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Standard Test Methods for

Pitting and Crevice Corrosion Resistance of Stainless
Steels and Related Alloys by Use of Ferric Chloride
Solution *

This standard is issued under the fixed designation G 48; 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
epsilon €) indicates an editorial change since the last revision or reapproval.

1. Scope lar Attack in Austenitic Stainless Steéls

1.1 These test methods cover procedures for the determina- D 1193 Specification for Reagent Water
tion of the resistance of stainless steels and related alloys to E 691 Practice for Conducting an Interlaboratory Study to
pitting and crevice corrosion (see Terminology G 15) when _Determine the Precision of a Test Mettiod _
exposed to oxidizing chloride environments. Four procedures E 1338 Guide for the Identification of Metals and Alloys in

are described and identified as Methods A, B, C, and D. Computerized Material Property Databéses _
1.1.1 Method A—Ferric chloride pitting test. G 1 Practice for Preparing, Cleaning, and Evaluating Cor-
1.1.2 Method B—Ferric chloride crevice test. rosion Test Specimefs _ _
1.1.3 Method G—Critical pitting temperature test. G 15 Terminology Relating to Corrosion and Corrosion
1.1.4 Method D—Critical crevice temperature test. Testing

1.2 Method A is designed to determine the relative pitting G 46 Guide for Examination and Evaluation of Pitting
resistance of stainless steels and nickel-base, chromium- _Corrosior? . .
bearing alloys, whereas Method B can be used for determining G 107 Guide for Formats for Collection and Compilation of
both the pitting and crevice corrosion resistance of these alloys. Corrosion Data for Metals for Computerized Database
Methods C and D allow for a ranking of alloys by minimum Input®
(critical) temperature to cause initiation of pitting corrosion3
and crevice corrosion, respectively, of stainless steels and L . )
nickel-base, chromium-bearing alloys in a standard ferric 3-1 Definition of Terms Specific to This Standard:
chloride solution. 3.1.1 critical crevice temperaturen—the minimum tem-

1.3 These tests may be used to determine the effects §erature (°C) to produce crevice attack at least 0.025-mm
alloying additives, heat treatment, and surface finishes of?-001-in.) deep on the bold surface of the specimen beneath
pitting and crevice corrosion resistance. the crevice washer, edge attack ignored.

1.4 The values stated in SI units are to be regarded as the 3-1-2 critical pitting temperature n— the minimum tem-
standard. Other units are given in parentheses for informatioRérature (°C) to produce pitting attack at least 0.025-mm
only. (0.001-in.) deep on the bold surface of the specimen, edge

1.5 This standard does not purport to address all of the@ttack ignored. o . .
safety concerns, if any, associated with its use. It is the 3.2 The terminology used herein, if not specifically defined

responsibility of the user of this standard to establish appro-0therwise, shall be in accordance with Terminology G 15.
priate safety and health practices and determine the appnca_[)efln|t|ons provided herein and not given in Terminology G 15

bility of regulatory limitations prior to use. are limited only to this standard.

2. Referenced Documents 4. Significance and Use
2.1 ASTM Standards: 4.1 These test methods describe laboratory tests for com-

A 262 Practices for Detecting Susceptibility to Intergranu-Paring the resistance of stainless steels and related alloys to the
initiation of pitting and crevice corrosion. The results may be

. Terminology

1 These test methods are under the jurisdiction of ASTM Committee GO1 on 2 Annual Book of ASTM Standardgol 01.03.
Corrosion of Metals, and are the direct responsibility of Subcommittee G01.05 on * Annual Book of ASTM Standardéol 11.01.

Laboratory Corrosion Tests. 4 Annual Book of ASTM Standardgol 14.02.
Current edition approved May 10, 2000. Published June 2000. Originally *Annual Book of ASTM Standardgol 02.05.
published as G 48 — 76. Last previous edition G 48 — 99a. ® Annual Book of ASTM Standardgol 03.02.
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used for ranking alloys in order of increasing resistance to 5.1.3 Condensers, Vents and Covers
pitting and crevice corrosion initiation under the specific 5.1.3.1 A variety of condensers may be used in conjunction
conditions of these methods. Methods A and B are designed with the flasks described in 5.1.1. These include the cold
cause the breakdown of Type 304 at room temperature. finger-type (see, for example, Practices A 262, Practice C) or
4.2 The use of ferric chloride solutions is justified because ifAllihn type condensers having straight tube ends or tapered
is related to, but not the same as, that within a pit or crevice sitground joints. Straight end condensers can be inserted through
on a ferrous alloy in chloride bearing environmefits2).” The  a bored rubber stopper. Likewise, a simple U tube condenser
presence of an inert crevice former of consistent dimension onan be fashioned.
a surface is regarded as sufﬁc_lent spec[flcatlon of CTEVICE \ore 2—The use of ground joint condensers requires that the mouth of
geometry to assess relative crevice corrosion sus.ceptlblh_ty. the flask have a corresponding joint.
4.3 The relative performance of alloys in ferric chloride , )
solution tests has been correlated to performance in certain real®-1.3.2U Tube Condenseysfitted through holes in an
environments, such as natural seawater at ambient temperatf@Propriate size rubber stopper can be used in conjunction with
(3) and strongly oxidizing, low pH, chloride containing envi- the 300-mm test tube described in 5.1.2.
ronments(4), but several exceptions have been repo(ted). 5.1.3.3 When evaporation is not a significant problem,

4.4 Methods A, B, C, and D can be used to rank the relativdlasks can be covered with a watch glass. Also, flasks as well
resistance of stainless steels and nickel base alloys to pittirg® test tubes can be covered with loosely fitted stoppers or

and crevice corrosion in chloride-containing environments. N@lastic or paraffin type wraps.
statement can be made_ about _reSiStance of alloys in environ-Nore 3—Venting must always be considered due to the possible build
ments that do not contain chlorides. up of gas pressure that may result from the corrosion process.

4.4.1 Methods A, B, C, and D were designed to accelerate
the time to initiate localized corrosion relative to most natural
environments. Consequently, the degree of corrosion dama%%
that oceurs _durlng testing will Qef‘era!'y be greater than that Noes create the possible opportunity for crevice corrosion to
natural environments in any similar time period.

. . . occur along the edge.

4.4.2 No statement regarding localized corrosion propaga-

tion can be made based on the results of Methods A, B, C, or Note 4—See 12.2 concerning edge attack.

D. ) o . 5.1.4.2 When using flasks, specimens can be supported on
4.4.3 Surface preparation can significantly influence results;radles or hooks. Cradles, such as those shown in Fig. 1,
Therefore, grinding and pickling of the specimen will meang|iminate the necessity for drilling a support hole in the test
that the results may not be representative of the conditions @pecimen. While the use of hooks requires that a specimen
the actual piece from which the sample was taken. support hole be provided, the hooks, as contrasted to the cradle,
Note 1—Grinding or pickling on stainless steel surfaces may destroyae easier to fashion. Moreover, they create only one potential
the passive layer. A 24-h air passivation after grinding or pickling iscrevice site whereas multiple sites are possible with the cradle.
sufficient to minimize these differencg8).

4.4.4 The procedures in Methods C and D for measuring
critical pitting corrosion temperature and critical crevice cor-

rosion temperature have no bias because the values are defirféif0Sion specimens is optional.
only in terms of these test methods. 5.2 Water or Oil Bath constant temperature.

5.2.1 For Methods A and B, the recommended test tempera-
5. Apparatus tures are 22+ 2°C or 50+ 2°C, or both.

5.1 Glassware-Methods A, B, C, and D provide an option _ -2-2 For Methods C and D, the bath shall have the
to use either wide mouth flasks or suitable sized test tube&aPability of providing constant temperature between 0°C and
Condensers are required for elevated temperature testing whér C+ 1°C. _
solution evaporation may occur. Glass cradles or hooks also -3 Crevice Formers—Method:B
may be required. 5.3.1 Cylindrical TFE-fluorocarbon Blockstwo for each

5.1.1 Flask Requirements.000-mL wide mouth. Tall form st specimen. Each block shall be 12.7-mm (0.5 in.) in
or Erlenmeyer flasks can be used. The mouth of the flask sheffiameter and 12.7-mm high, with perpendicular grooves
have a diameter of about 40 mm (1.6 in.) to allow passage of-8-mm (0.063 in.) wide and 1.6-mm deep cut in the top of
the test specimen and the support. each cylinder for retention of the O-ring or rubber bands.

5.1.2 Test Tube Requirementbie diameter of the test tube Blocks can be machined from bar or rod stock.
shall also be about 40 mm (1.6 in.) in diameter. If testing ©-3-2 Fluorinated Elastomers O-rings, or Rubber Bands

requires use of a condenser (described below), the test tuéoW sulfur (0.02 % max)), two for each test specimen.
length shall be about 300 mm (about 12 in.); otherwise, the Nore 6—It is good practice to use all O-rings or all rubber bands in a
length can be about 150 to 200 mm (about 6 in. to 8 in.).  given test program.
5.3.2.1 O-rings shall be 1.75 mm (0.070 in.) in cross
” The boldface numbers in parentheses refer to the list of references at the end §ﬁCtI0n; one rll_'lg Wlth an |n5|_de diameter of about 20 mm (0-8
this standard. in.) and one with an inside diameter of abtﬂmments
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5.1.4 Specimen Supports
5.1.4.1 One advantage of using test tubes is that specimen
pports are not required. However, placement of the specimen

Note 5—A TFE-fluorocarbon cradle may be substituted for glass.

5.1.4.3 The use of supports for Methods B and D crevice
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FIG. 1 Examples of Glass Cradles that Can Be Used to Support the Specimen

Rubber bands shall be one No. 12 (38-mm (1.5-in.) long) and 5.4.2 Fastenersone alloy UNS N10276 (or similarly resis-
one No. 14 (51-mm (2-in.) long). tant alloy) fastener is required for each assembly. Each
assembly comprises a threaded bolt and nut plus two washers.

Note 7—Rubber bands or O-rings can be boiled in water prior to us .
to ensure the removal of water-soluble ingredients that might affe((:atThe bolt length shall be sized to allow passage through the

corrosion. mouth of the glassware described in 5.1.

5.4 Crevice Formers—Method:D 5.5 Tools and Instruments

: . - 5.5.1 A 6.35-mm ¥-in.) torque limiting nut driver is

5.4.1 A Multiple Crevice Assembly (MCAFonsisting of . . .
two TFE-fluorocarbon segmented washers, each having [aequwed for assembly'of the Method D crevice test specimen.
5.5.2 Low Power Microscope(for example, 2& magnifi-

number of grooves and plateaus, shall be used. The CreViCceation) for pit detection
design shown in Fig. 2 is one of a number of variations of the 5.5.3 Needle Point Dial Depth Indicator or Focusing Mi-

?Vlgﬁgltﬁeg revice assembly that is in use and Commerc'a"ycroscope to determine the depth of pitting or crevice corro-

sion, or both.
5.5.4 Electronic Balance(optional), to determine specimen

s ) .._mass to the nearest 0.0001 g.
The sole source of supply of the apparatus known to the committee at this time

is Metal Samples Co., Inc., P.O. Box 8, Route 1 Box 152, Munford, AL 36268. If 0-9-5 Camera (optional), to photographically record the

you are aware of alternative suppliers, please provide this information to AsTMmode and extent of any localized corrosion.
Headquarters. Your comments will receive careful consideration at a meeting of the

responsible technical committéayhich you may attend. 6. Ferric Chloride Test Solution

6.1 For Methods A and B, dissolve 100 g of reagent grade

> ferric chloride, FeCJ-6H,0, in 900 mL of Type IV reagent
water (Specification D 1193) (about 6 % Fg8{ mass). Filter

through glass wool or filter paper to remove insoluble particles

8 if present.
£ 6.2 For Methods C and D, dissolve 68.72 g of reagent grade
= ferric chloride, FeCJ-6H,0 in 600 mL of reagent water and
add 16 mL of reagent grade concentrated (36.5-38.0 %)
hydrochloric acid (HCI). This will produce a solution contain-
o ing about 6 % FeCl by mass and 1 % HCI resulting in a pH
controlled environment over the test temperatu8s
Eiiﬁ':;.: 7 o Crevice Washer Dimensions } 7. Test Specimens
e P L Thickness. e 7.1 A test specimen 25 by 50 mm (1 by 2 in.) is recom-
| yp! mm in mm in mm in Slots A . .
AT 673 | o268 B9 0625 | 254 0.100 12 mended as a standard size, although various shapes and sizes
8 [ en | oz | 158 . oes 634 | 0250 12 can be tested by this method. All specimens in a test series
. G | 9% @ o3 159 | 0825 634 | 0250 | 12 should have the same dimensions when comparisons are to be
FIG. 2 TFE-fluorocarbon Crevice Washers made. Unless end-grain pitting is an meints
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