As v 4 PFAJ_a As 7 PFA13
21 28 37 21 28 37 21 28 a7 21 28 a7
2517 Urea-Potassium A2 7 13 21 Ao 7 13 21 Ao 7 13 21 Ao 7 13 21
nitrite 28 37 28 37 28 37 28 37

(a) and (b): See footnotes at

WADC-TR-55-345
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Code
No.

Candldate
Innibitor (b)

TABLE 2 - (continued)

Visual Corrosion Evaluation (a)

2518

2519

2520

2521

2522
2523

2524

Propylene diamine

Pyrogallol

Proprietary

Benzotriazole

Naphthylamine

Proprietary

Proprietary

2525 /Q -Naphthylamine , HC1

2526

o527

2528
2529
2530

2531

2532

2533

Dicyclohexylamine

p~Toluenesulfon-
chloride

Resorcinol
Proprietary

Scdium chromate-
Sedium hydroxide

Sodium metasilicate

Sedium chromate-
Calcium phHosphate

Potassium nitrite-
Sodium molybdate

Subgeripts refer to the number of days exposure
Steel Aluminum
Ligquid phase Vapor phase Liguid phase Vapor phase
Ap 7 13 21 Ao 7 13 Bea  TFAz 7 13 Ap 7 13 21
28 37 2837 PFCz3 28 37 28 27
PFAz 7 13 21 Bz 7 13 Ao 7 13 21 Az 7 13 21
28 37 Czi 28 37 28 37 28 37
Cs D11 20 As 131 Bis Cs D11 19 As 11 Bae
28 35 28 35 26 35 28 35
Bs D11 10 As 11 19 Bs 11 Ci9 As 11 18
26 35 28 35 28 Dss 28 35
Ds 13 18 27 4s 11 18 27 Da 11 18 27 Ag 11 18 27
Az 11 18 27 As Bii Dis Ba 11 18 27 Az Bii 1s 27
27
Az D11 18 27 As Ci1 18 27 Aa Dai 1e 27 Az 11 18 27
PFAg 11 18 27 As 11 18 De7 FFAs Dii 18 Aa 11 18 27
27
Ba 31 Cis 27 As 11 Cis 27 FFAz 11 18 27 f3 11 18 27
Da 11 18 27 As D11 18 27 Da 11 18 27 Az 11 18 27
Ca D31 18 27 A3 11 18 27 Cs D11 1s 27 #s Bia 18 27
Dy 11 18 Az 11 18 Dz 11 18 Az 11 18
Ag 24 Ca 24 PrAg =4 Ag 24
Ag 24 Cg 24 Ag 24 Ag 24
Ag 24 29 Ag Boy D2g Ag 24 32 Ag pg 32
Ag 21 ze Bs As 21 28 As 21 28

21 Des

WADC -TR-55-345
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TABLE 2 - (continued)

Visual Corrosion Evaeluation (a)

Subscripts refer to the number or days exposure

Code Candidate Steel Aluminum
No.  Inhibitor (b) Liquid phage Vapor phase Ligquid pPhase Vapor phase
25511- Sodium chroma'te As 21 2a Bs 21 DEB As 21 2a As 21 24
2537 P-Cyclohexyl phenol Ds 23 Ag 23 Cs Dz As oy
2538 Sodium perborate - M13 18 22 24 A13 15 Bos FFA13 18 22 A13 18 20 24
Sodium phosphate Cog 24
2539 Potassium nitrite M3 18 22 24 B1a 1g 22 Cas A1s 18 22 24 Aja 16 22 24
2540 Sodium nitrate D1s Bas FFA; 5 Aia
25141 Sodium nitrate - AJ_S 18 B]_a DJ.B A13 is AlS 18
Sodium chromate
25142 Scdium chromate - AJ..‘B 18 3313 Dlg A.J_s 18 AlS 18
Potassium nitrite
2543 TSP - Potassium A1z 22 Bia Caz A1z 2o Arz o2
ferricyanide
251{-11- Ammonium carbona‘te - A13 22 ap Bla 22 az A:!.S 22 32 AlS 22 az
Ammonium hydroxide
2545 Soluble 0il, A1z 22 24 Bia Caz 24 A13 22 24 A13 22 24
MIL~C-M559
2546 Proprietary A13 20 24 Bia Czz C2q4  Ai1g 20 24 A13 22 24
2547 Proprietary A7 18 By C1s A7 15 A7 18
25’48 2-}Iydroxypropylamine Aer is . B Cig : A~ 18 A7 18
nitrite
4
2549 Proprietary A7 18 By Cig Arg Arg
2550 Proprietary Agy Br 18 24 31 Az Agy
2551 Undecylenic acid Az Apy Ba, Agy Agsy
2552 Tannic acid PFFBy 10 C7 10 D7 10 Az 10
WﬁDC-TR-55—3h5 17



TABLE 2 - (pontinueil

visual Corrosion Evaluation (a)

gubscripts refer to the nunber of days exposure

Code Candidate Steel Aluminum
No. Inhibitor (b) Liquid phase Vapor Thase Liguid phase Vapor phase
2553 Linoleic acld B2y Bys C2a A2y B2y
2554 Lactic acid PFA; Dy FrAy Ay
2555 Proprietary Agy Ag Baa Agy Agy
2556 Proprietary oy Ag Bis C2a Aoy Ay
2557 (f -Naphthol Ag Ag Ds PFAg
2558 Butylene oxide, Doy Cr Do Ay
mixed isomers
5559 Glycerol mono-cleate As 13 Bg Ci3 As 13 Ag 13
2560 Guenidine carbonate As . Csm _ PFAs As
2561 Proprietary De : Ce Ag As
o562 Aluminum stearate Ds As As Bg
2563 Proprietary Aa 12 | Ag Cia Ag 13 Ag 123
o564 Nephthenic acids PFBag Agzp Arg PFAsp Azp
2565 Proprietary o3 Ay 4y Ay
2566 Proprietary Dy Ay A Ay
2567 Proprietary Dy Ay Ay Ay
2568 Bone oil Ag 14 Bg C14 Ag 14 Bs 14
2569 Oieic acid Ag 14 Bg Ci14 Ag 14 ’ Ag 14
2570 Sodium nitrite - Ago Aag Aagp Aap
Oleic acid
2571 Ethyl stearate Dy A7 Ay Ar
2572 n-Butyl benzoate D~ _ Br D= Ar
2573 Benzoic acid PFA7 D~ D A

WADC -TR -55-345 18



TABLE 2 - (continued)

Visual Corrosion Evaluation {a)

Subscripts refer to the number of days exposure

Code Candidate Steel Aluminum
No. Inhibitor (b) Liquid phese Vapor phase Liguid phase Vapor phase
2574 Ricinoleic acid, Ao Bis Czo Ao Ang
sodium salt
2575 p-Toluhydroguinone D~ C- D+ Ao
2576 Tri-p-tolylphosphite A;q Cao Bis Czo Ciz Dao A7 FFA13 Cag
2578 Proprietary Dg Bg Ag Ag
2579 Proprietary Dg Bg Dg Ag
2580 Proprietary Aig ' Biz Cia Mg Aj> Big
2581 o-Dianisidine De Bg Dg Ag
2582 2,k-Tolylene diamine Aig Czg ag Bg a0 Aso A1g PFBog ag
2583 o-Tolidine Dy Ay Ay Ay
2584 m~Phenylene diamine Dio a1 A1p Bap Asy Agy
2585 Proprietary Dy By Ay Ay
2586 Proprietary Dy By Ag Ay
2587 Proprietary Dy Ba Ay Ay
2588 Proprietary Dy Bg Ay Ay
2589 Dimethylethanolamine Ay Dy, Ay Dy
2590 Diethylethanolamine Ay Dy
2501 2-Mercaptoethanol Ag Dg
2592 3-Dimethylamino- A, Dy
propylamine
2593  H-Methoxypropylamine Ay Dy
2594 B—Is?propoxypropyl- Ay Dy
amine
WADC-TR-55-345 19



TABLE 2 - (continued)

Visual Corrosion Evaluation (&)
Subscripts refer to the number of days exposure

Code Steel

No. Candidate Inhibitor (b) Liguid phase Vapor phase
2595 5—Isopropylaminopropylamine Ay Da
2506 %,%'Imincbispropylamine By Dy
2597 2-Amino-benzenethiocl Ay 11 18 Ay Biy Das
2598 3_-Diethylaminopropylamine Ay Cyq
2599 Formamide | Dy Cq
2000 Dimethylpyrazine Dy By
2901 Dimethylisopropanclamine Ay Dy
2902 Diethylamincethanol Ay Da
290% Proprietary Da By
2G04 Triethanolamine titanate By C1a Biy
2005 Tri n-butylamine Cs Ca
2906 Triethyl phosphate Dy By
2907 Tetramethyl ammonium hydroxide (10%) Ag 11 By C11
2908 Ammonium chromate Ay - Cy
2909 Pyridine-N-oxide Dy Ba
2910 4-Picoline-N-oxide D4 By
2911 Proprietary Dy By
2912 Proprietary Dy Bs
2913 Proprietary Da By
2914 Piperldine : Ang Bag
2915 Proprietary Dy By
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TABLE 2 - (continued)

Visual Corrosion Evaluation ga!

Subscripts refer to the number of days exposure

Code Steel

No. Candidate Inhibitor (b) Liguid phase Vapor phase

2916 3,3 -Dimethoxybenzidine Dy Ay

2917 Proprietary Dy Ay

2918 Triacetin Dy Cq

2919 Proprietary Ag Cs

2920 Proprietary . Bg Cs

2921 Proprietary Az 39 Bi2 Cig

2922 Proprietary Dg Bs

2923 Ammonium salt of rerfluoro-~ Ag Dy
octancic acid

2924 Ammonium salt of perfluoro- Ds Dg
butyrie acid ’

2925 Sodium molybdate-Sodium Ars 19 Biz Cig
tungstate

2926 Sodium perborate - Sodium carbonate Ag Cs

2927 Proprietary Ag 1o Bs Dy

2928 Acrylamide - Sodium nitrite Az 1o By D1z

2929 Proprietary Ds Cyg

2950_ Proprietary Dg Cy

2931 Stearamide - Sodium nitrite Ag Cs

2932 Stearamide - Ammonium chromste Ag Cs

2933 Proprietary Dio Ciz

2934 Proprietary Dio . Cio

2938 Proprietary Ds Ag
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TABLE 2 - (continued)

Visual Corrosion Evaluation ()
Subseripts refer to the number of days exposure

Code Steel

No. Candidate Inhibitor (b) Iiquid phase Vapor phase
2939 4 -Cyclohexyleyclohexanol Ds . Ag
2040 Proprietary Ds Ag
2941 Phenylundecanoic acid Ds As
2042 Dibenzylacetic acld Dg Ag
2943 Proprietary Ds Ag
ookl  1,L-Butanediol Dg Ag
2045  Proprietary Ds Ag
2048  p-Methoxyphenol Dg Ag
2949 Proprietary Ds Ag
2050 Proprietary Dg Ba
2951 Proprietary Dg Bg
2952 Proprietary Ag Ca
2953 Proprietary Ag 13 Ag Bia
2954 Proprietary Ag 13 Ba 13
2955 Proprietary Bg Bg
2956 Proprietary ' Ds Ag

(a) Letters refer to percent of surface area corroded:

A = less than 20

B = 20 to 39

¢ = 40 to 59

D = 60 or more

PP = "Protective film" (wniform discoloration)

(v) In two-component tests, equal parts of each material were placed in
the alecohol-water solution.
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TABLE 3

LIST OF 26 PROMISING INHIBITCRS FROM THE GENERAL
SCREENING FROGRAM
IN DESCENDING ORDER OF EFFECTIVENESS

Exposure: 20% Aqueous methancl at 104° + 3°F; liquid and vapor phase.
Metals: SAE 1010 steel apd 2024-T3 aluminum

Code No. Component
A. Bffective for 30 days (min.)

2517 Urea~potassium nitrite

2511 Sodium bengoate

2570 Sodium nitrite-cleic acid
2516 Catechol

2564 Naphthenic acids

2914 Piperidine

2551 Undecylenle acid

2555 Proprietary

2512 Acetamide-potassium nitrite
2544 Ammenium carbonate~ammonium hydroxide
2550 Proprietary

B. Effective for 20 days (min.)

2532 Sodium chromate - celcium phosphate
2538 Sodium perborate - trisodium phosphate
2539 Potassium nitrite

2533 Potassium nitrite - sodium molybdate
2534 Sodium chromate

2518 Propylene diamine

2515 Cyelohexylamine

2556 Proprietary

2553 Linoleic acid

2507 Ethylene diamine

2519 Pyrogallol

o5h5 Soluble Oil, MIL-C-L4339

2514 Proprietary

2546 Proprietary

2584 m-Phenylenediamine
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STEFL ALUMINUM

CODE
NO,

UNTREATED
CONTROL

2507

2519

2520

P

2522

UNINHIBITED
CONTROL

Fige 5. Photographs of SAE 1010 steel and 2024-T3 aluminum specimens

after use in evaluation of candidate inhibitors by the general
screening method.

WADC=TR=55=345 24



STEEL ALUMIEUM

CODE
NO. LIQUID VAPOR LIQUID VAPOR

UNTREATED
CONTROL

2523

2524,

2525

2526

2527

2528

2529

2530

253K

2532

2533

2534

<53t

2543

UNINHIBITED
CONTROL

Fig. 5. (Continued)
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STEEL ALUMINUM
CODE

NO. LIQUID VAPOR LIQUID VAPOR
CONTROL |

2538

2559

2543

2545

2546
2552
2554
2558
. 2512
2542
2560
2562
2557

2561

2565

UNINHIBITED g
CONTROL |

Fig. 5. (Continued)
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STEEL, = = = i ALUMINUM
CODE < |
NO.

UNTREATED
CONTROL

2566

LIQUID VAPOR ~ LIQUID ; VAPOR

2567
2544,
2547
2548
2559
2563
2571
2572
2573
2578
2579
2581
2583

2549

UNINHIBITED
CONTROL

Fig. 5. (Continued)
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.CODE
.NO. .LIQUID , .LIQUID VAPOR
UNTREATED
CONTROL

2575

2585

2586

2587

2588

2553

2556

2568

2569

2580

2550

2574

2576

2551

2555

UNINHIBITED
CONTROL

Fig. 5. (Continued)
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CODE
NO.

UNTREATED
CONTROL

UNINHIBITED
CONTROL

2570

2582

R564
2584

CODE
NO.

2931

2932
2933
2934
2924,
2925
2926
2927

2928

Pig. 5. (Continued)

LIQUID

VAPOR

LIQUID

WADC-TR-55-345

STEEL

VAPOR

2939

STEEL
CODE
NO. LIQUID VAPOR

2930

2940
2941 |
2942

2943

2944,

2945

2929



Fig. 5. (Continued)
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CODE
NO,

2906
2907
2908
2909
2910
2911
2912
2913
2938
2915
2916
2917
2918
2919
2920
2921
2922

2923

L

STEEL
UID

VAPOR




CODE
NO.

INTREATED
CONTROL

201 i
2948
2949 |
2950

2951

2952

Fige 5. (Continued)
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SOLUBILITY OF CANDIDATE INHIBITORS AT LOW TEMPERATURES:

One of the objectives which was anticipated to be very restrictive is
the requirement on solubility of the inhibitor at low temperatures. Accord-
ingly the first eleven candidate inhibitors of Table % were taken through a
lov temperature solubility screening test. It was assumed that these solu-
tions would freeze at about 1B8°F. (average freezing point of 20% methanol
and denatured ethancl) and so the solubility test was conducted about ten
degrees F. above this point. To 100 ml. volumes of the alcchol, cooled by
plunging into a freezing mixture bath, increments of the candidate inhibi-
tors were added to determine whether at ‘least one gram would dissolve at
this temperature. The results are shown in Table L.

TABLE 4

SOLUBILITY OF CANDIDATE INHIBITORS IN 20 VOLUME PERCENT AQUEOUS
METHANOL AT 26°-30°F.

Code No. Compound Solubility in 100 ml. grams.
2517 Urea-Potassium nitrite 1.0

2511 Sodium benzoate 1.0

2570 Sodium nitrite - Oleic acid Floating separation
2516 Catechol 1.0

2564 Naphthenic acids Floating separetion
2914 Piperidine 1.0

2551 Undecylenic acid Very slightly soluble
2555 Proprietary 1.0

2512 Acetamide-Potassium nitrite 1.0

2544 Ammonium carbonate-Ammonium hydroxide 1.0

255C Proprietary 0.75
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Three of the candidate inhibitors did not dissolve gufficiently at
this temperature and were set aside. The remaining eight were carried into
further tests.

SURFACE TENSION STUDIES ON SURFACTANTS IN METHANOL SOLUTIONS

Corrosion inhibitors to be used in this application are also asked to
provide a surface temsion equal to or less than that cbtained with 0.05%
Triton X-100 in a 30% alcohol-water solution. Since the inhibitors of Table
4 would not meet this specification, compounding with a surfactant became
necessary. A number of wetting agents were selected on the basis of the
manufacturers' information that the materials were soluble in alecchol.

These were examined for their surface activity in 20-30% by volume methyl
alecohol. The dsta obtained are presented in Table 6 and the surfactants
are identified in Table 7 (page 36).

From Table 6 1t 1s seen that Aerosol OT at concentrations above 0.05%
was the most effective swrfactant in this methanol solution concentration
range. is material was therefore selected at an early stage for corrc-
sion studies in mixtures with the candidate inhibitors which passed the low
temperature solubility test. The amount of Aeroscl OT was varied in order
to observe the surface tension effects of the mixture when dissolved in 20%
by volume methanol. The results of these studies are presented in Table 5.

TABLE

SURFACE TENSTON OF 1% SOLUTIONS OF CANDIDATE INHIBITORS IN 20
VOLUME PERCENT METHANOL

Determinations by dulouy Tensiometer
at TT°F.

Surface Tension, Dynes per Cm.
Weight Percent Aeroscl OT

Code No. Inhibitor 0 0.01 0.05 0.10 0.20
-——— None 53.0 25.1 30.4 23.8 24 .9
2511 Sodium benzoate 49.6 32.9 25.0 23.8 24 .8
2512 Acetamide-Potassium 50,1 3L.6 24,3 24k 2k.5
nitrite
2516 Catechol h5.,5 34.0 27.h4 23.5 25.4
2517 Urea-Potassium nitrite 50.9 31.2 24.0 25.1 24,3
2544 Ammonium Carbonate- 50.0 33.0 25.6 2L .6 2.6
Armonium hydroxide
2550 Proprietary ho.2 31.9 oL 32.5 2.4
2555 Proprietary 36,2 36.2 36.1 35.7 34.5
2914 Piperidine 41.2 35.5 29.6 27.1 27,
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THBLE 6

SURFACE TENSION OF SURFACTANT-METHANOL SCLUTIONS

Determinetion by dulNouy Tensiometer at 77°F.

Weight Methanol Vol-
Surfactant Percent ume Percent Dynes per Cn.
None - 20 53.0
- 25 47.0
-- 30 47.5
- 60 33.0
Advawet 10 0.01 25 38.7
0.05 25 30.8
0.10 25 3L.4
Aerosol OT 0.01 20,30 35.0,31.6
0.05 20,30 _ 27.4,27.7
0.1l0 20,30 2k .0,25.6
0.20 20,25 25,0,24.8
0.25 60 32,0
Alrosol B Q.01 25 28.7
0.05 25 28.5
0.10(a){b) 25 28.3%
Dergon OM 0.01 25 28.0
C.05 25 27.5
0.10 25 28,0
Igepal CA 0.01 25 0.7
0.05 25 28.8
0.10 25 29,5
Ninol 737 0.01 25 27.7
0.05(a) 25 27.5
0.10{Db) . 25 27.3
Ninol 1281 0.01 25 27.5
0.05(a)(b) 25 27.0
0.10(b) 25 25.0
Nonic 218 0.01 25 4.3
0.05 25 33.3
0.10 25 29.0
0.20 25 29.3
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Surfactant

Oronite N1-8586

Plurcnic L62

Quasol 95

Synthetics B-T9

Triton X~-100

Tween 85

Victawet 12

=] OOP OO_Q

Weight
Percent

HOoOo
[« RN I o

o000 o O 900 .O:D.O
oo = OQ
AN AN Na NS

o3 2

'_l
o33

HOO
oW =

no
\n

0.0L
0.05
0.10
0.25

0.01
0.05
0.10(a)

TABLE 6= (eontinued)

Methanol Vol-
ume Percent

25
25
25

50
30
30

60
60

2>
25
22

25

25

25
20,30
20, 30
20, 30

60

30
30
30
30

25
25
25

Dynes per Cm.

3.4
3l.0
50.9

40.0
%6.8
35.6

2.7
33.1

30.9
27.6
28.0

{a) Became cloudy above this concentrsticn.

(b) Foamed excessively at this concentratipn.
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TABLE 7

IDENTIFICATION OF SURFACTANTS STUDIED

Advawet 10 Advance Scolvents and Chemical Corporation
Alkylaryl polyether alcchol

Aercsol 0T American Cyansmid Company
Dioctyl ester of sodium sulfosuceinic acid
Alrosol B Alrose Chemical Compsny
Fatty alkylol amide condensate
Dergon OM Arkensas Company
~Amino fatty acid ester
Igepal CA Antara Division, General Aniline and Film Corporation
Alkyl phenoxy polyoxyethylene ethanol
Ninol 737 Ninol Laboratories
A Tatty acid alkanolamide
Ninol 1281 Ninol Laboratories
A fatty scid alkanolamide
Nonic 218 Sharples Chemicals, Incorporated
Polyethylene glycol tertdodecylethioether
Oronite N1-8586 Oronite Chemical Company
Alkylaryl sulfonate
Pluronic L&2 Wyandotte Chemicals Corporation
Polyoxyethylene-polyoxypropylene block polymer.
Quasol 95 Quaker Chemical Products Company
Synthetics B-T79 Hercules Powder Company

An ethylene oxide condensate of an alkylated phenol

Triton-X-100 Rohm and Hmas Company
Alkylaryl polyether alcohol

Tween 85 Atlas Powder Company
Polyoxyethylene sorbitan trioleate

Victawet 12 Victor Chemical Works
Alkyl triester phosphate
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Proprietaries No. 2550 and No., 2555 produced relatively low sur-
face tensions in their own right when dissolved in 20% by volume meth-
anol. However, they were found to be less susceptible to a decrease in
surface tension by increasing concentrations of Aercsol OT than the other
selected inhibitors., The surface tension of the alcchol systems contain-
ing the other six candidate inhibitors appearing in Table 5 was readily
decreased by increments of Aeroscl OT. These latter materials except
piperidine were teken into accelerated corrosion tests. Piperidine was
omitted because on standing a flocculent separation was observed.

ACCELERATED SURVEY CORROSION STUDIES WITH
INEIBITOR-SURFACTANT FORMULATIONS

Since the two proprietaries in Table S5 appeared to be less subject
to lowering of the surface tension by the addition of Aerosol OT, and
since the piperidine system proved to be unstable, these candidate in-
hibitors were dropped from consideration and the remaining five taken
into a corrosion study by the accelerated method described in the section
on experimental procedires. The reliability tests also presented there
indicated that mild steel specimens would yield more indicative results
than those from aluminum and that the 20-hour exposure period would give
useful indicatiocns.

The five candidate inhibitors were dissolved in 20% by volume meth-
anol containing 0.07% Aerosol OT. Because of the limitations on the amount
of non-combustible solids only this minimum which would yield & surface
tension value comparable with that established for 0.05% Triton X-100 was
used, The results of these corrosion studies are shown in Table 8.
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The data in Table 8 suggested that the best three of the five inhib-
itors studied were sodium benzoate, equal part mixtures of acetamide and
potassium nitrite and equal part mixtures of urea and potassium nitrite.
Catechol was quite ineffective in the liquid phase. The result suggested
that this material was actually corrosive toward mild steel, It is be-
lieved that this effect was due to the accelerated conditions of the test,
namely the temperature of 136° + 1°F. and the constant aeration of the
alcohol solution. The ammonium carbonate-ammonium hydroxide combination
was also relatively ineffective in the liquid phase at the 0.1 weight per-
cent concentration,

STUDIES ON PROMISING INHIBITOR SYSTEMS

The eleven most promising candidate inhibitors appearing in Table 3
had been narrowed to three. At thiz point these three materials were ex-
plored in detall in respect to the remaining target specifications.

Surface Tenaslon Bvaluations,

Hitherto, only 20, 25 and 30% methanol solutions had been studied.
The next step was the evaluation of the effect of varying amounts of in-
hibitors on the surfasce tension, particularly in higher methanol concen-
tration solutions. This phase of the program was developed arcund the
three most promising candidate inhibitors as presented above. Table 9
shows the results of these studies.

It 1s epparent from these data that the surface tension of methanol
through the middle range of concentraticns is not effectively reduced by
Aerosol 0T. Increasing the amount of inhibitor had lititle or no influence
on the surface tension of the middle and high methanol concentration range.
In the lower to middle range, increasing the inhibitor concentrations of
sodium benzoate tended to reduce surface tension slightly, but little or
none for the other two systems. It was also seen in Table 6 that Triton
X-100 was no more effective at the higher methanol concentrations than
Aerosol OT. It became apparent about this time that the need for the low
surface tension in the medium range alcohcl solutions might not be requir-
ed. It was learned through conferences at WADC that the surface activity
target specification was intended for the thrust augmentation system to
be used in J-47 turbojet engines for which about 26-27% alcohol solutions
are specified. In reciprocating engines employing 50% alcohol the low sur-
face tension requirement is not essential. This thinking made it unneces-
sary to continue the attempt to lower the surface tension in middle-range
eoncentration alcohols., Aerosol 0T, Triton X-100 and still other surfac-
tants (See Table 6) showed promise of meeting the surface tension require-
ments for the lower concentration alechol solutions.
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TABLE 9
SURFACE TENSION OF METHANOL SOLUTIONS CONTAINING INHIBITORS

AND AFROSOL OT

Determinations by duNouy Tensiometer at T7°F.

Aerosol 0T, Inhibitor, Surface Tension, Dynes per Cm,

Weight Welght Methancl, Volume Percent _

Percent Percent 20 30 40 50 60 70 100

Inhibltor-Sodium Benzoate

0 1.00 L9.6 43,0 39.0 35.5 33.0 30.5 21,1
0.50 L8.5 2.5 38.0 35.5 33.0 30.5 21.2
0.10 50.0 k.0 39.5 35.5 33.0 30.0 --
0.00 53.0 47.5

0.05 1.00 25.0 29.0 33.0 35.0 33.0 30.5 21.3
0.50 27.0 25.5 3h.5 35.0 33.0 30.5 21.5
0.10 27.0 31.0 35.0 35.0 33.0 30.0 --
0.00 274 27.7

0.09 1.00 - 24,0 25.5 31.5 34,0 3%.0 30.5 21.0
0.50 25.0 26.5 32.0 34,0 33.0 30.5 21.1
0.10 25.5 28.5 33%.0 35.0 33.0 30.0 -
0.00 24,5 26.0

0.13 1.00 24.0 25.0 30.0 32.0 32.5 30.5 21.2
0.50 25.0 25.5 30.0 33.0 2.5 30.0 21.1
0.10 25.5 26.5 31.0 35.0 33.0 30.0 -
0.00 24,0 2L .0

0.25 1.00 -- -- 27.0 30.0 32.5 30.5 --
0.50 - - 28.0 3L.7 32.5 30.5 21.3
0.10 - 26,0 29.5 33,5 32.5 30.0 -
0.00 25.0
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TABLE 9 - {(continued)

Surface Tension, Dynes per Cm.

Aerocsol 0T, Inhibitor, Methanol, Volume Percent
Weight Percent Weight Percent 20 45 70
Inhibitor-Egual Parts Urea and Potassium
Nitrite
0 1.00 50.9 38.2 30.8
0.50 51.1 38.1 31.5
0.10 50.9 38.2 31.5
0.05 1.00 2L.0 2.9 30,7
0.50 25.3 34.8 30.4
0.10 26.4 35.8 30.3
0.09 1.00 24 .8 30.3 30.6
0.50 25.0 2.7 30.7
0.10 25.1 33.7 31.h
0.15 1.00 24k .8 28.9 30.6
.50 24,8 30.8 30.5
0.10 25.0 32.5 20.3
0.25 1.00 2L .8 27.2 30.5
0.50 25.1 29.0 30,4
0.10 24,3 30,6 30.6
Inhibitor-Equal Parts Acetamide and Po-
tassium Nitrite
0 1.00 50.9 38.1 30.9
0.50 50.8 37.0 30.5
0.10 51.0 38.0 30.8
0.05 1.00 25.1 2L L 30.8
0.50 26,1 33.3 30.4
0.10 25,6 35.1 30.8
¢.15 1.00 25.1 29,1 30.6
0.50 25.0 A0.3 30.6
0.10 . 24,5 : 3h,1 %0.9
0.25 1.00 25.0 27.8 30.6
0.50 25.4 28.6 30.5
0.10 = 24 .4 29.9 30.8
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Accelerated Corrosion Tests.

Corrosion studies conducted to this point had been designed to screen
out the less effective candidate inhibitors. The three most promising in-
hibitors were next teken intc a more elaborate accelerated corrosion study
as described in the section above on evaluation techniques. The results of
these tests appear in Table 10. Ethanol was included in the test program
Tor the flrst time.

Puble 10 shows thet in the sbsence of inhibitor, steel is far more
subject to weight loss attack than the 2024-T3 aluminum alloy. At 100%
by volume alcohol, however, very little corrosion with either metal was
experienced. Generelly, both vapor and liquid phase corrosion was large-
ly inhibited by any of the three candidate inhibitors, with the exception
of steel in the mlddle range concentrations of denatured ethancl contain-
ing sodium benzoate. The vapor phase corrosion of steel in 20% alcohol
solutions might be further improved. The inhibitors hasve usually reduced
the corrosion of the aluminum alloy in the liquid phase, but the effects
in the vapor phase are not clearly defined. Increase in weight following
exposure in the vapor vhase 1s frequently seen.

Non~Combustible Solids.

The Alr Force desired inhibitor systems which could be furnished
and shipped in a concentrated form for addition to diluted or undiluted
alecohol stocks. These will be referred to as inhibitor concentrates.
They may comprise single or multiple Inhibitors, usually in combination
with surface active agents, and the combinations may be furnished in
solid or liguid form, as for example dissclved in methanol.

The inhibited undlluted alechol stocks subsequently would be dilut-
ed with water to meet the differing concentration requirements for jet
and reciprocating englnes and for different opersting conditions., All
the dlluted alcohols must contailn sufficient Inhibitor concentrate to
meet theilr corrosion protection requirements. The corrosivity problem
normally becomes more difficult as dilution increases, hence the amount
of Inhibitor concentrate in the wndiluted alcohol would be four times
that fixed by the most dilute aleohol used, normally about 25%. In con-
sequence higher concentrations of the aleohols would carry an excess of
inhibitor concentrate, although the sodium benzoate-Aerosol OT system of
Table 10 seems to be an exception.

Surfactants as well as the inhibiftors might contribute solid resi-

- dues. Exhibit A (page 1) required that the inhibited 50-50 water-alcohol
mix should not carry over 100 ppm of non-combustible solid residues., Ef-
fective inhibition of corrosion of steel and z2luminum has been accomplished
by the three combinations of inhibitors and surfactants under specific con-
diticns as shown in Table 10. Although it was recognized that these sys-
tems would not comply with the 100 ppm non-combustible solids 1limit other
data were sought. Determinations of ignited solids residues appear in
Table 11.
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TABLE 10

STUDIES ON CORROSION INHIBITORS FOR WATER-ALCOHOL SYSTEMS

Test Conditions

Each solution contained 0.10 weight percent inhibitor and .07
welght percent Aerosol OT.

The SAE 1010 mild steel and 2024 -T3 aluminum alloy coupons were
hand polished with 240 grit aluminum oxide and exposed T2 hours
at 136° + 1°F. under continuous aeration.

Weight Loss, Mgz.

Volume 0-M~232 Methanol MIL-A-6091 Ethanol
Percent 1010 Steel 2024-T3 Al 1010 Steel 2024 -T73 Al
Alcohol Liguid Vapor Ligquid Vapor Liquid Vapor Liguid Vapor
Control -~ No Inhibitor or Aerosol OT
20 86.6 158.0 4.6 1.1 91.9  138.0 8.4 0.5
45 2.7 78.8 1.3 0. 93.8 hih o 1.h 0.9
70 0 o 0.6 0.5 34.8 7.5 0 1.1
100 0 0 0.8 0.3 0 0 0.2 0.9
Sodium Benzoate
20 o} .0 3,9 +0.4 0 5.7 3.2 0.1
45 0] (o] 0.7 1.2 58.3 39.8 0.3 +0.4
70 0 2.7 0.1 1.2 L8, 6.1 0.9 0.2
100 0 0 0.7 0.9 0 0 0.8 1.0
Equal Parts Acetamide-Potassium Nitrite
20 0 22.1 3.7 0.1 0 17.8 0.2 - +0.3
45 o} 0 0.4 0.8 0 0 1.0 0
70 0 0 0.6 0.7 0 0 0.2 0
100 0 0 0.5 0.6 0 0 0.2 0.2
Equal Parts Urea-Potassium Nitrite
20 0 15.8 4.2 +0.4 0 8.3 1.9 +1.4
45 0 0 0.5 1.6 o} 0 0 +0.5
70 0 0 0.9 1.0 0 0 0.2 +0.4
100 0 0 0.4 0 0 0 +0.4
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TABLE 11

NON-COMBUSTIBLE SOLIDS CALCULATTONS ON PROMISING INHIBITOR SYSTEMS

Ignited at 1000°C. to Constant Weight
Non-Combugtible

Inhibitor Composition Ash Determination, Solids Based On
Welght Percent Ratiola) Weight Percent 50% Alconol, ppm
Sodium benzoate 58.8 .10

Aerosol OT hi.2 O7 19.9 677
Acetamide 29.4 .05

Potassium nitrite 29.4 .05

Aerosol OT .2 .07 25.4 866

Urea 29.4 .05

Potassium nitrite 29,4 .05

Aerosol OT 1.2 .07 19.7 670

(a) See Table 10

It is seen that the non-combustible zolids residues calculated for a
50-50 alcohol-water mix are very high(1l).

REDUCTION OF NON-COMBUSTIBLE SOLIDS IN PROMISING INHIBITOR SYSTEMS

The emphasis in thls phase of the work was placed on {1) substituting
a8 benzole acld - amine combination for sodium benzoate, (2) the reduction
of the relative amount of potassium nitrite in the systems with urea or
acetamide, (3) complete replacement of potassium nitrite with an organic
nitro compound and (4) search for a swrfactant that in addition to fulfill-
ing other requisites would contribute a minimum of non-combustible solids.

(1) Were the actual requirements for corroslon protection in the 50-50
mix to be determined, the levels might very well be much lower and the prob-
len of meeting the solids requirement less formidable. In any case the prop-
er amount would have to be determined for each system. It might become pos-
sible in this way to utilize the effective potassium nitrite-urea or ~aceta-
mide inhibitor systems in a separate grade of booster fuel for reciprocating
engines, should other advantages warrant this. Notwithstanding this possi-
bility, all subsequent work was directed toward the reduction of non-combus-
tible solids residues,
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Substitute for Sodium Benzoate.

Although sodium benzoate had shown some promise as a water-alcohol in-
hibitor, the high non-combustible residue was undesirable. Combinations of
benzolc acid with cyclohexylamine or dicyclohexylamine were tried at various
molecular ratios, with and without l-nitropropane, as possible substitutes
for the sodium salt. These tests are shown in Table 12. Since these for-
mulas carried 0.07% Aerosol OT which had been found to show 13,9% uncombus-
tible solids this would contribute 700 x 0.139 = 92 ppm non-combustible res-
idues. Since the other ingredients should contribute little or nothing to
this total, all these formulas appear to meet requirements. Formulas 4, 5,
7 and 8 show the greater promise.

TABLE 12

PROTECTIVE EFFECT OF BENZQIC ACID-AMINE FORMULATIONS

Conditions: Solutions contained 0.1% inhibitor and 0.07%
Aerosol OT in 25% methanol. Sandblasted SAE
1010 steel specimens exposed 20 hours at 136
+ 1°F. under continuous aeration.

Inhibitor Composition, Weight Percent

Component L @ 6 & GomEe M & e
Benzoic Acid 57 40 0 10 25 Lo 10 .25 40
Cyclohexylamine 43 60 - 50 50 50 - - -—
Dicyclchexylamine -- - 60 -- -- -- 50 50 50
1-Nitropropane .- - -- 4o 25 10 Lo 25 10

Mol Ratio Amine/Acid 0.93 1.84% 1.01 6.15 2.46 1.54 3.37 1.34 0.84

Wt, Loss, Mg.:

ILiquid phase 0.3 0.5 0.7 1.1 © O 0 0] 2.1

Vapor phase 21.2 6.9 244 1.7 2.4 34 1,2 2.2 6.5

In Formulas 1-G (Téble 12) the inhibitor is essentially a benzcate salt
cf an amine, with some excess or deficiency of amine in respect to the the-
cretical 1l:1 ratio. The calculated ratics are shown for each formula. Good
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liquid phase protection has followed regardless of the ratlo but vapor
phase corrosion seems to depend on other factors. In the absence of ni-
tropropane, corrosion was severe when the ratioc of amine to acid was ap-
proximately 1l:1 or less, representing presumably a neutral to acidic con-
ditlion (Formulas 1 and 3). When the ratio was materially increased, vapor
phase corrosion was reduced (Formula 2). Partial replacement of the amine
by nitropropane, even at the expense of & reduced alkalinity and amine/acid
ratio, materially reduced vapor phase corrosion in these systems, showing
the value of this material (compare the formules 2, 6, 5, 4 and 3, 9, 8, 7).

Reduction of Potassium Nitrite.

The inhibitor systems containing potassium nitrite with elther urea
or acetamide were modified by lowering the potassium nitrite and raising
the orgenic inhibitor content. These were evaluated for corrosion protec-
tion in methanol systems through the range 25-100% by volume., The solutions
were prepared by dilution of the specification methancl. For purposes of
expediting the work, the shorter exposure period of 20 hours and use of
sandblasted specimens were employed. The effect of this reduction of po-
tassium nitrite in relation to corrosion inhibition is shown in Table 13.

The reduction of potassium nitrite through the range studied did not
greatly influence either liquid or vapor phase protection agalnst corro-
sion. Some improvement would be desirable in the 25% alcohol solutions.
While modifications might be suggested which should improve both liguid
and vapor. phase protection and reduce non-combustible solids (which are
still too high throughout Teble 13) it was not practicable to carry this
work further in the time available,

Replacement of Potassium Nitrite.

The use of the potassium nitrite salis stemmed from the earlier gen-
eral screening program. As it became clear that the non-combustible solids
residue specification probably could not be met by using this material,
substitute organic nitro compounds were sought. In Table 14 data are shown
on the comparative protection of steel in liguid and vapor phases by equal
part mixtures of acetamide, urea or cyclohexylamine with selected orgenic
nitrite salts and organic compounds containing the NO= group.

On the basis of the data presented in Table 14, it is evident that the
dicyclohexylammonium nitrite when used with acetamide or urea was quite ef-
fective in the liquid phase but potassium nitrite was still the best in these
combinations. For vapor phase protection of steel, l-nitropropane used in
conjunction with acetamide, urea or cyclohexylamine was especially effective.
This work yielded & basis for the formulations evaluated in Table 15,
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TABLE 14

PERFORMANCE OF ORGANIC NITRO COMPOUNDS VS.

POTASSTUM NITRITE IN CORROSION INHIBITCR FORMULAS

Conditions: Solutions contained 0.1% concentration of equal
part mixtures of nitro compound with acetamide,
wrea or cyclohexylamine, plus 0.07% Aerosol OT

in 25% methanol.

Sandblasted SAR 1010 steel

specimens exposed at 136 + 1°F. for 20 hours
under continuous aeration.

Weight Loss, Mg. per Specimen

Acetanmide

Urea Cyclohexylamine

Liquid Vapor

Liguid

Vapor Liguid Vapor

Phase Phase Phase Phase FPhase FPhase
Potassium nitrite 1.1 28.0 2.6 15.0
Diisopropylammonium nitrite 9.1 11.6 9.7 17.2
Dicyclohexylammonium nitrite 2.8 16.0 4.6 19.4
5-Nitrosalicylic acid 35.3 20.9 %6.8 16.9
1-Nitropropane 5.5 5.3 32.3 5.3 bk 5.0
p-Nitrophenocl 102.8 12.2 99.6 29.8
m-Nitroaniline 18.1 6.5 . 17.h4 20.7
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TABLE 15
PROTECTIVE EFFECT OF 1-NITROPROPANE FORMULATIONS

Conditions: Solutions contained 0.1% inhibitor and 0.07% Aerosol OT
in 25% Methanol. Sandblasted SAE 1010 steel specimens
exposed 20 hours at 136 + 1°F. under continuous aeration.

Inhibitor Compositions, Weight Percent

Component G (&) &) MW G 6 @ (&8 (o (o o
1-Nitropropane 7 75 10 20 10 20 10 20 10 20 L5
Urea 25 -- ko ko ko 4O .- - . . L
Acetawmide -~ 25 ~- -« = . 40 H0 40 Lo -

Dicyclohexylammonium
nitrite == == 50 L0 -~ = 50 40 .- -. 55

Di-isopropylammonium
nitrite - == a- -~ 50 4o - -- 50 .40 --

Wt. Loss, Mg.:
Liguid phase 41.0 49.0° 0.2 © Y. 2.7 0 2.8 4.5 1.0

Vapor phase 2.1 1.9 3.01.0 5.9 3.7 2.2 3.0 2.7 5.2 3.5

The four formulas which showed the most promise are, in order, numbers
4, 7, 8, and 11. The vapor phase corrosion values are low and liguid phase
values very low, and equal or better than obtained from previous potassium
nitrite formulas. All contaln nitropropane, from 10 to 15%, This appears
to be essential for obtaining the low vapor phase corrosion losses gince
Table 14 indicetes that neither of the ammonium nitrites when combined 50~
50 with elther urea or acetamide approached these low values. On the other
hand urea or acetamide may not be essential o good results (Formula 11),
and lerge amounts of nitropropane in combination with these failed complete-
ly to prevent liquid phase corrosion of steel.

Nonionic Surfactant Replacements for Aerosol OT.

Most of the formulas tested were made up with Aerosol OT since Table 6
had disclesed this to be the most effective surfactant. It had been in-
dicated that the extremely low surface tension values obtainable with this
agent in 25-30% slcohols would not be required. In crder to reduce non-com-
bustible residues further, five of the more effective surfactants were ex-
arined along with a reduced amount of Aerosol QT (0.03%) for their activity
and compatibility in three promising inhibitor systems selected from Tables
12 and 15. CObservations were made on stability at 23° and 140°F. Table 16
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TABLE 16

SURFACTANT ACTIViTY AND COMPATIBILITY WITH CANDIDATE INHTBTTORS

IN 25 VOLUME PERCENT ALCOHOLS

Tach solution contained 0.03 weight percent surfactant and 0.10 weight
percent inhibitor. Storage period 65 hours.

Methanol
Surface Tension, Dynes/cm Observations at End of Test (a),(b)
Initial After Storage at Methanol Ethanol
Surfactant at 25°F 23°F. LO°F 23°F, L40°F. 23°F. 140°F.
Tnhibitor: 10% Benzoic Acid, 50% Dicyclohexylamine, #0% Nitropropane
Ninol 1281 27.2 27.0 27.0 S 5 Cd c
Quasocl 95 30.6 30.4 29.2 ¢ C 8 c
Dergon OM 27.7 28.1 28.2 8 5 S cC
Triton X-100 28.5 30.6 29.9 c c C ¢
Victawet-12 28.1 27.3 - 28.4 C c c C
Aerosol OT 28.4 28.7 28.6 cd cd ca cd
Tnhibitor:. 40% Acetamide, 50% Dicyclohexylammonium nitrate, 10%
Nitropropane.
Ninol 1281 2Te5 27.1 26.8 cd 8 3 5
Quascl 95 31.6 28.8 32.1 8 c c c
Dergon OM 27.8 27.0 26.7 3 S 5 S
Triton X-100 28.9 29.2 29.h C c c c
Victawet-12 27.5 27.7 27.6 c C C C
Aerosol OF 27.3 27.6 27.h cd c cd cd
Tnhibitor: 40% Urea, 40% Dicyclohexylammonium nitrite, 20% Nitropropane
Ninol 1281 27.5 26.5 27.0 S S cd s
Quasol 95 31.8 28.2 3L.7 C c 5 C
Dergon OM 27.8 27.1 27.0 8 ) S 8
Triton X-100 28.0 29.4 29.2 C C C C
Victawet-12 28.7 27.5 27.9 C C ¢ c
Aeroscl OT 27.3 27.1 27.2 ' cd c Ca cd

(2) C = clear, Cd = Cloudy, s = sediment, S = much sediment - afier coming
to room temperature.

(b) Undiluted alcohol solutions containing four times the above concentra-
tions of inhibitor and surfactant all remained clear under similar con-

ditions.
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glves the results of these studies. The Aerosol OT formula is calculated
to show about 42 ppm non-combustible s0lids, and the other formulas would
be expected to show considerably less, From data on ash determinations of
experimental formulas 7 and 8 of Table 12 and 4, 7 and 11 of Table 15 (to
be presented in Table 17) the ecalculated non-combustible residues of inhib-
ited 50-50 alcohol-water mixes should not exceed 10 ppm.

The selected candidate inhibitors showed very little effect on surface
activity of 25% by volume methanol containing the suwrfactants. Although
Quasol 95 was least efficient as a surfactant, poor compatibility was more
generally the reason for rejection, The lower temperature caused more ser-
lcus Incompatibilities than the higher temperature. All the surfactants
with the exception of two showed some degree of incompatibility at one
temperature or the other in either methanol or ethanol, The two surfactants
which seemed entirely compatible were Triton X-100 and Vietawet 12. TInhib-
iltor solutions with these swrfactants remained clear in both alcohols at
either temperature for the 65 hour test Period.  Victawet 12 was favored
for its non-foaming characteristics. Although Aerosol OT was the most ef-
fective wetting sgent in two of the three systems, it showed poorer com-

-

patibility with the candidate inhibitors.

CORROSION TESTS WITH SELECTED INHIBITOR SYSTEMS

As indicated in the section on experimental techniques, steel was the
metal most indicative of the corrosion inhibition effects of experimental
formulations, However, in order to comply with item five of Exhibit A, &
more complete picture was required on the protection of aluminum and alum-
inum coupled with type 304 stainless steel. Further, the range of alcohols
to be inhibited was to include use concentrations and wndiluted methanol or
denatured ethanol. Since the experiwental inhibitors had been narrowed down
to a few, it became appropriate to evaluate their effectiveness more com-
pPletely. The weight loss data for the three types of metal specimens with
the five most promising experimental inhibitcrs (Tadle 17) used in appro-
priate concentrations of either alecohol are presented in Table 18. Table
19 is a record of the visual observations made on the test specimen at the
end of the T2-hour exposure period. Figures 6, 7 and 8 are rhotographs of
the specimens after test.
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COMPOSITION OF SELECTED INHIBITOR CONCENTRATES

TABLE 17

Composition, Weight Percent

CR-2003-D CR-2083-E CR-2990-A1 CR-2990-A2 CR-2990-A3

Corresponding No. 8 No. 7 No. 11 No. 7 No. 4
Earlier Formulation Table 12 Table 12 Table 15 Table 15 Table 15
1-Nitropropane 5.75 9.2 10.4 2.3 4.6
Dieyclelohexyl- -- - 12.6 11.5 9.2

amoniur nitrite
Acetamide -~ -- - g.2 -=
Urea - - - -- g.2
Diecyclohexylamine 11.5 11.5 -- - -
Benzoice acid 5.75 2.3 - - -
Victawet 12 7.0 T.0 T.0 7.0 7.0
Methanol T0.0 T0.0 70.0 70.0 T0.0
Ash determina-

tion, weight 0.18 0.23 0.31 0.25 0.19

percent
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INHIBITOR
ALCOHOL

CONTROL 25

MIL-C-433% 25

CR=-2990-A1 25
50

100

CR-2990-A2 25
50
100

CR-2990-A3 25
50
100

CR-2983-D 25
50
100

CR=2083-E 25
50
100

Fig. 6. Steel specimens used in tests described in tables 18 an@ 19.
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INHIBITOR
ALCCHOL
VOLUME
PERCENT

CONTROL 25

MIL=C-4339 25

CR-2990-A1 25

50
100

CR-2990-A2 25
50
100

CR-2990-A3 25
50
100

CR=2983-D 25
50
100

CR=-2983-E 25
50

100

Fige 7. Aluminum specimens used in tests described in tables 18 and 19.
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ALUMINUM

[+

2 2B METHANOL

E %igggg LIQUID

= S6F  LIUD
MILC-4339 25 ‘

CR=2990-A1 25

50

100

CR=2990-A2 25

50

100

CR=2990-A3 25

50

100

CR-2983-D 25

50

100

CR-2983-E 25

50

st b

100

Fig. 8. Coupled aluminum specimens used in tests described in
tables 18 and 19,
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The results of the corrosion studies presented in Tables 18 and 19 and
in the photographs, indicate that the three most effective formulations are
CR-2990-A1, -A2, -AJ. The soluble oil covered by specification MIL-C-4339
was included in this work for comparison. Several observations on the out-
come of these tests are enumerated below:

1. Although SAE 1010 steel lost the most weight under the non-
inhibited experimental conditions, it was almost completely
protected in both liquid and vapor phases by three inhibitors
(CR-2990-A1, -A2 and -A3, Table 17).

2. The 2024-T3 aluminum alloy is not as completely inhibilted
a5 the SAE 1010 steel under these experimental conditions.
However, the type of corrosion occurring to the aluminum
is probably not as troublesome as that which occurs to
steel. The corrosion products appear to be tightly adher-
ent and perhaps form a protective film rather than loose
flaking materials. The weight loss data of Table 18 gen-
erally correspond to discoloration effects as shown in the
photographs. In some cases a slight discoloration is re-
Tlected by a weight gain.

3. When 202L-T3 aluminum alloy was coupled to 304 stainless
steel the severity of corrosion attack was not increased
over that occurring to specimens in the uncoupled situation.
There were no detectable effects to the stainless steel mem-
ber of the ccuple.

4. Under these test conditions the soluble o0il covered by speci-
fication MIL-C-4339 appears to coat the surface of the test
specimen and to offer a high degree of protection through
this mechanism. The soluble oil appears to be very effec-
tive except for vapor phase steel corrosicn when used in de-
natured ethanol. The soluble ¢il was not used in undlluted
alechols because of incomplete solubility,

SURFACE AND INTERFACIAL TENSION VALUES OF SELECTED INHIBITCRS

Swrface tension and interfaciel tension values were determined for the
best three compositions and soluble oil in the approximate concentration of
alcohols at which these values become important. Teble 20 shows the results
of these tests.
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TABLE 20
SURFACE AND INTERFACTAL TENSION OF INHIBITED 25% BY VOLUME ALCOHOLS

Solutions contain 0.5 parts inhibitor per 100 parts 25% alecchol

by volume.
Determinations by duNeuy Tensiometer
| Dynes per Cm at 77°F.(b)
Surface Tension ‘Interfacial Tension ng
Inhibitor Concentrate Methanol  Ethanol Methanol ~ Ethanol
MIL-C-L339 30.5 30.7 1.4 1.4
CR~-2990-A1 27.6 27.8 9.0 8.7
CR-2G90-A2 27.7 27.3 9.1 8.6
CR~2990-43 27.7 27.5 9.4 8.8

(a) Interfacial tenmsion against Nujol.

(b) Triton X-100 at 0.05% in 30% methanol-vater solutions shows surface
and interfacial tension valueg of 28.0 and 4.9 respectively. These
are the target values,

Recent conferences with military personnel of WADC have cast some doubt
on the need for very low surface tension in a water-alcohol thrust augmenta-
tion system, Nonetheless it was recommended that a low surface tension value
be maintained if possible. The three experimental formulations meet the
specification. The interfacial tension values of these solutions however
do not meet the 0.05% Triton X-100 in 30 volume percent aleohol requirement.
The consequence of failure to meet this specification is unknown to the
vriter. On the other hand the soluble 0il meets the interfacial tension
and fails the surface tension requirements.
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COMPATIBILITY OF INHIBITCORS WITH HARD WATERS

Since it was known that the Alr Force has encountered difficulty with
herd waters when using the MIL-C-4339 soluble oll a5 a ecorrosion inhibitor
in alecohol-water systeme, the compatibility of experimental inhibltor con-
centrates in methanol diluted with hard water was checked. The experimental
work conducted previously used dilutions made by 6-7 gr. Wyandotte city tap
water, The three inhibitors were prepared in solutions containing 25 volume
percent 0-M-232 methenol and MIL-A-6091 denatured ethanol and 75 volume per-
cent of 10, 30 and 50 grain artificial hard water according to specification
USHN (BuShips) 51-1-19. This formula calls for calcium and nagnesium chlor-
ides but no carbonates., The solutions were allowed to stand at room temper-
eture for 15 days. The results of these tests are shown in Table 21:

TABLE 21

STABILITY OF 25% METHANOL SOLUTIONS DILUTED FROM
INHIBITED METHANOL BY HARD WATERS

Conditions: 15 Days at Room Temperature.

All Permanent Hardness, Grains/Gal.

Inhibitor Concentrate 0 20 50
MIL-C-4339 LoR (a) 90% (a) 100% (a)
CR-2990-A1 None (D) None None
CR-2990-A2 None None None
CR-2990-A3 None None Hone

(a) MIL-C-4339 soluble oil contains 85$ oil., All of it (100%) appeared to
have separated following dilutlon with 50 gr. water, and lesser propor-
tions with the other waters.

(b) All CR-2990 inhibited solutions clear. Very small amounts of fine
crystalline sediment noticed in each case, independent of water hard-
ness.
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A very small amount of sediment developed but was Judged to be of
little consequence in the use of these solutions as fuel boosters., The
soluble oil was studied in parallel. Definite sepsration of the oil from
the water-alcohol mixtures was observed o be Proportional to the hard-
ness of the water used in the solution. At the end of 15 days it was
estimated that complete separation had occurred with the 50 grain water,
sbout 90% separation in 30 grain water and about 40% separation in a 10
graln water,

FOAMING CEARACTERISTICS OF INHIBITORS

The CR-2990 inhibitor concentrates contain an amount of surfactant to
produce & minimum surface and interfacial tension when used in alcohols 4i-
luted to the 20-30% by volume level. Previous work disclosed that the choice
of surfactants of those investigated was restricted to Triton X-100 and Vie-
tevet 12 on the basls of effectiveness and compatlbility. The latter was
selected for formulation because of the far lower level of foaming it in-
duced, particularly in diluted alcohols. Although no specific foaming tests
were conducted, cbservations of relative foaming were readily avellahle from
the reflux type corrosion test runs during which compressed air was contin-
uously distributed through the solution by fritted tubes. Foaming was prac-
tically non-existent in diluted alcohol solutions containing the CR-2990 in-
hibitors. Minor foam on the surfaces of aerated golutions dissipated in--
stantly.

INHTBITOR CONCENTRATE SAMPLES CR-29Q90-A1, -A2, AND -A3 F(R WADC

It was hoped initially that stable concentrates of the ingredients of
the CR-2990 formulas could be prepared so that the addition of one volume
to 99 volumes of the undiluted alcohols would be sufficient. Although the
ingredients could be gotten into solution at room temperature, difficulty
reversible solids separation cccurred on slight cooling. The maximum con-
centration which appears at all practical is 30% ingredients dissolved in
70% by weight undiluted methanol. Such solutions have remained stable and
clear at room temperature for many weeks and are believed to remain stable
at temperatuwres down to %2°'F. and perhaps lower, No investigation of the
addition of & few percent water has been made &5 an aid to increasing sol-
ubility. PFurther studies are obvicusly desirable.
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The approximate densitles of the Inhibltor Concentrates as obtalned by
weighing 500 ml. volumes in graduated cylinders in alr, without corrections,
are:

Apparent Density Apparent Ibs./Gal.

CR-2990-A1 : 0.860 7.18
CR-2990-A2 0.862 7.20
CR-2990-A% 0.878 7.33%

The smounts of any of these concentrates at present suggested to be
used are as follows:

17.7 g. or 20.4 ml./liter of undiluted alcohol
147.5 1b. or 20.4 gal./1000 gal. of undiluted alcohol

Addition to undiluted alcohol followed by water dilution msy prove more
satisfactory than addition of the concentrates to diluted aleohols. Safety
precautions in handling the concentrates similar to those for undiluted meth-
anol are suggested. Exposure to temperatures below %2°F. are not advised
under present knowledge. Should this occur the stocks should be examined
for any non-homogeneity and reconstituted by warming by steam coils or warm
storage and thorough mixing. :

STABILITY OF INHIBITCR SYSTEMS IN METHANOL AND ETHANOL

Figures ¢ and 10 outline the stabllity requirements‘according to item 3
of Exhibit A, and Tsble 22 presents the fundamental data upon which these re-
quirements are based. The points designated by "+" represents the composi-
tions of systems made up and tested at the temperatures indicated. The upper
1imits were in general 160°F. (which is more thean 10° below the boiling point
range for most of the water-alcohol compositions) and the lower limltis were
10° sbove the freezing point of the corresponding systems, or -05°F., which-
ever is the higher. The tests were made by preparing the water-alcohol sys-
tems at ambient temperature, lowering the temperatures as indicated and add-
ing the recommended amounts of Inhibitor Concentrates (see Table 17). Imn
all cases the materials went into clear solution without evidence of phase
separation, turbidity or instability. However, when several times the recom-
mended amounts of the materials were added to the more dilute alcohol systems
at near freezing temperatures cloudlness resulted. When inhibited undiluted
alcohols were diluted to use concentrations, no turbidity or cloudiness was
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observed. The amounts of imhibitor ingredlents used corresponded to 0.4
weight percent not including surfactants, on the undiluted alecohcl basis,
or to 20.4 volumes approximately of any one of the CR-2990 formulas to
1000 volumes undiluted methsnol or ethanol.

Solutions of 25% inhibited methanol and denatured ethanol have stood
with perfect clarity for many weeks at rcom temperatures,

The soluble ¢il is not entirely soluble in the undiluted alcohols
at any temperature. When soluble oil at a concentration of 0.5% by vol-
ume was added to use~dilution alcohols an 0oily phase separated in all
cases with the exception of samples held near room temperaturse. The sol-
uble oil would not appear to comply with item 3 of ‘Ixhiblt A.

The long term stabllity of the CR-2950 systems in diluted or undiluted
alcchol at very low or very high temperatures could not be checked within
+the time available.

IV SUMMARY AND CONCLUSTONS

1. Following = literature search, 137 candidate corrssion inhibitors were
examined for their effectiveness in prescribed water-alecohol solutions.

2. This screening program disclosed 26 materials or combinations that af-
forded considerable protection to mild steel and aluminum in both liquid
and vapor phases.

3, FEleven of the twenty-six materials were selected for their good protec-
tive qualities. These were examined more closély for fulfillment of
other target specifications. The three inhibitors found to be the most
effective of this group were sodium benzoate, a mixture of equal paris
of urea and potassium nitrite and a mixture of equal parts of acetamide
and potassium nitrite. These three systems were found to exceed the
specified non-combustible solids limits when used at levels necessary
o attain the desired corrosion protection.

4. The Inhibitor Concentrates described in (5) complied fully with reguire-
ments as to non-combustible golids and vertually all of the other re-
guirements--see (6) below. In spite of this, further investigation of
+he inhibitor compositions under {(3) may be justified for non-recipro-
cating engine service since most and possibly all the other requirements
of Exhibit A can be met with formulaticns of this basic type.
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5. In attempts to reduce the smount of non-~combustible solids, substitu-
tions were made which resulted in the following three Inhibitor Con-
centrate systems:

Weight Percent
CR~29%0 CR-2990 CR-2930

-Al A2 -A3
Nitropropane 10.4 2.3 4.6
Dicyclohexylamine nitrite 12.6 11.5 9.2
Acetamide -- 9.2 --
Ures -- - 9.2
Victawet 12 7.0 7.0 7.0
Methanol 70.0 70.0 70.0

100.0 100.0 100.0

6. The proposed Inhibitor Concentrates and Soluble 0i1l MIL-C-4339 conform
to the requirements of Exhibit "A" as follows:
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