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&' NOTE—Test Method was corrected editorially in 2011

INTRODUCTION

Although all porcelain enamels are highly resistant to atttack by cold alkaline solutions, some
compositions are affected by hot solutions of the type encountered in automatic laundry and
dishwashing equipment. Tests to eliminate porcelain enamels of poor resistance have been developed
and used by various laboratories. In general, these tests consist of subjecting specimens to a boiling
solution of either sodium pyrophosphate or sodium hydroxide for a period of two or more hours. The
specimens are weighed before and after exposure to the test treatment and the loss-in-weight is taken
as a measure of alkali attack. In some tests representing milder exposure conditions, the 45 degree
specular gloss is measured before and after exposure and the percentage of initial gloss retained is used
as an indicator of alkali resistance. While such tests have served a useful purpose in developing more
resistant porcelain enamel compositions and in manufacturing control operations, agreement between
laboratories has left something to be desired. The present test was designed to provide the

reproducibility between laboratories that is so essential to any standard test procedure.

1. Scope

1.1 This test method” covers the measurement of the resis-
tance of a porcelain enamel to a hot solution of tetrasodium
pyrophosphate. Although the specific alkali mentioned herein
is tetrasodium pyrophosphate the equipment and techniques are
equally applicable to other alkali solutions.

1.2 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 This test method is intended specifically for testing the
resistance to alkaline attack of porcelain enamels to be used as

! This test method is under the jurisdiction of ASTM Committee BO8 on Metallic
and Inorganic Coatingsand is the direct responsibility of Subcommittee B08.12 on
Materials for Porcelain Enamel and Ceramic-Metal Systems.
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a final finish on washing machines, dishwashers, combination
washer-dryers, and similar appliances where the surface is
normally exposed to an alkaline environment at elevated
temperatures.

3. Apparatus

3.1 Test Chamber, of a type illustrated in Fig. 1, Fig. 3, and
Fig. 6. This part of the equipment consists of a stainless steel
beaker fitted with an O-ring sealed cover which supports an
immersion heater, a stirring device, thermometer and thermis-
tor wells; three specimen holders; a reflux condenser; a flow
channeling shield to slide over and be supported by the
immersion heater; and a stirring motor.> The beaker, heater
sheath, stirring device, thermometer and thermistor wells,
specimen holders, and the flow channeling shield shall be made
from stainless steel alloys from the AISI 300 Series.

3.2 Temperature Controller, thermistor-actuated, capable of
maintaining the temperature of the alkali solution in the beaker
at 96.00 = 0.20°C.

3.3 Thermometer, calibrated, approximately 15 in. (380
mm) long and ° /32 in. (7.1 mm) in diameter, with 0.1° divisions.

3.4 Drying Oven, electrically heated.

3 See the appendix for drawings of the equipment. This equipment may be
purchased from the Hoover Instrument Service, Inc., 401 N. Home Rd.,Mansfield,
OH 44906.
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Note 1—Test solution is in stainless steel beaker.

FIG. 1 Alkali Equipment in Operation

3.5 Balance, having a sensitivity of 0.1 mg and a capacity of
not less than 200 g.

3.6 Desiccator.

3.7 Hot Plate, or burner suitable for heating the test solu-
tion.

3.8 Sponge, soft, cellulose.

3.9 Aluminum Alloy Sheets, approximately 32 by 32 by 4
in. (89 by 89 by 3.1 mm).

4. Reagents and Materials

4.1 Tetrasodium Pyrophosphate, hydrated (Na, P, O, -
10H, O), recrystallized, reagent grade.

4.2 Trisodium Phosphate (Na; PO, -12H, O).

5. Test Specimens

5.1 Preparation of Specimens— The test specimens shall
be 3'2 in. (89 mm) square and may be prepared by enameling
metal blanks of that size or by cutting from a larger piece.
Hanging holes, if necessary for firing or weighing or both, may
be placed at the corners. The specimens shall be sufficiently flat
to permit sealing in the holders. The edges of cut specimens
shall be stoned or filed to remove any sharp or loosely adhering
fragments of metal or porcelain enamel. It is recommended that
the specimens be permanently marked on the back side for
identification.

5.2 Number of Specimens—Six specimens shall be tested
simultaneously.

5.3 Cleaning of Specimens Before Alkali Exposure —The
specimens shall be rinsed with running tap water and washed

with a soft cellulose sponge dampened with a 1 % solution of
trisodium phosphate. A light pressure and a back-and-forth
motion in two directions, 90° apart, shall be used in the
washing. After washing, the specimens shall be rinsed first with
running tap water, next with distilled water and then allowed to
drain in a near vertical position prior to oven-drying at 110°C
for 15 min. The specimens shall be cooled in a desiccator for
30 min prior to weighing.

5.4 Weighing of Test Specimens—The specimens shall be
weighed immediately upon removal from the desiccator.
Weights shall be recorded to 0.0001 g. The weighed specimens
shall be stored in a desiccator until tested.

6. Procedure

6.1 Preparation of Test Solution—Prepare the test solution
by adding 260 g of tetrasodium pyrophosphate to 4.940 litres
of distilled water. Pour the entire amount of prepared solution
into the beaker and cover the rectangular slots with lids. Use a
freshly prepared solution for each set of six specimens.

6.2 Preheating Test Solution—Place the temperature con-
troller and stirrer in operation and preheat the solution to 96°C.
Heating may be expedited by placing the beaker on a hot plate
or over a gas burner. When a temperature near 96°C has been
reached, remove the beaker from the hot plate and place on an
insulated surface. Allow an equilibration period of 15 min for
all parts of the equipment to achieve a stable temperature, and
adjustment of the control point to yield the desired tempera-
ture.

6.3 Preparation for Alkali Exposure— Place two clean,
weighed specimens in each specimen-holder box. Shims may
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FIG. 2 Cover for Alkali Equipment

be useful in the bottom of the specimen boxes to center the
specimens vertically about the exposure openings. Back-up
each specimen with a stress distributing aluminum alloy
backing sheet and insert the clamping device between the two
sheets. Tighten the clamping device only enough to give a
leakproof seal. Test the seal by filling the specimen box with
water to confirm the absence of leaks. Next, remove the water
and preheat the specimen holder assembly in an oven at 110°C
for about 15 min.

6.4 Exposure of Specimens—When the test solution has
reached 96°C and is under control, remove the lids and insert
preheated specimen holder assemblies in the proper openings.
Expose six specimens for 6 h at 96 = 0.20°C. The exposure
time shall start upon insertion of the specimen holders and shall

end with their withdrawal. After removal from the holders
clean, dry and weigh the specimens as specified in 5.3 and 5.4.

6.5 Measurement of Exposed Area—Calculate the area of
the etched portion of the specimen using the average of two
diameters, approximately 90° apart, which have been measured
to the nearest 0.01 in. (0.25 mm).

7. Calculation
7.1 Calculate the weight loss for each specimen as follows:
L, mg/in.2=[(B— C) X103 /D (1)

or
L, mg/cm?=[(B—C)x10*]/E 2)
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A— Empty specimen holder in position.
B— Immersion heater.

C— Thermometer well.

D— Thermistor well.

E— Stirrer.
F— Circular shield (lowered for clarity).

FIG. 3 Cover Assembly

where

L = weight loss,

B = original weight of specimen, g,

C = final weight of specimen, g,

D = area of etched attack, in.” (0.155 x cm 2 ), and
E = area of etched attack, cm? (6.45 x in.?).

8. Treatment of Data

8.1 Single Determination—Six specimens shall constitute a
sample. The average of six values of weight loss (L), shall be
termed the mean weight loss, L, for the sample. The statistical
error of the determination shall be computed by the use of the
equation:

e=1.15¢ (3)

where:

e = the statistical error of the mean value for the sample, at
the 95 % confidence level, and

the standard deviation of the six individual weight
losses from the average of all six weights.

Note 1—The factor 1.15 is applied only when the number of specimens
is six, and the confidence level is 95 %.

9

8.1.1 This standard deviation shall be computed from the
generalized equation:

o=V (EXZ/n) -X° (4)

or if the number of specimens, n, is six, from:

s=V(Xx6) - x> (5)

where:

YX? = sum of the squares of the weight loss values of the six
individual specimens, and

X? = the square of the mean weight loss of the six
specimens.

8.1.2 Tllustrative calculations are given below. The recom-
mended number of decimal places is given in each case:

Specimen No. L, mg/in. 2 L2

1 7.7 59.29

2 7.5 56.25

3 6.9 47.61

4 8.0 64.00

5 7.7 59.29

6 7.9 62.41
Sum 45.7 348.85
Mean 7.6167 58.1417

from Eq 3:
o = \/58.1417 — (7.6167) > = \/0.1276 = 0.357 (6)
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