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INTERNATIONAL

Standard Guide for
Testing Cleaning Performance of Products Intended for Use
on Resilient Flooring and Washable Walls *

This standard is issued under the fixed designation D 4488; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

€' Note—A warning note was changed editorially in August 2001.

1. Scope 3. Summary of Guide

1.1 This guide covers the evaluation of the cleaning perfor- 3.1 Soils are artificially applied in a standardized manner to
mance of products intended for use on resilient flooring orspecified floor or wall substrates. The soiled surfaces are
washable walls. Such evaluations specifically exclude win¢leaned using a straight-line washability apparatus, and the
dows, mirrors, carpets, ceramic tiles, and laminated countesleaned substrates are evaluated instrumentally or visually by a
tops. This guide provides techniques for soiling, cleaning, anganel of judges.
evaluating performance of detergent systems under controlled, = .
but practical, hard-surface cleaning conditions. 4. Significance and Use

1.2 Such systems include any detergent intended for clean- 4.1 This guide suggests methodology for cleaning tests.
ing hard surfaces such as resilient flooring, washable walboil/substrate combinations are generally designed to be analo-
surfaces, and other hard surfaces, but excluding glass, ceram@qus to soiled surfaces commonly encountered. This method-
or other glossy surfaces. They may consist of solutions oblogy can be used with most soil/substrate combinations. Some
soluble powdered detergent, dilutions of concentrated liquicexample test methods that have worked well in other labs are
detergent, or products intended to be used full strength, foprovided in the annexes. There is no requirement for using the
example, foams, sprays, liquid, or paste. soils listed in the annexes. It is the responsibility of the user to

1.3 There is no universal soil/substrate combination that iselect the appropriate battery of tests for the desired end
representative of the many soil-removal tasks required of thigesults.
type of cleaner in actual use conditions. Choice of soil/l 4.2 The results of tests based on this guide are regarded as
substrate and cleaning conditions should be by agreemediagnostic screening values useful in formulation studies,
between the testing laboratory and those using the data wuality control, and ingredient raw material qualification. This
evaluate cleaning performance relative to user experience. guide is intended to allow a choice in test conditions and

1.4 This standard does not purport to address all of thesoil/substrate combinations appropriate to the evaluation at
safety concerns, if any, associated with its use. It is théand. For interlaboratory comparisons, exact test conditions
responsibility of the user of this standard to establish appro-must be established before test results are compared.
priate safety and health practices and determine the applica- 4.3 This guide is applicable to testing all types of multipur-
bility of regulatory limitations prior to useMaterial Safety pose household cleaners, whether the detergent is prepared by
Data Sheets are available for reagents. Review them fadissolving a soluble powder, a dilutable liquid, or is a pre-
hazards prior to usage. Specific precautionary statements agiduted product. It may also be useful for evaluation of
given in . products or conditions normally associated with industrial or

_ institutional cleaners.
2. Terminology

2.1 Definitions of Terms Specific to This Standard: 5. Preparation of Soil/Substrate Combinations
2.1.1 soi—in hard surface cleaning, foreign matter on a 5.1 Cleaning performance of a test product depends on the
hard surface. particular combination of test soil and substrate. Soils and

2.1.2 substrate—the soiled surface that is being cleaned. substrates to be cleaned should be selected as pairs. The usual
criteria for appropriate soil/substrate combinations are: relative
ease of discriminability among cleaners to be tested; reproduc-

* This guide is under the jurisdiction of ASTM Committee D12 on Soaps andijhjlity of the test performed; and correlation of test results with
Other Detergents and is the direct responsibility of Subcommittee D12.16 on Har%onsumer experience
Surface Cleaning. AN .

Current edition approved April 15, 1995. Published June 1995. Originally 9.1.1 While it may be reasonable to assume that lab tests

published as D 4488-85. Last previous edition D 4488-89.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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using soil/substrate combinations found in normal practiceseveral different soil/substrate combinations, and possibly
should correlate with actual cleaning experience, no particulamore than one set of test conditions, for example, use-dilution,
soil/substrate combination is sufficiently representative bywater hardness, etc.

itself to provide a reliable index of cleaning performance forall 6.4 Appropriate controls should be considered when testing.
cleaning tasks. Also, lab screening systems are usually mugkor example, a test control could be a commercial liquid
more heavily soiled than those found under real-use conditiongjetergent for which the test lab has established some index of
in order to optimize discriminability. It is possible, however, cleaning performance prior to the test at hand. Another control
that soil/substrate combinations not actually found in normakoy|d be water without detergent.
usage may prowde a test system that correlates well with SOME6 5 Test conditions that should normally be reported in all
actual cleaning cpndltlons. ... tests include the following:
5.1.2 Preparation of the substrate, such as abrading finished . . .
6.5.1 Conditions pertinent to scrubbing apparatus, for ex-

floor tiles, may be necessary. : .
5.1.3 Natural or accelerated aging of soil, such as baked-ofiTPle, Weights (if any), cycles per test, brushes, sponges, or

greasy soil, may be desirable for the purposes of enhanceiher scrubbing substrate used (specify).
discrimination or better correlation of actual home-use condi- 6.5.2 Water used for dilution, if any, including temperature
tions. and hardness.
5.2 For reliable test results, and to obtain the most informa- 6.5.3 Use-dilution of detergent with water.
tion from lab testing, details of soiling and substrate prepara-
tion should be documented for appropriate reporting of final7. Performance Evaluation

results. 7.1 Cleaning performance is frequently taken as a linear

6. Experimental Cleaning Test Procedure function of reflectance using a reflectometer, color difference
6.1 Replication is essential for generation of reliable hard-me.ter’ or gloss meter (speufy). Other methods such as v.|§t'1al
surface cleaning test results. The number of replicate runrsatlng may be useful, dependl_ng on the needs and capabilities
required depends on the soil/substrate combination selected, %fsthe lab. See the examples in the annexes.

well as the intended use of the results. - . .

6.2 Experimental design may range from a simple paireos' Statistical Evaluation and Interpretation of Results
comparison with three replicate runs using three tiles to 8.1 It is strongly recommended that appropriate statistical
multiple comparisons extending over days of testing. analysis of test results be conducted to establish confidence

6.3 A complete cleaning evaluation will usually require limits on test results and to establish a basis for comparison

analysis of an appropriate composite result, taking into accouwith subsequent or previous test results.

ANNEXES
(Mandatory Information)

Al. GENERAL

Al.1 The following procedures are included as an aid to thether laboratories. For inter-laboratory tests, exact test condi-
development of uniform methodology for lab cleaning teststions, including preparation of soils and substrates, must be
The methods described below have been found to work well ispecified.

A2. GREASY SOIL/PAINTED MASONITE WALLBOARD TEST METHOD 2

A2.1 Summary of Test MethedLatex painted masonite  A2.2.1 Reflectometér any photometer capable of accu-
wallboard is soiled with a mixture of melted, oily soils rately measuring changes to substrate reflectance. See Fig.
containing a small amount of carbon black, and allowed to sef2.1.
overnight. The detergent is applied to a sponge that scrubs half A2.2.2 Template see Fig. A2.1.
the soiled substrate using a straight-line washability apparatus. A2.2.3 Straight-Line Washability Apparattis
The other half of the soiled substrate is scrubbed with a second
detergent. Cleaning performance is taken as a linear function of

reflectance value. 2 Photovolt Model 670 with Search Unit 610Y and Green Tristimulus, or its
A2.2 Apparatus: equivalent, has been found suitable for this purpose. Available from Photovolt, Inc.
’ ’ NY, NY.

4BYK-Gardner Model AG-8100 available from BYK-Gardner USA, Silver
2 Johnson, M. A., “A Greasy Soil Hard Surface Cleaning Tedgirnal Am. Oil Spring, MD, or the Gardco D-10 available from the Paul N. Gardner Co., Pompano
Chem. Sog¢.Vol 61, 1984. Beach, FL, or equivalents, have been found suitable for this purpose.



Ay D 4488

1"

> an”

IN -~ 7 ~F) e
h' 3 \ X - _ >\ l 2V
(\ p
!\\ A\
1" e
/
N 7/
~ —_
AVA
4"

FIG. A2.1 Template for Use With Reflectometer

A2.2.4 Graduated Cylindercalibrated to deliver 100 mL,
and
A2.2.5 Graduated Volumetric PipetlO mL.

A2.3 Materials and Manufacture:

A2.3.1 Masonite Wallboard Tiles-¥s-in. thick, cut 42 by
4% in.

A2.3.2 Latex Paint—non-yellowing flat white.

A2.3.3 Vegetable Shortenifig-from local grocery store.

A2.3.4 Lard".

A2.3.5 Partially Hydrogenated Soybean &i-with polyg-
lycerol esters of fatty acids added.

A2.3.6 Carbon BlacR.

A2.3.7 Sponge¥—cellulose sponge cut to size¥iby 37s
by 1%z in.

A2.3.8 Tap Water—80 ppm hardness, as CagO

5 California Paints, or equivalent, have been found suitable for this purpose.
8 Crisco, or equivalent, has been found suitable for this purpose (trademark of

Proctor and Gamble, Cincinnati, OH).

A2.3.9 Cheesecloth Wipés 18 by 36 in.
A2.3.10 Large Binder Clig?, 1- in. capacity.

A2.4 Procedure:

A2.4.1 Tile Preparatior—Double-coat masonite tiles with
latex paint using a paint roller, and allow to set overnight. Cure
tiles at 45°C for 24 h.

A2.4.2 Soil Preparatior—Blend a melt of 33 g vegetable
shortening, 33 g lard, and 33 g vegetable oilhait g carbon
black on a steam bath. Prepare fresh soil each day.

A2.4.3 Soil Application—Fold the cheesecloth in half sev-
eral times to end up with a¥2 by 2-in. piece. Put the binder
clip on the open 2-in. long edge of the folded cheesecloth.
Using the clip as a handle, soak the cheesecloth in the hot soil
and apply the soil to the white-painted masonite wallboard tiles
using six strokes. (see Fig. A2.2). The soil temperature should
be maintained and the soil should be stirred throughout the
application process. Allow the soiled substrate to dry overnight
at room temperature.

A2.4.4 Cleaner Preparation-Prepare all cleaner dilutions
volumetrically as necessary. Water is at an ambient temperature

7 Armour lard, or equivalent, has been found suitable for this purpose (trade mark20 to 30°C) and a specified hardness.

of Armour Co., Phoenix, AZ).

& Pathmark vegetable oil, or equivalent, has been found suitable for this purpose

(trademark Supermarkets General, Woodbridge, NJ).

9Neo Spectra Mark Il Powder, or equivalent, has been found suitable for this

purpose (trademark of Cities Service Co., Tulsa, OK).

1VWR catalog No. 21910-105, or equivalent, has been found suitable for this
purpose. Available from VWR Scientific, Plainfield, NJ.

19Shop-Rite brand sponges, or equivalent, have been found suitable for this 2 ACCO brand, No. 72100, or equivalent, has been found suitable for this

purpose (trademark of Wakefern Corp., Elizabeth, NJ).

purpose.



Ay D ases

CLEANER “B" CLEANER “A”

SOILING

<«
DIRECTION

CLEANING
DIRECTION

FIG. A2.2 Soiled Tile After Cleaning

A2.4.5 Cleaning Test-Use a new (previously unused) remove approximately 75 % of the soil, in order to allow for
sponge for each cleaning procedure. Weigh 15 g of cleananaximum product differentiation. Identify the cycle number at
solution onto a pre-wet sponge that has been thoroughlwhich maximum differences in product performance are dem-
pressed by wringer to remove most of the water then placed ionstrated. Run all test products with this predetermined stan-
the straight-line washability apparatus without weights.dard number of cycles.

Sponge and holder weigh about 350 g. Place sponge so that theA2.4.7 Reflectometer Measurementé\fter zeroing the in-
manufactured edge, not a face or edge that has been cut, is teieument, adjust reflectance to 100 on a standard white reflec-
scrubbing surface. Place the tile in the apparatus so thaance and color tile. For example, one that has worked well has
scrubbing action is perpendicular to the direction of soilingthe following values: 76.3 % vy, 77.6 % x, and 76.6 % z. Place
(see Fig. A2.2). Set the test apparatus at the predeterminedtemplate (Fig. A2.1) over a scrubbed board so that only the
number of cycles established according to the procedurscrubbed area to be measured shows through the cut-out
described in A2.4.6. Operate the wash apparatus over one pbrtions. Take three readings in each cut-out portion, moving
the soiled areas. Shift the scrubber table and repeat the washifrgm one end to the other. Estimate readings to the nearest
test over the remaining soiled area with the second detergetegnth reflectance unit. Record and average these three readings.
and a new sponge. )

A2.4.6 Establishing a Standard Number of Cycles for Test A2.5 Data Handling.

Product Evaluatior—Place tiles in the washability apparatus A2.5.1 Record reflectance values (three per cleaned area)
with the line of soil on the tile running perpendicular to the and established and compared mean values using appropriate
cleaning direction of the scrubbing apparatus. Using extra tilesstatistical methods. Paired comparisons may use a simple
run standard products to determine product performance prd-test. Multiple comparisons require some multi-variate statis-
files. It is suggested that the standard reference productial analysis.
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A3. IRON OXIDE PIGMENT/LINOLEUM TEST METHOD *3

A3.1 Summary of Test MethedLinoleum is soiled with an A3.2.5 Rubber Template InsertA Ys-in. thick, 4 by 174-
iron oxide pigment dispersed in an oil-solvent system. Soil isn. rubber template insert, viita 3 by 6-in. cut-out to
applied using a pastry brush or other applicator. A fine-cellechccommodate the test substrates. If the test substrate is less
sponge scrubs the soiled substrate, which is immersed in thhan %s-in. thick, a spacer should be used to bring the test
detergent system being tested. Cleaning performance is evalsubstrate flush with the surface of the rubber insert. If the
ated by comparing reflectance measurements made on tlig@ickness of the test substrate is more tharn., a heavier
clean, unsoiled test panel and on the soiled panel aftegage rubber insert can be used.
scrubbing using a colorimetér Results are reported as percent A3.2.6 “C” Clamps—Four clamps large enough to hold the
soil removed. template to the scrubbing machine table.

A3.2.7 Soil Applicator—Pastry brust?.

A3.2.8 Reflectometée—Any photometer capable of accu-
rately measuring changes in substrate reflectance.

A3.2.9 Drying Oven

A3.3 Materials:
A3.3.1 Test Substrate-Off-white drawing board desk
pad’, felt-back lineoleum (0.80 in.).

A3.3.2 Test Sponge-A 1% by 3%--in. section cut from a
A3.2.4 Metal Template—A %- in. thick, 4 by 1%a-in. _J/z-in.thiqk sheet (_)ffo_ar%?cqntaining 60 to_80 pores per linear
aluminum plate, with a center cut-out of 2 by 16 in., used to'”Ch' _Thls ma_terlal is a fine-celled, reticulated, open-pore,

hold the substrate in place, provides a reservoir for testhemically resistant, ester-type polyurethane foam.
scrubbing solution, and functions as a guide for the sponge Nore A3.1—A uniform, fine-celled, cellulose sponge should be em-
holder. It is designed to prevent splashout loss of solutiomloyed if a more chemically resistant sponge is required.

during operation. See Fig. A3.1. A3.3.3 Test Sponge Mounting Adhesiv@he test sponge is

A3.2 Apparatus

A3.2.1 Straight-Line Washability Apparattis

A3.2.2 Test Sponge HolderStandard brush holder for the
straight-line washability apparatus unif-in. deep with one
open face, nominally % by 3% in.

A3.2.3 Test Sponge Mounting BloekA ¥a-in. thick piece
of polymethyl methacrylat® cut to nominal ¥ by 3Vain.
dimensions (block should fit loosely in sponge holder).

16 EKCO No. 06640 CA, or its equivalent, has been found suitable for this

3“A Hard Surface Cleaning Test Method for Artificial Soil Removal from PUrROS€, (trademark of EKCO Housewares Co., Franklin Park, IL). )
Linoleum Surface® Technical Bulletin SC: 135-81, Shell Chemical Co. A _dESk pad found suitable for _th's purpose '_S available from Kieffer

14 Gardner LX-23 Tristimulus Colorimeter, or equivalent, has been found Int?:;natlonal Prod}ucts, Inc., Granq Rapids, MI. An equwaleqt may be u.sed.
suitable for this purpose. Available from Pacific Scientific, Silver Springs, MD . Scott Industrial Foam, or equivalent, has been found suitable for this purpose.
20910. Available from Scott Paper Co., Foam Division, Chester, PA.

2 _ucite brand acrylic plastic, or equivalent, has been found suitable for this
purpose (trademark of E. I. duPont de Nemours and Co. Inc., Wilmington, DE).
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attached to the mounting block, using rubber certeby A3.4.4 Substrate Soiling-Blend approximately 0.40 to
applying adhesive only around the perimeter of the spongeé.50 g of the well-mixed soil, that is continually kept in a
(Warning—Complete attachment across the entif® by  dispersed state using a magnetic stirrer, and apply it with a

3¥2-in. face causes warping of the sponge.) dropper to the test coupon. Using a pastry brush, spread the soil
A3.3.4 Pigment—Metallic brown oxide&’. quickly over the entire surface of the substrate, followed by
A3.3.5 Mineral Oil?*—Liquid petrolatum. more brushing to improve the uniformity of the film.

A3.3.6 Turbine Base Of*—A 50-50 blend of 100 HVI A3.4.5 Curing the Soiled CoupenAfter application, allow
neutral and 250 HVI neutral oil stocks with an aromatic contenthe soiled coupon to setifd h atroom temperature. Then cure
approximately 40 millimoles per 100 g and a viscosity of aboutthe soiled panel for 20 min at 100°C in a forced-draft oven,
30 centistrokes at 40°C, or equivalent. followed by a 2-h conditioning period at room temperature,

A3.3.7 Vegetable Oil before it is ready to be scrubbed. Good repeatability results

A3.3.8 Jet Turbine Fuel>—A kerosene-range turbine fuel. when panels are scrubbed the same day they are soiled.

It contains, typica”y; 18 t0 19 % aromatics and boils in the Note A3.2—With the oven set at 100°C, no change in the level of
range of 310 to 572 F. . ) achievable soil removal occurred with cure times between 15 to 40 min.

A3.3.9 Naphthenic Hydrocarbon Solvéfit boiling in the  soil-removal rates became slightly erratic when cure times less than 15
318 to 360°F range and containing, typically, 96 % paraffinsmin were used. At 110°C, equivalent soil-removal values were obtained
2 % aromatics, and 2 % olefins. with 15 and 20 min cures, but soil became significantly more difficult to

A3.3.10 Non-lonic Surfactarff. remove after 25 min. Thus, setting cure conditions at 20 min at 100°C

A3.3.11 Anhydrous Tetrapotassium Pyrophosphate provides a safety margin for producing very uniform soiled substrates for
o ’ measuring the efficacy of cleaning solutions.
A3.4 Procedure:

A3.4.6 Scrubbing Operatior-Place the cured, soiled cou-
A3.4.1 Prepare soil by adding parts by weight of thepon in the 3 by 6-in. cut-out of the rubber template insert,
following in the order listed: 1.0 of vegetable oil, 1.0 of placed in the straight-line apparatus wash tray, overlaid with
mineral oil, 1.0 of base oil, 12.0 of jet turbine fuel, 20.0 of the aluminum template, and clamped tightly, using C-clamps to
metallic brown oxides, and 12.0 of naphthenic hydrocarborform a seal between the linoleum and the template. The
solvent?, template cut-out forms a reservoir and a guide path in which
A3.4.2 Soil Blending—Add vegetable oil, and jet turbine the test sponge housing box travels in an oscillatory mode. Add
fuel to a high-shear blender, and then add pigment slowly witly5 mL of test solution to the reservoir and allow to stand 1 min
the mixer speed set to create a slight liquid vortex. Run théefore positioning the sponge on the substrate. Place the test
covered blender at high speed for 15 min after all pigment hasponge, which has been saturated with water and shaken hard
been added. Cool the container (ice bath), and add napthenig release free water, onto the substrate and start the machine
hydrocarbon solvent and continue mixing only long enough taand run for as many cycles (1 pass in each direction) as
achieve homogeneity. Transfer the product to a wide-moutimecessary for the desired level of soil removal from the
bottle that can be sealed. At this point, the finished soil blendubstrate being tested. Scrub three soiled coupons with each
has a high viscosity due to entrained air that should be expelleg@st solution, and an average cleaning vaNdetermined for
before using. Accomplish this by stirring the mixture, using aeach sample. In each day’s run, a set of soiled coupons should
magnetic stirrer, or by rolling the bottle of soil, perhaps as longbe scrubbed using only water, and the average cleaning value
as overnight. obtained taken as zero soil removal,(s). Using this proce-
A3.4.3 Substrate Preparatioa-Wash each 3 by 6-in. test dure, the amount of cleaning accomplished by the water
coupon using a commercial hand dishwashing liquid dilutecportion of the aqueous test solutions is cancelled, making it
1:125 (1 oz/gal) with warm water. Utilizing a large cellulose convenient to compare ingredient effectiveness of the test
sponge, scrub each panel 25 strokes with pressure applied §amples.
the sponge, and then rinse well with warm water, front and

Note A3.3—Drying the sponge by squeezing brings on premature
back. Hang the washed panels to dry at room temperature f%[ellwall fatigue, which reduces the sponge’s cleaning quality. Remove the

about 16 to 18 h (overnight) in such a way that air passes freeIé’crubbed coupon from the apparatus, rinse under running cold tap water,
across all surfaces. Prepare only the number of panels that Wihd hang up to dry at room temperature, allowing air to pass freely across
be soiled and scrubbed the next day. all surfaces.
A3.4.7 Cleaning Sponge Travel DistaneeSet the path of
°Duco Cement, or equivalent, has been found suitable for this purposssponge travel in the confines of the template cut-out at

(trademark of E. I. duPont de Nemours and Co. Inc., Wilmington, DE). ; ; ; i
20Code B-01085, or equivalent, has been found suitable for this purposeapprOXImatEIy 122in. through adJUStmentS of the drlvmg cam

Available from Pfizer Minerals, Pigments and Metals Div., New York, NY. ge_ar_ and attachment c_ables Of_the scrubbing appa_ratus. This
21 Nujol, or equivalent, has been found suitable for this purpose (trademark oeliminates loss of cleaning solution from the reservoir through
Plough Inc., Memphis, TN). excessive sloshing at the ends, but provides sufficient cleaned

22 Tellus, ivalent, has been found suitable for thi trademark of
Shell Chenical o, Houston Ty b Jor TS PUpose (trademark ohath length on the substrate to make the necessary number of

23 ASTF-640, or equivalent, has been found suitable for this purpose. Availabld €flection measurements.
fror;Shell Chemical Co., Houston TX. ‘ _ A3.4.8 Evaluating the Scrubbed CoupefPermit the
.SheII Sol 340, or equwalent, has been found suitable for this purposescrubbed coupon to dry a minimunf @ h before making
Available from Shell Chemical Co., Houston, TX. .
25 Neodol 23.6.5, or equivalent, has been found suitable for this purposeM€asurements. No changes in reflectance values were found to

Available from Shell Chemical Co., Houston, TX. occur if the panel dried overnight before taking readings.
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A3.4.8.1 The entire scrubbed coupon can be handled wheduring early runs, an averager,{o) value (found to be
making reflectance measurements on a reflectometer. Thmnsistently in the 18 to 21 range) may be established and used
cleaned path centered on and running the length of the coupolas a constant in calculating % soil removed. A 0.47 standard
is approximately ¥-in. wide. The light beam emitting from deviation for {f}, o) values has been found.
the instrument has a diameter of abodtith. Centering the A3.6.2.2 Soiled Panels Scrubbed with Test Solutiog:(Yn
coupon over the hole through which the light beams, fivedetermining the averagé, value, one of the following proce-
measurements are magein. apart, starting %> in. from one  dures is used:
end. The five readings are averaged to obtain a reflectance (1) A simple arithmetic average of thé values is obtained
value for the test coupon. from the 3 replicates used for each evaluation, or,

A3.5 Data Handling: (2) If thg set of 3Y_S vqlue; cpntain; a divergent value, thgt

. ) , ) value qualifies for rejection if its deviation from the mean is
A3.5.1 Cleaning EffectivenessThe cleaning effectiveness ,nnroximately four times the average deviation calculated from

of a test sample, as measured by this method, is its ability tgha other two replicates according to the formula:
remove the test soil from the test substrate and may be

expressed in the following ways:

A3.5.1.1 When performance of the standard for a particular . ]
days run is not at significant variance with an established norm A3.6.2.3 In that case, an average of two replicates is used as
for the standard, test sample results may be expressed simpfje Ys value. Using either procedure, the standard deviation for
as % soil removed according to the following equation: the Y; varies slightly with the level of cleaning achieved, as

follows:
% soil removed= (Ys — Yo/ Yo = Yy ,0 X 100 (A3.1)

(deviation of doubtful results/average deviajien4  (A3.3)

Ys Range Standard % Soil removed
deviation range
. 26 to 43 2.2 10 to 50
where: ) ) 43 to 60 13 50 to 90
Ys = % average reflectance after scrubbing soiled cou- ) )
pon with test solution, A3.7 Discussion:
Yo = % average reflectance after scrubbing soiled cou- A3.7.1 Occasionally, the absolute cleaning value of surfac-
pon with only water, and tants is influenced slightly by identified inherent test variables.
Yo = % average reflectance of original coupon before However, the conclusion drawn from cleaning results of many
soiling. sets of non-ionic surfactants that differed only in hydrophile-

A3.5.1.2 The least significant difference between any twdipophile balance (HLB) is that, while absolute values may
mean values at the 95 % confidence leuebDys) for % soil  change, performance rank order remains constant from set to
removed is approximately five. set. It has been found useful, therefore to include a standard

A3.5.1.3 If, however, it is apparent from the performancecleaner formulation as part of the set of samples run on a given
level of the standard that cleaning values may be at variancgay. This internal standard provides a benchmark for the
with the norm, test results for the sample should be normalizednethod, and serves to indicate when test method variables are
Normalization is achieved by relating the performance of theaffecting test results adversely. Further, test results can be
test sample to that of the standard for that day’s run as followsteported relative to cleaning by the standard; and its inclusion,

cleaning performance, % of standaxd(% soil removed by when working with other test methods, permits comparisons to
sample/% soil removed by standadd 100 (A3.2) be made between the methods.
where: A3.7.2 Neodol 23-6.5 can be selected as the surfactant for

the standard because its practical level of cleaning (75 %) is in
o the range where good test repeatability occurs. TKPP, with its
A3.6 Method Precision: high water-solubility and moderately high pH (ca. 10) appears
A3.6.1 Substrate Uniformity, Initial Reflectance JY Av- to be a satisfactory choice for builder. A suggested internal
erage reflectance values obtained for a large number of testandard test solution, therefore, is 0.60 % w non-ionic surfac-
coupons from a single lineolum lot, after washing and dryingtant and 0.12 % TKPP in softened water. However, the choice
had a standard deviation of only 0.06, attesting to a gooaf surfactant and builder comprising the standard is a discre-
product uniformity. It is recommended, therefore, that antionary one.
averagey, value for a lot of linoleum be determined to reduce A3.7.3 General soil-substrate interactions vary widely, de-
the number of reflectance measurements that need to be maglending on the type of soil and substrate being interfaced. In
while using that lot. this test, the effectiveness of cleaning solutions is measured
A3.6.2 Substrate Preparatica-Using the prescribed prepa- against a non-polar, oily soil mixture on a hydrophobic
ration techniques, the cured, soiled panels are remarkablubstrate. Poor performance in this test provides behavioral
uniform in appearance with average reflectance values havingformation in that environment, but does not predict perfor-
a standard deviation of only 0.25. mance against the same soil on a hydrophilic substrate or
A3.6.2.1 Soiled Panels Scrubbed with Only Water, (y): against polar soil on a hydrophilic or hydrophobic substrate.
When it is determined that repeatab¥ {alues are obtained Interpretation of results from this test, therefore, should take
for coupons scrubbed with only water, using data accumulatethese considerations into account.

in each, % soil removed is calculated as shown above.
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A4, MOHAIR CLOTH/MODIFIED GARDNER STRAIGHT-LINE WASHABILITY AND
ABRASION APPARATUS TEST METHOD 2°

A4.1 Summary of Test MethedThree separate areas of a A4.4 Procedures:

soiled-substrate plate are simultaneously cleaned by three A4.4.1 Soiling—Apply soil to a 2 in.-wide center strip of
different test formulations using a modified straight-line wash+,o g nstrate. Take care to maintain soil-thickness uniformity.

ability and abrasion apparatus. Strips of mohair cloth are used A4.4.1.1 Grease Soi-Apply grease/charcoal mixture to

instead of brushes or sponges for improved reproducibility, . . . .
Cleaned substrate areas are evaluated instrumentally to detgp_bstrate plate using &2in. paint brush. Spread soil evenly

. . . ; . ._Over substrate using a strip of mohair cloth stretched over the
mine relative cleaning performance. A cleaning index is :
. . . . eadge of a thin plate.
determined using the reflectance difference between the soile A4412 Wax Soi—Applv black b Ki |
and cleaned substrate and the number of washing strokes. . 7™ ax S0 pply black wax soll by making mul-
tiple passes with the wax marker over the substrate using a

A4.2 Apparatus: straight edge. Then melt the soil using a heat gun, and spread
A4.2.1 Straight-Line  Washability and  Abrasion the soil evenly over the surface with a piece of mohair cloth.

Apparatus—Modified as shown in Figs. A4.1-A4.5 and Table A4.4.1.3 Particulate Sod—Make particulate soiled sub-

A4.1 and Table A4.2. strate by simply rubbing an excess of graphite powder onto the
A4.2.2 Reflectometer-Colorimeter. surface area.
A4.4.2 Substrate Preparatior-Substrates should be clean
A4.3 Materials: prior to soiling. Area to be soiled (center 2 by 6-in. strip)
A4.3.1 Mohair Cloth?"— 1¥- in. wide. should be bordered by masking tape during soiling procedures.
A4.3.2 Substrate Plates-4 by 8 by ¥s in. A4.4.3 Cleaning Evaluation
A4.3.3 Example Soils A4.4.3.1 Attach mohair strips ¢ by 8 in.) to polymethyl-
A4.3.3.1 Grease—Lubricating grease with 1% charcoal, methacrylate blocks giving a¥ by 3¥>—in. cleaning surface.
well blended. Press-fit each block into a weighted holder. All three weighted
A4.3.3.2 Waxs, mohair cloth assemblies weigh 57510 g.
A4.3.3.3 Particulate—Graphite powde?. A4.4.3.2 Select a prepared soil/substrate plate, and measure
A4.3.4 Example Substrates and record the reflectance of each test area to be cleaned.
A4.3.4.1 White Latex Pairt-Two coats, on masonite board. Secure the soil/substrate plate tightly in modified straight-line
A4.3.4.2 White Vinyl Floor Tile washability apparatus.

A4.3.4.3 Stainless Steel A4.4.3.3 Place each mohair scrub assembly in approxi-

mately 50 mL of premixed solution for about 15 s. Then
transfer the scrubbers to the sample assembly holder and start
25 Cox, M. F., and Matson, T. P,, “Optimization of Nonionic Surfactants for Hard the test apparatus. Scrubbing results from the solution-wetted
Surface Cleaning,Journal of Am. Oil Chem. Sacvol 61, 1984. _mohair strips passing over the soil/substrate plate. Cleaning
A mobhair cloth found suitable for this purpose is available from National . . . .
Novelty Brush Co., Lancaster, PA. An equivalent may be used. continues until one te_St area SUbJethely approaches the
28 A Blaisdell 373-T black wax marker has been found suitable for this purposereflectance of the unsoiled substrate.

Available from Berol Corp., Danbury, CT. An equivalent may be used. ; _
29 Fisher Grade No. 38 has been found suitable for this purpose. Available from A4.4.3.4 Remove the soiled/substrate plate from test appa

Fisher Scientific Co., Pittsburgh, PA. An equivalent may be used. ratus, rinse with cold water, and allow to dry. After drying,

Gardner Straight-Line
Washability and
Abrasion Machine

Stroke
Counter

Runner Weighted Mohair
Cloth Assemblies

.
Yol

Mohair Cloth
Assembly Holder

Runner

FIG. A4.1 Schematic of Hard Surface Cleaning Test Apparatus
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FIG. A4.3 Construction of Mohair Cloth Assembly

measure and record, the reflectance of each cleaned substrateexample calculation of cleaning index is shown in Table A4.3. The
area. higher the cleaning index, the better the cleaning performance.

A4.5 Data Handling: A4.5.2 Cleaning indices are relative, and reflect the perfor-

A4.5.1 The cleaning index or relative cleaning performancén@nce of test solutions under a given set of conditions. Results
is determined by dividing the difference between the reflecWithin a single test normally vary by less than 10 %. To

tance (Ry) of the soiled substrate and the cleaned substrate b rrelate results between different tests, one of the test formu-
the number of test strokes: ations can be employed in each run as a reference. Also, since

. the number of test strokes versus cleaning index is nonlinear,

leaning Index 4 018aned — (Ry soiled the number of test strokes for each soil should be maintained
Cleaning Index——r e oo oo e number of test strokes for each soil should be maintaine
constant when testing a series of similar surfactant solutions.

(A4.1)
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FIG. A4.5 Mohair Cloth Assembly Holder

A4.5.3 It is not feasible to use a specific number of test
strokes for all tests since different solutions and soils require
varying degrees of mechanical abrasion.
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TABLE A4.1 Description of Parts

T\lir.t Modifications Made to Straight-line Washability and Abrasion Machine

A Back runner, (18 X ¥2 X %1e-in. polymethyl methacrylate).

B1 Machine bolt, (10-32 X 1 in.)—Connects back runner and test board (C and D) to chassis.

B2 Same as B1.

B3 Machine bolt, (10-32 X 1 in.)—Connects test board to straight-line washability apparatus chassis; recessed into C.

B4 Machine bolt, (8-32 X ¥2 in.)—Connects front runner to test board; test board is tapped (threaded) for bolt.

B5 Same as B4.

B 6 Machine bolt, (8-32 X ¥z in.)—Connects back runner to test board; test board is tapped (threaded) for bolt, bolt is loosened to adjust position of F.
B7 Same as B6.

B8 Machine bolt, (10-32 X ¥s in.)—Connects test board (D) to straight-line washability apparatus chassis; bolt recessed into D under F.
B9 Same as B8.

B 10 Machine bolt, (8-32 X ¥ in.)—Connects front runner to test board; test board is tapped (threaded) for bolt; bolt is loosened to adjust position of F.
B 11 Same as B10.

C Top of test board (left side), (7 X 7¥a X Ys-in. polymethyl methacrylate)—Glued to D with methylene chloride.

D Test board base—Two sheets of polymethyl methacrylate (18 X 7% X % in.).

E Front runner, (18 X ¥2 X %e-in. Lucite)—Area 4 in. long by %16 in. deep removed (bottom/center) to prevent scraping of soil when soiled substrate
plate is inserted.

F Adjustable slide plate, (7 X 7% X Ys-in. polymethyl methacrylate)—Adjusts to hold securely soiled substrate plate; elongated, oversized holes for

B 6, B 7, B 10, and B 11 allow plate to be moved back and forth.

TABLE A4.2 Description of Parts

F;\s)rt For Weighted Mohair Cloth Assembly Unit
A Lead weight, (approximately 3%2 X 1¥2 X %e-in.)—Designed to make final weight of assembled unit (with mohair cloth) = 575 * 10 g; attached to
top of block retainer (B) with four bolts.
B Top of block retainer, (3¥s X 1% X %1e-in. polymethyl methacrylate)—Tapped (threaded) to receive bolts (E) which secure A; glued to Parts C (2)

and D (2) using methylene chloride.
Sides (2) to block retainer, (3¥s X 1%. X %1e-in. polymethyl methacrylate)—Glued to Parts B and D (2) using methylene chloride.
Edges (2) of block retainer, (1¥s X 1¥2 X %1e-in. polymethyl methacrylate)—Glued to Parts B and C (2) using methylene chloride.
Bolts, (X X %2 in.) to secure lead weight to B.

moo

TABLE A4.3 Example of Cleaning Index Calculation

For Evaluation of Mohair Cloth Cleaning Performance

Sample Soiled Cleaned No. Test Cleaning
Rd Rd Strokes Index
A 4.1 37.6 10 3.4
B 5.2 67.1 10 6.2(Best)
C 4.7 49.3 10 4.5

For Solution A Cleaning index = (Cleaned Rd - Soiled Rd/Number Test
Strokes) = (37.6 - 4.1/10) = 3.4.

A5. PARTICULATE AND OILY SOIL/VINYL TILES TEST METHOD

A5.1 Summary of Test MethedVinyl tiles soiled in the A5.3.1 White Vinyl Floor Tileg?, (12 by 12 by¥s in., cut to
prescribed method are washed on the straight-line washabili§2 by 9 in.).
apparatus. Reflectance values before and after soiling, and afterA5.3.2 Natural Humug?2.
washing are determined. Reflectance values are used to calcu-A5.3.3 Paraffin Oif3,

late percent soil removal. A5.3.4 Used Crankcase Motor Qi(Obtain from any local
auto service station.)
A5.2 Apparatus: A5.3.5 Portland Cemerit.
A5.2.1 Straight-Line Washability Apparatfis A5.3.6 Carbon, Lampblack.

A5.2.2 Tristimulus Colorimetet.
A5.2.3 Brass Templated¥z by 9 in. with 2 by 4-in. hole cut

In center. 31 Amitco Luxury Vinyl Tiles have been found suitable for this purpose.
. 32 Available from Earthgro Inc., Lebanon, CT.
Ab5.3 Materials: 33 JT Baker S894-07 has been found suitable for this purpose. Available from

Phillipsburg, NJ.
34 Type I/ll, Magnolia Brand has been found suitable for this purpose.
35 Fisher Chemical, Cat. No. C198-500 has been found suitable for this purpose.
39 Minolta Chroma Meter, Model CR-110 with Data Processor DP-100 has beerfvailable from Fisher Scientific, Pittsburgh, PA.
found suitable for this purpose. Available from Minolta, Ramsey, NJ.

11
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A5.3.7 Silica.

A5.3.8 Iron Oxide?.

A5.3.9 Bandy Black Clay’.

A5.3.10 Stearic Acid®.

A5.3.11 Oleic Acid®.

A5.3.12 Kerosenelow odor®.
A5.3.13 Stoddard Solveft.

A5.3.14 SAE 10 Motor Off*.
A5.3.15 All-Vegetable Shortenifg
A5.3.16 Olive Qil*2

A5.3.17 Linoleic Acid*.

A5.3.18 Squalene 97 %.

A5.3.19 1-Octadecene, tech., 90'%%
A5.3.20 Paper Toweling

A5.3.21 Cellulose Spongé$ cut to Baby 3% by 1% in.

Constituent Parts
Kerosene 12
Stoddard solvent 12
Paraffin oil 1
SAE 10 motor oil 1
Vegetable shortening 1
Olive oil 3
Linoleic acid 3
Squalene 3
1-Octadecene 3

39

A5.4.2.1 Mix all-vegetable shortening in appropriate sized
glass beaker over steam bath. Then add paraffin oil, SAE 10
motor oil, and olive oil. Cover beaker and blend in remaining
ingredients. Continue to mix until uniform, straw-colored
liquid is obtained.

A5.4.3 Soil Application—Cover vinyl tile with brass tem-

A5 4 Procedure: plate. Place 50 mg (0.05 g) of particulate soil in the center area.
' ' Wet a double thickness of paper toweling’{by 2% in.) with
A5.4.1 Particulate Soil Preparation-Prepare particulate 5 drops of the oily blend. Set the paper towel over the soil
soil by adding, in the order listed: mound and leave in place for about 10 s. This helps to wet out

Constituent Weight, % the dry particulate. Begin rubbing the soil into the tile using a
hatral humus 80 circular motion and moderate pressure. Continue application
Used crankcase motor oil 15 until the framed area is evenly soiled. Be aware that too much
gfl?ftland cement g-g pressure may result in tiles that appear to have a light coating

Hica . . .
Carbon, lampblack 15 of soil, but are harder to clean. This seems to result from the
Iron oxide 0.3 fact that more soil is left behind on the towel, but the dirt that
Bandy black clay 18.0 is applied is more imbedded in the tile. In any event, for a given
Syearic acid 2 set of tiles, the soil application steps should be done by a single

100.0 operator.

A5.4.1.1 Mix by hand in a glass beaker. Transfer this A5-4.3.1 Allow soiled tiles to air dry for 24 h before
composition to a ball mill. Measure out one and one-half timesC'ea”'”Q- In general, shorter drying time will result in tiles that
its volume of water in the empty beaker. Swirl water around@'® easier to clean.
vigorously several times to suspend any of the soil mixture that A5.4.4 Reflectometer Measurementfter proper calibra-
may be adhering to the sides of beaker. Add water, witHion of the tristimulus colorimeter set its data processor to L, a,

remaining suspended soil particles, to the soil mixture in balP mode. For this test, it is only necessary to use the “L” value,
mill. Mix for 18 h using a combination of large ¥4 in. since it measures on a black and white scale (0 = black,
diameter by ¥ in.) and small ¥zin. diameter by¥%2 in.) 100 = white). Read reflectance of vinyl tiles before and after
ceramic cylinders. Transfer to large shallow tray and air drysoiling by taking 3 readings per tile. The “before” reading will
(Tray may be placed in 120°F oven to accelerate drying time.jot vary significantly if the tiles are sourced from the same
Soil should be turned over occasionally to allow for drying of manufacturer. An average may be obtained after measuring 3
bottom surface. When completed dry, pulverize using mortafiles (9 readings), and this can be used in the calculation from
and pestle, and screen through 300-mesh screen. test to test. Readings after soiling can vary greatly from tile to
A5.4.2 Oil Blend Preparatior—Prepare oily material by tile, so these should be carefully recorded.
blending the following over a steam bath: A5.4.5 Cleaning Test Place the soiled tile on the wash-
ability apparatus using additional pieces of tile to hold the
soiled panel in place. Wet the panel, in the center of the soiled
36 Tamsil 30 has been found suitable for this purpose. Available from Unimin area, with 20 mL of the test solution and allow to stand for 1
Specialty Minerals Inc., Elco, IL. . . .
37 pvailable from H. C. Spinks Clay Co., Paris, TN. min. After approximately 30 s has elapsed, pour an additional
38 Available from Acme-Hardesty, Jenkintown, PA. 50 mL of the test solution onto the wrung-out wet sponge in the
39Cat. No. 32946-0, available from Aldrich Chemical Company, Milwaukee, sponge holder. When 1 min is up, invert the sponge so that the
Wi, ias been found sutable for this purpose. . _wet side is in contact with the soiled tile. Scrub for ten cycles.
ule 66 Mineral Spirits have been found suitable for this purpose. Available . . .
from Ashland Chemical Co., Columbus, OH 43216. Remove panel and rinse with tap water. Discard sponge. A
“1valvoline SAE 10 W non-detergent has been found suitable for this purposefresh sponge should be used for each panel.

42 |talica Spanish 100 % Pure has been found suitable for this purpose. Available : :
from Italica Imports, Scarsdale, NY, A5.4.6 Evaluation of Cleaning TestRead the reflectance

43Cat. No. 23,392-7, available from Aldrich Chemical Company, Milwaukee, of the Cleaned tiles (3 readings per ti!e) and l_Jse the mean of the
WI, has been found suitable for this purpose. three readings to calculate % cleaning efficiency:
44 Cat. No. 22,316-6, available from Aldrich Chemical Company, Milwaukee, Rl - RO

WI, has been found suitable for this purpose. % cleaning efficienc A5.1
45 Cat. No. 0-80-6, available from Aldrich Chemical Company, Milwaukee, WI, 0 9 YRBorR (AS.1)

has been found suitable for this purpose.
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R1 = reflectance of soiled tile after cleaning, R2 = reflectance of soiled tile before cleaning, and
R3 = reflectance of tile before soiling.

A6. OIL, CARBON BLACK AND CLAY/WHITE ENAMEL PAINTED STAINLESS-STEEL PANELS TEST METHOD

A6.1 Summary of Test MethedAn oil, carbon black, clay A6.3.22 Paper Toweling
soil on white-enamel painted stainless-steel panels is scrubbedA6.3.23 Acetone
with a straight-line washability apparatus. Products that con- A6.4 Procedure:

tain organic solvents should not be used with this test method. ] ] ]
A6.4.1 Panel Preparatior—Stainless-steel sheeting should

A6.2 Apparatus: be cut into 6 by 6-in. squares. Do not bend the panels. Slight
AG.2.1 Forced Draft Ovef, +2°C control. bending by the cutter blader may occur at the edges.
A6.2.2 Fume Hood A6.4.1.1 Panels should be wiped clean with a paper towel
AB.2.3 Straight-Line Washability Apparatus and acetone to remove any oil finish from the steel. As later
A6.2.4 Reflectometer steps will bend panels, the same surface should be painted for
each use. Inspect panels for flatness. Bent panels should be
A6.3 Materials: straightened carefully on a flat surface. Note any distortion at
A6.3.1 20-Gage Sheet Stainless Steel the edges; any bending should be downward. Panels should be
A6.3.2 Metal Shears marked so the same surface will be painted for each use.
A6.3.3 White Satin Gloss Enanfél A6.4.2 Paint Preparatior—A mixture of white satin gloss
A6.3.4 Odorless Paint Thinnéd. enamel and mineral thinner is used to paint the panels. Place

AB6.3.5 Wire Dish Rack plastic-covered sufficient to hold 200 to 230 g of well-stirred paint into a 400-mL beaker. Total

steel panels at 55 to 70° angle. weight of finished paintis:
A6.3.6 Gloves polypropylene or latex. (Original Weight/0.94)

A6.3.7 Cardboard Sheets A6.4.2.1 The total weight is made by adding the requisite
AB.3.8 Beaker 400 mL. 0.94 amount of thinner to the uncut paint and blending
A6.3.9 Wooden Support Bloek4 by 4 by 1 in. or similar.  thoroughly. Paint should be prepared fresh for each use. Stir
A6.3.10 Paint Applicator Replacement P& paint thoroughly before each panel preparation, as some

A6.3.11 Polyurethane Pad3% by 3 in. or 2 in., or  Séparation occurs. o
A6.4.2.2 Pour 20 to 30 g of the prepared paint mixture onto

eq:g/gl_igt'c_damp 2 in. adjustable. the panel to be painted. Tip the panel so that paint flows over
A6.3.13 Double-Faced Tapel¥: in. the entire panel, except for abokt in. along the top. Excess
A6.3.14 Heavy Mineral O, paint that flows off the panel can spill onto a second panel
A6.3.15 Graphite Powdet®, placed on the wooden block. When the surface is covered, lean
A6.3.16 Clay’™. the panel against the washability apparatus so that paint drains
AB6.3.17 Car Wash Spong@ onto another panel. Replace the panel on the wooden block

A6.3.18 Template cut from aluminum or other suitable with a clean one, and repeat the procedure with this panel.
material, to dimensions in Fig. A2.1. A6.4.2.3 When 5 panels have been painted and are draining,

A6.3.19 Non-lonic Surfactarsé. the first painted panel should be placed in the dish rack.

A6.3.20 Tetrasodium Salt of EDTFA Continue the process. A total of 24 panels can easily be

AB.3.21 Tetra Potassium Pyrophosphate prepared from 230 g of prepared paint in this manner. When alll

panels are painted, place the dish rack in the fume hood to dry,

- situating the rack so as best to pass air across the panels. Lower

46 An oven found suitable for this purpose is available from Blue M. Corp., Blue door of hood partially to increase draft. Air dry panels for 6 to
Island, MI. An equivalent may be used. 7 h.

47 Dutch Boy #510 has been found suitable for this purpose (trademark of Dutch A6.4.2.4 After air drying, p|ace panels into the wooden

Boy Co., Holland, MI). An equivalent may be used. . . 5
“8Nankee “Pollution Free” paint has been found suitable for this purposeh0|dmg racks. Place these panels into oven at 54.5°C for 16 to

(trademark of Cantor Bros., Farmindale, NY). An equivalent may be used. 17 h. Cool panels o6 h atroom temperature before soiling.
f“g (S:hur-Line has been fou)nd suitable Ifor this pgrposed(trademark of Shurline  A6.4.3 Soil Preparatior—The soil is prepared in a 4-o0z
Mfg. Co. Inc., Lancaster, NY). An equivalent may be used. ; ; ; ; P
50 Material from Squibb and Sons, NY, NY has been found suitable for this round glass jar. Welgh the followmg into the jar:
purpose. An equivalent may be used. Paint Thinner 50 g
51 Kaolinite Hydrite #121 has been found suitable for this purpose. Available Vegetable oil 49
from Georgia Kaolin, Elizabeth, NJ. An equivalent may be used. Mineral oil 109
52Rallye Sponge has been found suitable for this purpose (trademark of E. I. Clay 1049

dupont de Nemours and Co. Inc., Wilmington, DE). An equivalent may be used. Graphite Powder 454

53 Triton X-102 has been found suitable for this purpose. Available from Union Place a magnetic stirring bar into the jar and agitate well for
Carbide. An equivalent may be used. . . ! .
54Seques trene No. 4 powder has been found suitable for this purpose. Availab@0 min. The soil should be prepared 3 days before use. The soil

for Ciba Giegy Corp. Greensboro, NC. An equivalent may be used. may be used up to 2 months after preparation.
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A6.4.4 Assembly of Soiling PadThe soiling pad is as- the template. Readings can be taken from right-to-left or
sembled by placing three 3 in.-strips of two-sided tape into deft-to-right, but note and record which direction is used.
paint applicator pad with the nap of the bristles down andRecord each reading.
pointed towards the assembler. Place the foam pad onto the A6.5.2 Sponge Preparatioa-The car wash sponge must be
paint applicator. Press down to ensure a good contact. Placecanditioned to obtain uniformity of cleaning action. Rinse the
small mark on the pad to show the proper orientation of the pagponge in a 0.05 % solution of non-ionic surfactant, and twist
in the holding block. the sponge tightly 20 times. The sponge should then be

A6.4.5 Conditioning New Soiling Pad-Place the soil ap- dampened and cut carefully to 9.5 by 7 cm. A single-edge razor
plicator into the straight-line washability apparatus holdingblade has been found useful for this function.
block so that the face is toward the operator. Place one panel onag.5.2.1 After cutting, the sponge should be rinsed again in
the right side of the apparatus. This panel will remain there ag 0.05 % of non-ionic surfactant solution and crushed well to
a marker panel for panels to be soiled. A second panel shoulémove any stiffness.
be C-clamped on the left side of the straight-line washability aAg.5.2.2 The sponge should then be run 200 cycles over a
apparatus so that the panels to be soiled will fit between thgpare panel. The sponge is squeezed out in clean water after
marker panels. The new applicator must be conditioned beforgach 100 cycles, and 150 mL of the 0.05 non-ionic surfactant
use. A panel should be placed into the tray next to thesojution is placed onto the sponge before each series of cycles
C-clamped marking panel. Eight drops of mineral spiritSis run.
should be placed onto the panel, and the apparatus run for 105 5 2.3 Rinse the sponge well in 25°C water to remove
cycles to soil the applicator. Repeat this procedure 3 times. Thgny surfactant residue. Squeeze damp dry before use.

soiling mixtl_Jre should then be applied to the panelinthe same ag 5 3 Reference SolutiorA reference cleaning solution
manner. Thlg_should be repeated 1.0. times. . concentrate can be made according to the formula below. This
A6.4.6 Soiling Panels— Before soiling panels, the applica- h

- : . das been found to be stable for at least 6 months.
tor pad must be conditioned in the same manner describe _ _
Standard Cleaning Solution Concentrate

above, except only soil mixture should be used. The pad should Constituent Weight %
be run 5 times with 8 drops being applied each time to the  Non-ionic surfactant 5.0
“dummy” panel. The drops should be placed so that they E%?A_Ph‘l’;f‘js'“m Pyro Phosphate é-g
contact each other in a row across the width of the applicator  pigiied water 925
pad. They should be drawn over to contact each other with the 100.0

eye dropper if they do not touch.
A6.4.6.1 When the pad is suitably prepared for use, th iform
panels to be soiled are put onto the tray. As above, 8 drops 0 ) S
soil are placed onto the panel across the width of the pad and A6'5":'j Iest Proguci— Test prodqc;]t hd'"ét'ons shoq]lcq dbe
touching. The machine is then run for 10 cycles. Care shoulf cPared from am lent tap water, with hardness specified. Use
dilutions should be prepared fresh for each test, and should be

_be take_:n m_shuttmg ofl‘_the _machlne S0 that a regular SO'I.fm'sr}nade at the manufacturer’'s recommended cleaning dilution.
is applied (if the machine is shut off too early, marks will be

created in the soil finish when the pad slows and stops). A.6‘5'4'1 Dilutions should be ma.de.on a weight/volume
basis (for example, a 1-0z to 1-gal dilution would be made by
Note A6.1—Alternatively, the soiled panel may be removed from the diluting 1 gram of product with 127 mL of water). The internal

Gardner while it is still cycling, although care should be taken to avoidsiandard dilution should be made in the same manner at a 1:100
catching oneself in the machinery. This procedure is continued with eac ilution

panel to be soiled. When an excess of the soil builds up on the marking .
panel, the edge of the soil build up should be removed with a paper towel. A6.5.5 Panel Washing- The panel to be washed should be

Any other excess of soil on the edge of the test panels should also Helaced squarely into the tray supplied with the straight-line

removed with a paper towel. washability apparatus. Clean panels are placed on either side of
A6.4.7 Curing Soiled Panels-The soiled panels are al- the panel, and a C-clamp is used to clamp the test panel onto

lowed to air dry for 30 min. They should then be placed into ath® machine.

54.5°C forced-draft oven for 16 to 17 h. The painted surfaces A6.5.5.1 Place the damp-dry sponge into the housing box of

are tilted slightly toward the draft of air so that all panels will the straight-line washability apparatus. Total weight of the box

Weigh all ingredients into a suitable beaker and stir until

receive equivalent heating. should be 1 Ib2 oz. Carefully place 150 mL of test solution
_ onto the sponge. Place the sponge in operating position and
A6.5 Cleaning Procedures: wash the test panel for 35 cycles. Shut off the straight-line

A6.5.1 Recording Soiled ReadingsAfter allowing the  washability apparatus, remove the C-clamp from the panels,
soiled test panels to cure the required number of hours, they ari#se the panel under a light stream of 25°C tap water, and set
cooled to room temperature. Warm up photovolt reflectometeaside to dry. Rinse the tray and side panels also.
for at least 30 min. The search unit with amber filter should be A6.5.5.2 Remove the sponge from the housing, rinse and
placed onto the white enamel standardization panel during thequeeze damp-dry. Five tiles should be run for each product.
warm-up period. Adjust the meter according to manufacturingrhe sponge is cleaned between products by washing it with a
instructions. The panels should be numbered on the uppé.5 % solution of sodium dodecyl benzene sulfonate. Rinse the
painted surface for identification. sponge well before reuse, and squeeze damp-dry. The sponge

A6.5.1.1 Four readings of each panel should be taken usinghould be used for 6 products at most (3 each side), after which
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a new sponge should be used. where:
R¢ = cleaned reflectance,
A6.6 Treatment of Results: R° = original reflectance,

A6.6.1 Mean Value of Experimental Standasdhe percent R = Soiled reflectance, and . .
experimental standard cleaning efficiency.

cleaning efficiency of the standard reference solution should i
first be calculated: Each reading should be calculated (4 per panel) and re-

corded.
A6.6.3 Determination of Adjustment ValdeThis value ad-
justs experimental c.e. data (at experimental conditions) to

(R — RYR° — R®) X 100 = cleaning efficiency (A6.1)

where: _ ideal c.e. data (at ideal conditions).
R*® = unsoiled reflectance of the panel, and SE) = Adiustment Val AG.A
R° = cleaned reflectance. (SB) = Adjustment Value (Ae4)

A6.6.1.1 Each reading should be calculated (4 readings per
panel). The average of the readings should then be calculatedhere:
with the formula: S = experimental standard, and

E 84.30 (ideal value).

If the adjustment value is lower than 0.9 or larger than 1.1,
the values obtained for the test products should not be used to
where: ) ) . develop a 95 % confidence limit for the product. Only com-

E = average % cleaning efficiency of reference cleaning naraive results between the products run at the same time may

E = (S En) (A6.2)

solution,
E = % cleaning efficiency of each reading, and be reported. ) .
n = number of readings. A6.6.4 Calculation of the mean and the standard deviation.
A6.6.1.2 The value of will be used to adjust experimental The mean of the values should be calculated by the formula:
values to values expected from “ideal” conditions. X = (S Xn) (AB.5)

A6.6.2 Adjusted Cleaning Efficiency of Test Produets
The % cleaning efficiency of the test products is calculated and

adjusted to ideal conditions using the formula: Where: . .
mean (average) cleaning efficiency,

cleaning efficiency (from A6.6.2), and
number of readings.

R-F
% cleaning efficiency= ﬁ X (adjustment valuex 100
(A6.3)

S5 XX
1

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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