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ABSTRACT

A phosphate-free composition was developed for use aither as an
elkaline paint remover or as an alkaline cleaner. Ysed as a paint
renover at its optimum solution concentration of 12.0%, the performance
of the composition compares favorsbly to thot of the class 1 paint
remover of Federal Specification TT-R-2308; at &4.0% the performance is
superior to that of the class 2 paiat remover of TT-R~230B; and at 3.1%

the performance is about egual tc that of the alkatine cleaner of Federal
Specification P-C-436C.
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. INTRODUCTION

Powdered compounds dissolved in water solutions are utilized for most
cleaning and paint stripping operations during manufacture, overhaul, and
rebuild of material. They are perferred over solvent types because they
are easy to handle, relatively nontoxic, non-flammable, and can normally
be disposed of by standard waste discharges. In recent years concern
has been expressed about the conten.s of water discharges. from arsenals,
depots, and manufacturers engaged in production of =quipment. One of
the major areas of concern has been with phosphates in such cempounds
because of the eutrophication of streams and waterways.

Phosphates have been labeled as one of the important contributors
to the eutrophication of streams and waterways (1 and 2), and because of
this wide-spread efforts are being made to replace or reduce them in all
types of cleaners ( 3 and 4). Some localities have passed laws requiring

their reduction in or total elimination from household cleaning compounds
(5, 6, and 7).

Phosphates are commonly used in alkaline cleaners and in slkaline
paint strippers to increase efficiency. The method by which phesphates
perform is complex and not entirely understood. However. they ar= known
to deflocculate certain soils and to sequester unwanted metal iot- under
certain conditions. In addition, phosphates provide a reserve alkalinity

and, therefore, help mzintain a constant pH value during the cleaning or
paint-stripping operation.

This report describas the development of a phosphate-free composition
which can be used either as a cleaner or as a paint stripper depending on
concentration. The composition is suitable for replacing the alkaline
cleaner of Specification P-C-436C (Table 1) and both of the paint removers
of Specification TT-R-230B (Tables Il and I11).

f1. DETAILS OF TEST

The test methods used in this investigation were the performance
tests of Federal Specifications TT-R-230B and P-C-436C. The concentra-
tion of the test solution of the developed phosphate-free composition
was adjusted to give the greatest effectiveness for the specific use.

That is, the solution concentration of the phosphate-free composition was:

12.0% when tested according to Spec TT-R-230B for class 1,
4,0% when tested according to Spec TT-R-230B for class 2,
3.1% when tested according to Spec P-C-436C.

The alkaline paint remover specification TT-R-230B lists two classes
of strippers; class 1 for use with ferrous and magnesium metals; class 2
for use with non-ferrous and aluminum metals. The formulas for these two
products and for the alkaline cleaner P-C-43GC are shown in Tables I, il,
and t!l. Data for establishing concentration, surfactant ratios and
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amounts of corrosion inhibitor are presented in Tables IV, V and VI.
Table Vil shows comparative penetration data, for establishing optimum

free-flowing characteristics. Tables Viil, 1X and X compare the nerform-
ance of proposed new phosphate-free cleaners to that of the original

specification materials (P~C~436C and classes 1 and 2 of TT-R-230B).
Cost comparisons are shown in Table Xi.

111, RESULTS AND DIScussion

Several corrosion inhibitors were screened for protection of alumi-
num in a phosphate-free alkaline cleaner solution based on sodium meta-
silicate and an anionic detergent. Potassium chromate was found to pro-
tect aluminum from corrosion up to a pH value of 12.8. However, the con-
centration of potassium chromate required was about 7.5% of the total
cleaner composition, and this would have introduced disposal problems.

Two other inhibitors, 2-mercaptobenzothiazole and 1,3 di-n-butyl-2-thiourea,
were tried separately at 7.5% of the total cleaner composition, but neither
could protect aluminum from corrosion in an alkaline cleaner solution

having a pH of 12.8. The most effective corrosion inhibitors tested were
sodium stannate and potassium stannate. The stannates were selected as

the basic inhibitor systems for all studies relative to ojtimizing the
replacement formulations.

The standard comparison compound of Spec P-C-436C (Table 1) is used
at a solution concentration of 4.75%, pH value 12.2, and is non-corrosive
to aluminum. This composition modified by using a 38% active anionic for
the 40%, omitting the phosphates, and making the remainder sodium meta-
silicate can be made non-corrosive to aluminum by addition of sodium or
potassium stannate (Table IV). Only the soluticn concentration of sodium
stannate (or potassium stannate) is varied in the tests of Table IV and
the pH value is 13.0 in each test. The lower limit for protection of
aluminum 1100 against corrosion, when tested as specified in Spec P-C-

436C paragraph 4.4.2, is about 1.2% for either sodium or potassium stannate
(compositions 3 and 7).

The lower limit of the solution concentration of compostion 7 (Table

7 [~

V) for satisfactory cleaning when tested according to Spec P~C-436( is
about 2.0 percent, corresponding to a pH value of 12.8 (Tabie V). At
this concentration the composition passes the mineral oi} cleaning test

and cleans the asphalt soiled panels as readily as does the standard
comparison compound.

The most effective ratio of nonionic surfactant to anionic,surfact~
ant for asphalt cleaning at a pH of 12.8 is about 0 5 {Table Vi), which

is the ratio used in composition 7 (Table §V). The solution concentra-
tion of only the nonionic is varied in these tests.

Composition 7 (Table V) has a lcwer penetration value than does
the comparison compound of Spec P-C-436C. Penstration test data is shown
in Table VIi. This indicates a less granular quality, and past expserience

viould indicate it might lump or cake badly on storage. Actually the com-
position dous become less free={lowing during storage.

2




The penetration value of the phosphate-free composition can be raised
to an acceptable level, however, by using the pentahydrate instead of the
anhydrous form of sodium metasilicate (composition 9, Table Vii). The
mole ratios of the ingredients ir composition 9 are ‘he same as in compo-
sition 7. Composition 9 must be used at a higher corcentration than com-
position 7. The use concentrations for alkaline cleaning at a pH of 12.8
are indicated in column 2. At these solution concentrations the molar
concentration of each ingredient does not change from one cleaner to
another. Compositions 10 and 11 (Table VII) are modifications of compo-
sitions 7 and 9 respectively: a 40% active dodecylbenzene sodium sulfo-
nate is substituted for the 98% active, with all mole ratios kept con-
stant. Of these 4 compositions only number 9 has a penetration value as
high as the standard comparison compound of Spec P-C-436C (Table VII).

Composition 9 (Table VII), the phosphate-free composition with the
highest penetration value, at a solution concentration of 3.10% as a
cleaner passes ali the pe:formance requirements of Spec P-C-L436C except
the pH value (Table VI)i). Although the pH value of composition 9 exceeds
that of the comparison compound of Spec P-C-436C, the aluminum corrosion
is no greater than that of the comparison compound.

At a solution concentration of 4.0%, composition 9, as a stripper,
passes all the performance tests for the class 2 paint remover of Spec
TT-R-230B except that for the pH value (Table IX). This paint remover
is normally used at 9.0% for stripping paint from aluminum. The higher
pH value of compesition 9 at 4.0% is not considered a disadvantage as
this solution does not corrode aluminum.

At a solution concentration of 12.0%, composition 9 compares favor-
ably with the class | paint remover of Spec TT-R-230B. “his paint re-
mover is normally used at 9.2% for removing paint from ferrous and mag-
nesium metals. The 12.0% soluticn of composition 9 has a lower pH value
than the test solution of the standard compariscn comncund and is slower
in removing paint (Table X). The paint removal time may exceed that of
the comparison compound by as much as 200%, but this may not prove a
disadvantage as the maximum time for stripping is no more then two minutes.

Based on cost of ingredients, composition 9 could bc used to replace
the alkaline cleaner of Spec P-C~436C with a savings of 45% and the class
2 paint remover of Spec TT-R-230B with a savings of 38% (Table XI). Re-
placing the class 1 paint remover of Spec TT-R-230B with composition 9
would result in an increase in cust of 55%.

IV. RECOMMENDATION

In view of its successful performance, a large scaie cgking-in-
storage test of the phusphate-free composition is planned. Also, it is
intended to have the phosphate-free composition field-tested as an alka-
line clearcer and ac an alkaline paint iemover. Satisfactory field tests
and caking-in~storage ‘est could be followed by a propose’ soecification
replacing both Specifica~ions P-(~436C and TT~R-2308B.
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TABLE |

Standard Comparison Compound of
Federal Specification P-C-436C

Percent by
__Meight
Sodium metasilicate, anhydrous 31.3
Primary sodium phosphate, monobasic, anhydrous 12.3
T-isodium phosphate, anhydrous 24.8
Nonionic surfactant, pely (9-10) oxyethylene
octyl phenol 7.9
Anionic surfactant, straight chain sadium
alkyl benzene sulfonate, 40 percent active 23.7
TABLE LI
Composition of Specification TT-R-230B
Class 1 Comparison Compound
Percent by
Weight
Sodium hydroxide 63.0
Trisodium phosphate anhydrous 35.0
Dodecyl benzene sodium sulfonate,
86% active 2.0
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T Percent by %
3 _Meight 5
7 N3 3
B
35 e
ﬁ, 3_ Sodium melasilicate pentahydrate 35.0 ‘
L Trisodium phosphate dodecahydrate 47.8 }
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TABLE v

«
o

Determination of Minimum Solution Concentration of
Composition 7 Necessary for Satisfactory Cleaning

PRy

Mineral  Asphalt Cleaning,

% Solution, 0i1 minutes for
- g/100 ml. PH Value Cleaning removal
2,00 12.8 Passes 10, 12, N ;
1.33 12.7 Passes 19, 17, 19 ;
Spec P-C-436C Standard
Comparison Compound 4,75 12,2 Passes 10, 12, 12
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TABLE Vil
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Performance Tests of Spec P-C-436C

Cleaning Efficiency
Mineral 0i)
Asphalt

Stability Test
Mineral 0il
Asphalt

Corrosion,
Aluminum 2024

Galvanic Corrosion
Aluminum 2024

Magnesium AZ318

pH value
Penetration

Rinsing

Standard Comparison
Compound,
4.75% solution

Passes
10-12 minutes
for removal

Passes
11-13 minutes
for removal

0.1, 0.1, 0.2, 0.2
mg gain

0.5, 0.5, 0.9, 0.9
mg gain
.1, 1.4, 1.8, 1.9
mg gain
12.2
178-184

Passes

12

Composition 9,
3.10% solution

Passes
10-12 minutes
removal

Passes
10-13 minutes
for removal

0.1, 0.1, 0.2,

0.2 mg gain
0.1, 0.2, 0.2
0.5 mg gain
1.4, 1.5, 1.5,
1.7 mg gain
12.8
191-198
Passes
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TABLE IX

Performance Tests, Class 2 Paint Remover of Spec TT-R-2308

Class 2 Standard
Comparison Compound,
9.0% solution

Paint Stripping
Paint System

1 3 - 3-1/4 minutes
for stripping

2 6~3/4

3 10172 - 11

b 3-3/4 - 4

Stability
Paint System

1 3-1/4 - 3-1/2
2 7-1/4 = 7-1/2
3 11-- 11-1/4
b 2-3/4 - 3

pH value 12.2

Corrosion,

Aluminum 1100 0.2, 0.2, 0.2, 0.3
mg gain
Rinsing Passes

Composition 9,
4.0% solution

2 - 2-1/b minutes
for stripping

4-3/4 - 5

6-3/4

2-3/4 - 3

i
~J

1
N~V N

1-3/4
L-3/4
6-3/4
2-1/4

13.0

0.0, 0.0, 0.0, 0.0
change

Passes
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