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Please circle numbers and fill in blanks when appropriate.

KNOWLEDGE OF THE INVENTION AND INDUSTRY

A. WHAT IS YOUR RELATIONSHIP TO THE INVENTION ?

I. Inventor/Co-inventor 4. Other patent attorney

2. Inventor's Technical Supervisor 5. NTIS Invention Evaluator

5 Patent attorney who prepared/ 6. Other (please specify)
prosecuted the invention _

B. HOW FAMILIAR WERE YOU WITH THE INVENTION PRIOR TO RECEIVING THIS
QUESTIONNAIRE ?

1. Intimately familiar 3. Was aware of it

2. Moderately familiar 4].No previous knowledge

C. HOW FAMILIAR ARE YOU WITH THE INDUSTRY (manufacturing, marketing, and
general structure) TO WHICH THE INVENTION RELATES ?

1. Intimately familiar 0Not familiar

2. Moderately familiar

STATUS OF INVENTION DEVELOPMENT

D. WHAT IS THE CURRENT STATUS OF THE INVENTION ?

1. Not in use and not being 3. Currently in use
developed, last use or
development on

Still being developed 4. Unknown

E. HOW FAR HAS THE DEVELOPMENT OF THE INVENTION BEEN CARRIED ?

1. No development beyond preparation 4. Pull scale production
of patent application

2 Experimentation models, bread

boards, prototypes S. Unknown

3. Limited production

F. WHAT IS THE EXTENT OF CURRENT COMMERCIAL USE OF THE INVENTION ?

1. Being considered for commercial 3. Currently in commercial use

developmnt (specify company) (specify company)

2. Under commercial development No known comercial interest
(specify company)
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SIGNIFICANCE OF INVENTION IN ITS FIELD

G. WHAT IS THE RELATIVE SIGNIFICANCE OF THE INVENTION IN ITS FIELD OF
TECHNOLOGY ?

1. Known in existing technology 5 Significant advance

2. Slight modification S. Major improvement

3. Modest advance 6. Pioneer discovery

9. WHAT ARE THE PRINCIPAL ADVANTAGES OF THE INVENTION OVER THE PRIOR ART ?

(44~ ~ { CI -AA II&iKC -.

2.

RELATED DISCLOSURES

I. ARE THERE OTHER PATENTS/PATENT APPLICATIONS THAT DIRECTLY RELATE TO THIS
INVENTION ?

1. No Other (please speci . C F -- i".

2. Divisional ser. nos. X 57V A

3. Continuation-in-part ser. nos. S. Unknown

J. PLEASE CITE ANY PUBLISHED TECHNICAL REPORTS OR JOURNAL ARTICLES THAT
DESCRIBE THE INVENTION AND INDICATE PUBLICATION DATES.

COMMERCIAL POTENTIAL OF INVENTION

K. WHAT IS THE LIKELIHOOD OF ULTIMATE COMMERCIAL USE OF THE INVENTION ?

1. None 4. Good

2. Poor S. Excellent

3. Fair Unknown
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L. WHAT IS YOUR ESTIMATE OF CAPITAL INVESTMENT REQUIRED TO CONMERCIALIZE
THE INVENTION ?

1. Not applicable S. $500,000 to $1,000,000

2. Less than $10,000 6. Over $1,000,000

3. $10,000 to $100,000 Unknown

4. $100,000 to $500,000

M. WHAT IS YOUR ESTIMATE OF THE COMMERCIAL POTENTIAL OF THE INVENTION AS
MEASURED BY GROSS SALES OVER THE LIFE OF THE INVENTION ?

1. None 5. $1,000,000 to $5,000,000

2. Less than $100,000 6. $5,000,000 to $10,000,000

3. $100,000 to $500,000 Over $10,000,000

4. $500,000 to $1,000,000 Unknown

RECOMMENDATIONS FOR INVENTION EXPLOITATION

N. SHOULD THE U.S. GOVERNMENT PROMOTE THE COMMERCIALIZATION OF THIS
INVENTION ?

1. Yes 2. No ^Unknown

Please comment.

0. SHOULD THE U.S. GOVERNMENT SEEK FOREIGN PATENT PROTECTION ON THIS

INVENTION ?

1. Yes 2. No (I Unknown

If Yes, circle letter next to country where protection should be sought and couent
on the market potential.

a. Australia

b. Belgium

c. Canada

d. France

e. Great Britain
f. Italy

g. Japan

h. Netherlands

i. Sweden

J. Switzerland
k. West Germany

1. Other Countries
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P. PROVIDE, IF'YOU CAN, A LIST OF NAMES AND ADDRESSES OF EXPERTS IN THE
FIELD OF THE INVENTION WHO COULD PROVIDE ADDITIONAL EVALUATIONS OF THE
COMMERCIAL POTENTIAL OF THE INVENTION.

Q. PROVIDE, IF YOU CAN, A LIST OF SPECIFIC COMPANIES THAT YOU REGARD AS
GOOD LICENSING PROSPECTS FOR THE INVENTION (not required if invention
appears to have no commercial potential).

R. OTHER COMMENTS:
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AF INV 14985
Charles T. Lynch et al
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RI GMTS OF TM GWVI INMT

The invention described herein may be manufactured and used

by or for the Government of the United States for all governmental

purposes without the payment of any royalty.

DAcKGbXJND OF THE XNYVEMIOh

This invention relates to corrosion inhibiting compositions

and to a process for inhibiting the corrosion of metals. zn par-

ticlar, this invention relates to a multifunctional inhibitor that

provides both anodic and cathodic corrosion inhibition for a broad

10 spectrum of metallic materials and structures in aggressive media

such as brine, bilge solution and high-chloride contaminated water.

The financial loss due to the degradative-effects resulting

from corrosion reactions amounts to billions of dollars annually.

In an attut to combat the problem of corrosion and uiniise its

15 economic disadvantages, a U.S. Air Force research effort was initi-

ated to develop improved inhibiting omapositions. As a part of

this research effort a survey and screening of convetional inhibi-

tor ompositions such as the polyphosphates, siliates, orthophos-

phates, chromates, nitrites, and combinations thereof wa suidertaem

20 to determine their *ffeftiveae s in inhibiting emoeste of aircraft

structures. rilm-forming inhibitors, such " smilsified or souble

oils, long chain &mines, alcools and carboylie aoids were also

studied.

1
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ranged from totally Ineffective to partially effective in immesion

tests.

Toxicity has become an increasingly important consideration in

recent years, both with respect to handling of the ompounds prior

5 to use, and to the effects of disposal on humans, animals and

plants. Consequently, it is necessary to develop substitutes for

such popular inhibitors as chromate based formulations and high

phosphate based formulations.

A previous study on corrosion prevention of carrier-based air-

10 craft revealed that a considerable savings could be realised in

terms of corrosion maintenance by merely rinsing the aircraft with

water to remove detrimental particles, such as salt and ash. Now,

ever, in rinsing aircraft, a very good possibility exists that the

water will be trapped in crevices or so-called dry-bay areas. The

15 trapped water, often chemically hard, can cause serious corrosion

problems, hence mpletely jeopardi ing the advantae of water

rinsing as a corrosion-control method. Therefore, the Inoorpora-

tion of a low conosntration of a nontoxic, water-soluble inhibitor

into the rinse water become a desirable mans for improving corro-

20 sice resistance.

The value ef borax-nltrlte as a corroslon inhibitor has long

been recognized. NarUer work has shown this combination to be

very effective in controlling general corrosion as well as crevice

3
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oorrosion of high strength steels. However, the borax-nitrite cor-

bination was not found to be effective against the corrosion of

other ferrous and nonferrous metals and alloys. For example, nitrite

inhibitors are more effective at higher pH1 ranges (e.g., 8-9) than

5 at more acidic levels. Very high pR levels, however, can be dele-

terious to some aluminum alloys since aluminum is amphoterie, sub-

ject to attack by stronq basic solutions.

in our copending application Serial No. 265,734, filed Nay,

1981, we disclose corrosion inhibiting compositions which are hio-

10 degradable, contain no chromates, and offer important and unique

advantages over chromate-based inhibitor combinations. The compost-

tiox are multifunctional, providing both anodic and cathodic pro-

tection. The compositions are nontozic, low in cost, soluble in

aqueous solution and provide protection for a broad spec trum of

15 metallic structures. Concentration of the inhibitor composition in

equeous rinsing solution is nomnally 0.3 to 0.5 percent, by weight,

of the rinse solution. The inhibiting goopoitions Llude sodivm

borate, sodium ni trite, sodium hexametaphosphate, modium metasilU-

oat*, sodium nitrate and maroaptobeasnothit ole in a predxetmined

20 range of oocentrations.

We have found that the effeetivees of the oempositians dis-

closed by us in the aforesaid application Serial No. 26S,734 can be

improved by the addition thereto of selected surfactant ompounds.

' 4



These improved corrosion inhibiting formulations are particularly

useful in very aggressive environments containing chloride ion in

excess of 1000 ppm (0.1 weight percent). Such high levels may be

found in coastal areas and in urine, which contains approximately

5 one weight percent sodim chloride, or about 6000 ppm of chloride

ion.

Accordingly, it is an object of the present invention to pro-

vide an improved multifunctional corrosion inhibiting composition.

Other objects and advantages of the present invention will be

10 readily apparent to those skilled in the art from a consideration

of the following disclosure.

SUMMARY OF THE IUVMMEZON

In accordance with the present invention there is provided an

improved corrosion inhibiting composition consisting essentially of

15 a mixture of an alkali metal borate, an alkali metal nitrite, an

alkali metal nitrate, an alkali metal metasilicate, an alkali metal

phosphate, mercaptobenvothiazole (BT), at least one selected our-

factant. In some formulations, xin sulfate and bensotriazole (DT)

are also required. The alkali metal can be either sodim or

10 potassium.

BRIEr DESCRIPTION OF THE DRAWINGS

In the drawings;

Figure 1 illustrates the anodic-polarisation behavior of type

7075-T6 aluminm in local top water, distilled water, 0.1 N NaCl

25 and the basic inhibitor solution;

5



Figure 2 illustrates the effect of increasing chloride conoen-

tration upon the breakdown of passivity of type 707S-T6 aluminum;

Figure 3 illustrates the effect of increasing chloride ooncen-

tration upon the breakdown of passivity of type 4340 steel;

5 Figure 4 illustrates the effect of adding a surfactant to an

inhibitor solution in preservng passivity of type 7075-T6 aluminum;

Figure 5 illustrates the effect of adding a surfactant to an

inhibitor solution in preserving passivity of type 4340 steel;

Figure 6 illustrates the anodic polarization of type 7075-T6

10 aluminum in natural and in synthetic urinei and

Figure 7 illustrates the effects of adding the inhibitor oom-

position of this invention for preserving the passivity of various

metals in synthetic urine solution.

DESCRIPTION OF TH PREFERRED EMBODIMENTS

15 The amounts of each corpoznent of the inhibiting composition of

this invention are given in Table I, below.
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TABLE I

Concentration in aqueous
solution(weight Xeraent) Concentration of Dry

t road Preferred Inrediento (percent)

5 Borate .20 -2.00 0.25 -1.40 68.0 -70.0

Nitrite .04 - .25 .05 - .20 8.5 -14.0

Nitrate .04 - .50 .05 - .40 13.5 -17.5

Silicate .0015- .05 .005 - .04 0.5 - 1.75

Phosphate .0025- .025 .005 - .02 0.8 -- 0.9

10 MBT .0008- .015 .003 - .012 0.25 - 0.5

DT .0008-- .015 .003 - .012 0.25 - 0.5

W nO 4  .003 - .06 .005 - .05 1.0 - 2.0

Surfactant .006 - .03 .0050- .025 1.0 - 2.0

The surfactant in a selected avionic or nonionio surface

15 active material. The selected surfactants employed in the oorro-

@ion inhibitor of the present invention are, in general, proprietary

materials. Table 11, below, lists the surfactants enployed acoor-

ding to the present invention by (1) an arbitrary designation, (2)

a brief description of the opoasit.ion of the surfaetat, (3) the

20 oasmrcial nm of the surfactant, and (4) the source for such

8UrfactAnt.

7



TABLE 11

P_.rietarySurface Aatiwo AMnt
Desig- 2) Commeroial ( 3 )

(1)on Des!Z 2tlon Name Source (4)

SAR Sodium Dodecylbenzene Sulfonate Richonate The Richardson Cmay
Des Pla nes, Illinois

SAD Sodium malt of Phosphonic acid Dequest Monsanto Company
St. Louis, Missouri

S" Corrosion inhibitor (oimrcial Boeshield T-9 Oxy Metal Industries
formulation) with oo0lex Corp.
sulfonate ompound Madison Heights, MI

SAM Dialkyl alkyl phosphonate Mobil Chenmial Company
Phosphorous Division
Hichmuad, Virginia

SAP High molecular weiqht phosphate Nonsanto Company
St. Louis, Missouri

SAT Octylphenoxy polyethoxy ethanol Triton X-114 rcha and Eaas Co.
Industrial Chemicals - KA
Philadelphia, Pemasylvania

SAO Nigh molecular weiqht calcium 100 Oil The iouthland Corp.
sulfonate Arthur C. Trask Chemical

Divis ion
Sit, Illinois

SAE nigh molecular weight Barim astersulf "m southland Corp.
sulfomate Arthur C. Tras Chemical

Division
Sitt, Illinois

SAG Sodium salt of a samplex Phos- Up? CopratLon
phate ester Now York, New York



Referring now to the drawings, Figure I shows the anodic

polarization behavior of type 7075-T6 alminum In distilled water,

local tap water, a 0. 1 molar solution of sodium ahlorido and local

tap water containing the corrosion inhibitor disclosed in the afore-

S mentioned application Serial No. 265,734. This figure illustrates

a very high corrosion current and breakdown in passivity in tap

water and in 0.1 M NaCi, as well as illustrating the protection

afforded by the aforesaid corrosion inhibitor. Figure 2 illustrates

the effect of increasing chloride concentration upon the breakdown

10 of passivity of type 7075-T6 aluminum. Figure 3 illustrates a

similar type of behavior with type 4340 steel.

Figures 4 and 5 illustrate the effect of adding 125 ppm of

sodium dodeoylbenzene sulfonate (BAR) to solutions of increasing

chloride concentration, each containing the basic inhibitor men-

15 tJoned above. A comparison of Figure 4 with Figure 2, although not

strictly comparable, clearly indicates the increased protection

afforded by the addition of sodium dodecylbansen. sulfonat to the

besic Inhibitor formulation. A more direct correlation is seen by

reference to Figures 5 and 3.

20 Figures 6 and 7 illustrate the anodic polarisation behavior of vari-

ous metals in a synthetic urine solution. the momposLtion of the

synthetic urine is given in Table III below.

_ _......... I



T3AA III

Zuagedients of ynthetia UrJne
(vt in gm/ iter)

urea 20.60

5 5-hydrozyindoloacetic acid 0.0045

uric acid 0.052

gluouronLc acid 0.431

oxaUc acid 0.031

citric acid 0.462

10 glycolic acid 0 *042

areatLae 0.0721

guanidLnoaoetic acid 0.027

formic acid 0.013

glucoee 0.072

15 ammonmm sulfate 4.00

potassim phosphate 0.175

potassium chloride 0.0100

potassium bromide 0.006

emn chloride 10.00

20 p-crmol 0.007

oreatiniLn 1.500

atmwe 0.0001

hydzomyquinoliae-2 eaubowyo seid 0.0020

potasmim sulfate 0.134

10
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Figure 6 illustrates that the corrosive behavior of synthetic

urine closely approximates that of natural urine. Vigure 7 illus-

trates the anodic polarisation behavior of type 7075-T6 aluminum,

type 4340 steel, copper and brass in synthetio urine and in syntbe-

5 ti. urine inhibited by the multifunctional inhibitor formulation

ontaining 125 ppm of sodium dodecylbensene sulfonate.

More specific inhibitor formulations are qiven in Tables XV

and V below. All amunts are qiven in weight percent (in aqueous

solution).

10 TABNL IV

formulation
12 3 4

Borate 0.35 0.35 0.35 0.35

nitrite .20 .20 .2o .20

15 nitrate .20 .20 .20 .20

Sllieate .01 .01 .01 .01

phosphate .0125 .005 .005 .005

WT.0045 .OOS .0Oi5 .095

]V'.005 .00S .005 .8O5

20 SARt, SASt .025S --- .0075 ....

S" .021 ... ...

jSA .0251 ---

.MlO .004 .02-.04 ..1

10



Th31Z V

Formulations

Borate 0.25 0.35 1.40

5 Nitrite .05 .05 .20

Nitrate .05 .10 W40

Silicate .002 .01 .04

Phosphate .003 .005 .02

NT .001 .003 .012

10 BT .003

SAP .0075 .0075 .0075

Formulation 1 is preferred for use where the concentration of

chloride is very high, e.g., brine. Formulations 2 and 3 are re~crm-

mended for use in aggressive solutions such an are found in the

15 bilge areas of aircraft. Formulation 4 will prowide protection in

high chloride contaninated water, i.e., up to about I weight per-

cent Macl.

Formlation 6 is a preferred formulation for general purpose

use. It is effective where little or no dilution is expected during

20 use and low concentratioms of chloride and other aggressive rmw-

tants are present, i.e., up to about 100 ppm chloride iou. Form-

lat on 5 is effective in situatioas where no dilution is expected

and the conoentration of chloride ion or other aggresive reactant

is very low. Formulation 7 is for contact Jhibitors to for a pro-

25 tectLve surface layer during immmion.

12



fae ownamtrations ot the various amomits an be varied by

about 20% for omditions where dilution in use Is eapeoted.

In Table VX, belaw, the representative results of tests with

several emperiental formulations are summarised. hos Lumrsion

5 tests were carried out on type 7075-T6 almo nm and typ 4340 steel

in Im Nacl solutions.

13
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TABLE~ VI

!0mrsion Test Results

Tim of
Inhibitorpn Ezposure Surface Appearanoo

No vtk in IM Nadl ~ifIT~ ispocimn Lyseks (Vsa Obevain) emarks

1 0.35 Borate +
0.2 Nitrate +

0.2 Nitrite + 7.90 7.90 Al 2 Several pits Better
0.01 Silicate Inhibitor
+ 50 ppm Phos- Steel 2 Clean & shiny; few required
phate + 30 ppm pits
MDT 4 100 ppm
SAO

2 0.35 Borate +
0.6 Nitrate +
0.6 Nitrite + 8.30 6.20 Al 1 Clean
0.01 Silicate 6 1ev pits Better
* 50 ppm Phos- Inhibitor
pbats * 30 ppm Steel I Clean, Mew fine pits required
MDt 6 Many pits at ad"e

3 0.3S orate +
0.2 Nitrate + 0.20 8.15 Al 4 Clean & shiny
0.05 Nitrite + 16 Clam G shiny Imrove-
0.01 silicate meat
+ 50 ppm fisg- Steel 4 Clean, pits required
phate• 50 ppm 16 Clean, several pits
MBT'• 100 ppm
SAN

_____________________________________ _____________________________



4 0.35 Borate 4
0.2 Nitrate +
0.05 Nitrite + 8.20 8.25 Al 2 Dull, patahes
0.01 Silioate of Corrosion setter
+ 50 ppm Phos- Inhibitor
phate + 50 ppm Steel 2 Several pits required
SAM

5 0.35 Borate +
0.1 Nitrate +
0.05 Nitrite + 8.80 8.70 Al 2 Clean
0.01 Silioate 10 Clean, few oorrosion
+ 50 ppm Phos- streaks Fair
phate + 50 ppm
MDT + 50 ppm Steel 2 Clean
SAP + 100 ppm 10 Clam, pits
SAZ

6 0.35 Borate +
0.2 Nitrate +
0.2 Nitrite + 8.15 8.10 Al 2 Clean & shiny
0.01 Silicate 12 Clean & shiny
+ 125 ppm Phos- xoellent
phate + 60 ppm steel 2 Clean & shiny iahibition
MBT + 100 ppm 12 Clem & shiny, two
SAR + 210 ppm fine pits
BAD + 40 ppm
XnSO4

0.35 Dorate +
0.2 Nitrate +
0.2 Nitrite + 8.15 0.20 Al 2 Clean a shiny
0.01 Silicate Clean & shiny hinlleat
+ 50 ppm Phos- albitor
phate + 75 ppm Stel 2 Clean & shiny
SAT + 500 ppm I Clean a shiny
Inso4

°_.~



8 0.35 borate +
0.2 Nitrate +
0.2 Nitrite + 9.35 9.20 Al 2 Clean & shiny
0.01 Silicate 8 Clean & shiny Excellent
+ 50 ppm Phos.- Ihibitor
phate + 100 ppm Steel 2 Clean & shiny
MBT 75 ppm 8 Clean & shiny, one
SAR + 100 ppm fine pit

9 1% SAB 6.25 6.25 Al 4 Clean & shiny
24 Badly corroded Better

Inhibitor
Steel 4 Clean & shiny required

24 Badly corroded

10 0.35 Borate +
0.2 Nitrate +
0.2 Nitrite + 8.15 8.20 Al 2 Clean & shiny
0.01 Siliate 8 Clean & shiny Exellent
+ 50 ppm Pho-- Inhibitor
phate + 100 ppm Steel Clean, one pit
NMT + 250 ppm 8 Clean & shiny
LAB



In Table VI above and in Table VII, below, the term borate

refers to sodium borate tatrahydrate, nitrate to sodium nitrate,

nitrite to sodium nitrite, silicate to sodium metasilicate penta-

hydrate, and phosphate to sodium hexametaphosphate.

5 In Table VII below, the representative results of tests with

several experimental formulations are sumarized. These tests were

carried out on type 7075-T6 aluminu , type 4340 steel, and brass

in synthetic urine solution, and in a mixture of synthetic urine

and coffee.

17



TABL1F VII

Znhibitor
vto in Time of

synthetic H Rxposue Surfaae Appearanoe
no urine* Initial FinalT Y Sp _im (weeks) (vsual Observation) Plemarks

11 0.35 borate +
0.2 nitrite +
0.2 nitrate + 9.35 9.25 Al 2 Clean & shiny
0.01 silicate + I Clean & shiny
100 ppm ZnSO + Exo , lent
50 ppm phospiate Steel 2 Clean a shiny
+ 75 ppm SAR 8 Clean & shiny, one

fine pit

12 0.35 borate +
0.2 nitrite +
0.2 nitrate + 8.50 8.50 Al 4 Clean & shiny
0.01 silicate

m 0.01 phos- Steel 4 Clean a shiny Excellent
phate * 0.01
MBT 125 ppm Brans 4 Clean & shiny
BAN

13 0.35 borat +
0.2 nitrite *
0.2 nitrate + 8.15 8.15 Al 2 Clean & shiny Ezosllent
0.01 silicate 12
+ 125 pps phow- Brasl 2 V "
phate + 60 ppm 12
NT + 40 pp.
Saw + 100 pp. steel 2 " "
RA 20 ppm 12 " " ,three
BAD fine pits

_____________________________________________________



14 0.35 borate + 3.15 8.15 Al 2 Clean & shiny Excellent
0.2 nitrite + 8
0.2 nitrate +
0.01 sillcate Brass 2
+50 ppm phos- 8
phate + 100 ppm
MST + 250 ppm Steel 2 Clean, one pit appear-
SAB ing on one surface

8 Clean & shiny

15 0.35 borate + 8.15 8.00 Al 4 Clean & shiny Excellent
0.2 nitrite + 32
0.2 nitrate +
0.01 silicate 3rass 4
+ 50 ppm MBT + 32
500 ppm ZnSO 4  Steel 4 .

+ 75 ppm SA T 32.. . ..

EXcept Run 15 which was 501 synthetic urine and 501 coffee.

'5 .. .



The corrosion inhibiting formulations of this invention may be

used in aqueous solution as rinse-type inhibitors and as immrsion-

type inhibitors. The corrosion inhibitor may be compounded dry, and

stored in bulk for later solution in water. In the dry form, the

5 corrosion inhibitor may be incorporated from 20 to 50 weight per-

cent, preferably about 30 weight percent, into a cosmsrcial soap

formulation, e.g., a handsoap, for use in the lavatory of an air-

craft or ship.

The corrosion inhibitor may be incorporated into a coating

10 composition, such as a paint primer by encapsulating the inhibitor

formulation with a cellulosic or nylc -i or other suitable encapsu-

lating material using conventional encapsulating techniques, and

incorporating 20 to 50 uaight -crce-nt, preferably about 30 weight

percent, of the encapsulated inhibitor into a conventional coating

15 composition. The corrosion inhibiting components may be released

if the coated surface is scratched or otherwise physically damaged.

Various modifications can be made to the above described

invention.
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ABST2ACT OF THE DSCLO UR

A multi functional corrosion inhibitor consisting essentially

of an alksli metal borate, an alkali metal nitrate, an alkali metal

nitrite, an alkali metal metasilicate, an alkali metal phosphate,

mercaptobenzothiazole and at least one selected surfactant.

t
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