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2.1.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

ASTM A90/A90M Test Method for Weight (Mass) of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy
Coatings

ASTM A653/A653M Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-Coated (Galvannealed)
by the Hot-Dip Process

ASTM A754/A754M Test Meathod for (‘nafing Thickness l'\y X Day Eluorescence.

ASTM A879/A879M Specification for Steel Sheet, Zinc Coated by the Electrolytic Process for’Applications Requiring
Designation of the Coating Mass on Each Surface

ASTM A924/A924M General Requirements for Sheet Steel, Metallic Coated by Hot Dip Process
3. THE GALVANIZING PROCESS

Two generic procespes for metallic coated steels are currently used in thesautomotive industry: (1)) hot-dipped coating
and (2) electrolytic qoating. Coating line conditions can be adjusted to produce a variety of coating [masses and coating
compositions.

3.1 The Hot-Dip Process

The uncoated coil groduct is usually annealed in-line or in a separate furnace. The steel is then passed continuously
through a molten metal bath. Upon emergence from the bath; the molten metal coating mass is conttolled by air (or other
gas) knives or mechanical wipers before the coating solidifies. This produces the commonly used fwo-side zinc-coated
sheet.

3.2 The Electrodeposition Process
Electrolytic coating is done in a continuous.coeating process using cells in which the metals are electrodeposited on pre-

annealed steel. Coating mass is controtied by the electrodeposition rate in the plating cells. This pfoduct is available in
one or two side coated sheet.

4. THE GALVANIZED COATING

The galvanized cogting is<applied to the steel sheet prior to delivery to the fabricating plant. The coating remains
substantially intact through.subsequent forming, and painting operations. The coating provides both barrier and sacrificial
protection.

4.1 Composition of Coatings
411 Types of Coatings'

Types of commercially produced coatings include: (1) zinc, (2) zinc-iron (<20% iron) alloys, (3) aluminum-zinc silicon (55,
43, and 2 weight percent respectively) alloy, (4) zinc-aluminum (5% aluminum) alloy, and (5) zinc-nickel (<20% nickel)
alloy. Coatings (1) and (2) can be applied by either electroplating or hot-dip coating. Coatings (3) and (4) are applied by
hot-dip coating while coating (5) is applied by electroplating.

All coating compositions included in t his section are approximate values in mass percent.
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4.1.2 Zinc Coatings

Coatings that are considered essentially pure zinc coatings are typically referred to as hot-dip galvanized or
electrogalvanized. Hot-dip galvanized coatings may contain small amounts of aluminum, lead, and antimony which are
added to enhance coating properties. Electrogalvanized coatings are typically high-purity zinc and control only trace
amounts of other elements.

4.1.3 Alloy Coatings

The most common alloy coatings are zinc-iron alloys. They are used to enhance spot welding and certain aspects of
paintability. Zinc-iron coatings can be produced by the electroplating process in which zinc and iron are codeposited onto
the steel sheet surface—The-iron-content-of the r\nnfing is_controlled hy nr*IJincfmnnf of nlnr‘frnlyfir\ solution and p|at|ng

current.

When processed on| a hot-dip coating line, the zinc-iron coating is called Galvannealed and-is prodyced using a thermal
process after hot dipping. This process promotes diffusion of iron from the steel base into’'the cogpting which typically
contains an average|of 8 to 12% iron.

Aluminum-zinc-silicdn and zinc-aluminum hot-dip alloyed coatings are produced by conventignal hot-dip coating
processes. The molten coating bath contains approximately the same composition‘as the coating on the steel.

Zinc-nickel (<20% nickel) alloy electroplated coatings are produced by~ conventional electroplating techniques. The
plating electrolyte cgntains zinc and nickel ions that are codeposited as an alloy mixture.

4.2 Coating Mass

This document addrgsses the needs of automotive engineering by identifying the coating masses mogt commonly used in
component design and by expressing the coating mass measurements as a minimum and maximum single-spot test for a
given side. For example, 70 g/m2 is the minimum coating-mass on a single-spot test for the desigrated side of coating
Category 70. The maximum coating mass for this Category is 100 g/m2 for hot-dip galvanized proglucts, or 90 g/m2 for
electroplated produgts.

This definition of copting mass represents a departure from the practice described in ASTM methads A653/A653M for
hot-dipped galvanizgd steel sheet, and ASTM method A879/A879M, except for Table 1, for electrolytic zinc-coated steel
sheet. The ASTM |Standard Specifications have been the principal public standards prior to the¢ publication of this
document.

The thickness of the coating is,not*an acceptable practice for specifying the quantity of coating to pe deposited on the
base steel.

4.3 Coating Desighation

This document uses—a—rine-charactet dcbiyllatiun that—identifres—the buatillg Process; uuaﬁlly mass, and coating
composition of each side, and the intended use of the coated steel with regard to the surface appearance quality required,
i.e., exposed and unexposed. The terms “exposed” and “unexposed” are not related to corrosion requirements. The
coating designation shall be stated using the following procedure:

a. 1st and 2nd Character—represent the coating process where HD = hot dip galvanized, and EG = electrogalvanized

b. 3rd and 4th Character—The numbers shown in the “Coating Mass Category” column of Table 1 indicates the coating
mass of the unexposed side

c. 5th Character—Coating composition of the unexposed side where G = zinc coating, A = zinc-iron coating, N =
zinc-nickel coating, X = other than G, A, or N

d. 6th and 7th Character—The numbers shown in the “Coating Mass Category” column of Table 1 indicates the coating
mass of the other side (exposed side, if applicable)
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e.
iron coating, X =

f.

other than G, A, or N

9th Character—Intended use where E = exposed, U = unexposed, and Z = semi-exposed

TABLE 1 - RECOMMENDED COATING MASS
FOR GALVANIZED STEEL SHEET

8th Character—Coating composition of the other side (exposed side, if applicable) where G = zinc coating, A = zinc-

Coating Mass Per Side

Single Spot Test Coating Mass Per Side

Coating mass Per Side

Coating Hot Dipped and Single Spot Test Single Spot Test
Mass Electroplated Hot Dipped Electroplated

Catggory min g/m* max g/m°® max g/m-

ao 00 NA 00

40 20 50 30

30 30 60 45

40 40 70 55

45 45 75 60

80 50 80 70

85 55 85 75

g0 60 90 80

10 70 100 90

90 90 120 110

98 98 130 130

NOTE: [|For approximate conversion from mass to thickness, use:

Examples of the mo

EG70G70GE =70g
HD70G20AE =70 g

exposed side fo
HD90G90GU =90 g
HD45A45AU =45 g
EG30N30NE =30g
EG70G00XE =70 g

for an exposed 3

4.4 Coating Mass

microns = glm2 x0.14
mils = g/m” x 0.006

e commonly used galvanized ste€ls expressed in terms of Table 1 are:

m? minimum of zinc coating.er’ each side for an exposed application.

m? minimum of zinc coating’on the unexposed side and 20 g/m2 minimum of zin
an exposed application.

m* minimum of zine-coating on each side for an unexposed application.

m? minimum of zifni¢=iron coating on each side for an unexposed application.

m? minimum of.zific-nickel coating on each side for an exposed application.

m? minimum.of zinc coating on the unexposed side and no coating on the expo
pplication.

Deterfnination

C-iron coating on the

bed side (“one-side”)

The coating mass r

OiTements i 1 apte Tefertoany singie spottestper side:

There are several methods of determining coating mass. Modern galvanizing lines use X-ray fluorescence techniques
described in ASTM method A754/A754M to continuously monitor coating mass throughout the coil during the galvanizing
process. The referee method is the “weigh-strip-weigh” method as described in ASTM method A90/A90M except, coating
on each side must be measured separately.

4.4.1

Minimum Coating Mass

If the initial testing produces a value less than the minimum shown in Table 1, two additional test specimens shall be
taken from the same lift of blanks or cut lengths or coil, except that no portion of the retest specimen may be any closer
than 25 mm to the edge of the as-received steel. Both retests must conform to the minimum value of Table 1 for the
Coating Mass Category specified; otherwise, the lift of blanks or cut lengths or coil can be considered unacceptable.
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4.4.2 Maximum Coating Mass

If the initial testing produces a value more than the maximum shown in Table 1, three additional test specimens shall be
taken from the same lift of blanks or cut lengths or coil, except that no portion of the retest specimen may be any closer
than 25 mm to the edge of the as-received steel. The average of the three retest specimens must conform to the
maximum value of Table 1 for the Coating Mass Category specified, and no retest specimen may exceed the maximum in
Table 1 by more than 30%. Otherwise, the lift of blanks or cut lengths or coil can be considered unacceptable.

4.5 Coated Surface Finish and Conditions

The user of galvanized steel should specify either exposed (E), semi-exposed (Z), or unexposed (U), surface quality as

required (see 4.3). T
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454 Extra Smooth Spangle Free (Hot-Dipped Only)

This product is produced by temper rolling a spangle free coating. Product intended for “E,” Exposed application.

455

Phosphate-Treated

Hot-dipped and electrogalvanized sheets for automotive applications can be treated with either a crystaline-phosphate
coating, applied by spray or dipping, or an amorphous phosphate coating, applied by roll coating. The phosphate coating
is applied between 0.5 to 1.5 g/mz, followed by oiling. The treatment has been found to enhance the formability of
galvanized (chiefly zinc-iron alloy and electrogalvanized) sheet, and eliminates the need for draw die lubrication at the
press line.
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456 Chemically Treated

Chromium compound chemical treatments can be applied in-line on galvanizing lines to provide protection against wet
storage straining. However, these chemical treatments are not used for automotive applications since they adversely
affect automotive cleaning, phosphating, and painting processes.

4.5.7 Mill Oils

Special oil is applied by the manufacturing facility after the base metal is coated. The purpose of this oil is to provide
protection from oxidation staining during shipment to the buyer’s facility and for a reasonable storage period.

45.8 Prelubricated

Galvanized steel shlet can be processed with special lubricants that are applied by the steel mills-to
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Coated steels are susceptible to flaking and powdering during forming which can result in die-pickup. Additional die
cleaning and maintenance is usually required in stamping plants when forming galvanized steel parts as compared to
uncoated steel parts.

Pure zinc coatings are soft and malleable with good coating adhesion. The soft nature of the zinc coating relative to the
steel requires that more attention be paid to handling damage and scratches during forming operations. The zinc-alloy
coatings are harder and more brittle, making them more susceptible to flaking and powdering.

5.3.1 Bend Testing

Test specimens of coated sheet shall be capable of being bent through 180 degrees in any direction without flaking of the

coating on the outside bend only. The coating bend test inside diameter shall have a relation to the thickness of the
specimen as shown in ASTM method A653/A653M.
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5.3.2 Powdering and Flaking Tests
Alloy coated sheet products which tend to powder and/or flake, are evaluated by numerous test methods, therefore
customers should be contacted for their specific test method requirements and acceptance criteria. The more common
test methods used in the automotive industry are: (1) double reverse olsen cup adhesion test, (2) draw bead test, and (3)
60 and 90 degrees reverse bend test.

5.4 Base Metal Quality

Galvanized steel sheet is available in the chemical compositions and mechanical properties normally produced for
uncoated steel sheet. Base metal quality is dependent upon user requirements. This is normally expressed by a grade

designation with ref
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Corrosion is primarily an electrochemical phenomenon that degrades appearance and structural integrity. Physical
design, chemical, and mechanical factors are often involved in the corrosion process.

In galvanized steel sheet, zinc protects the base metal through two mechanisms. The first is its action as a simple barrier
which prevents contact to the base metal with the corrosive environment. The second is by acting as a sacrificial anode,
commonly referred to as “galvanic protection.” This mechanism serves to protect the base metal even if the zinc coating
is locally damaged. Some corrosion protection is even offered to the uncoated cut edge of galvanized sheet.

Unpainted galvanized sheet generally offers protection from corrosion of the base metal in direct proportion to the coating
weight. Painted galvanized sheet enhances protection compared to unpainted galvanized, but in varying degrees that are
dependent upon the metal preparation prior to painting, the type of organic coating, and the thickness of the organic
coating.
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