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AGA American Galvanizers Association
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CSA Group

178 Rexdale Blvd

Toronto, ON M9W 1R3 5N6
Dear CSA G164 Specification Committee;
Previously, CSA G164 Hot dip galvanizing of irregularly shaped articles, remained unrevised since 1992, and was not regularly updated to reflect known changes in the industry, inspection techniques, and steel manufacturing. Upon review of CSA G164 in 2018, the specification was revised without the knowledge or involvement of any representative from the galvanizing industry that could provide a detailed knowledge of the batch hot-dip galvanizing process, current industry research, available methods to improve coating quality, and applicable test methods to ensure coating quality. Additionally, the compositions of steel in the marketplace today have been evolving over time. Current research shows these changes in steel chemistry have affected minimum average coating thickness values that can be achieved for various material categories. 
As a result, the CSA G164 specification includes unachievable coating thickness requirements and unreasonable/inapplicable quality control methods in relation to the batch hot-dip galvanizing process. In order to outline reasonable expectations regarding hot-dip galvanized coatings, galvanizers take exception to the following paragraphs within the CSA G164-18 revision:
Paragraph 4.3 Ungalvanized Areas
Areas uncoated after galvanizing that are 25 mm or less at any location along its narrowest dimension but not exceeding 0.5% of the accessible surface area to be coated shall be repaired by the galvanizers in accordance with ASTM A780. Once the parts have left the galvanizing facility there shall be no limit on the size of area subject to repair.
Paragraph 5.2 Coating Thickness Requirements
No individual coating thickness measurement, or cluster of measurements at the same general location, on a test specimen shall be cause for rejection provided that when those measurements are averaged with the other dispersed measurements (to determine the specimen coating thickness grade for that specimen), the minimum average coating thickness requirements are met. For any multi-specimen test article, average coating thickness for any specimen shall not be less than 90% of the required minimum thickness of coating for the class of material being tested.
Paragraph 7.1 Samples for Analysis of Bath Composition

Long-term studies of galvanizing plant bath chemistry show zinc purity of the galvanizing bath is stable (see attached “Zinc Bath Sampling”). It is unnecessary and cost prohibitive to perform additional testing by customer request to confirm bulk bath chemistry is at least 98.0% zinc by mass. Furthermore, obtaining 2 and 3 samples in kettles longer than 5 meters is not needed to demonstrate zinc purity. Only one representative sample is required.
Paragraph 7.2.2 Testing of Galvanized Products

The use of a range plan when sampling for minimum average coating thickness according to CSA C83 Annex B does not allow for reasonable evaluation of coating thickness for articles of reactive steel chemistry that exceed minimum coating thickness requirements but are otherwise acceptable (and do not interfere with the intended use of the article). 

Paragraph 7.2.2.3 Measurements
At least five (5) widely separated readings per specimen shall be taken near each end and in the middle of the piece being examined. The hot-dip galvanized coating is well known to present irregularities and variations, and widely separated readings provide a more accurate representation of the specimen’s average coating thickness. Coating thickness measurements should exclude any area of the surface which has been subject to processes (such as flame cutting, machining, threading, etc.) that can be expected to result in surface conditions not representative of the general surface condition of the article.
Paragraph 7.5 Tests for Base Metal Embrittlement

Where there is concern regarding embrittlement of the base metal, refer to the practices and test methods within ASTM A143.
Paragraph 8 Finish

The galvanized coating must be free from uncoated areas, blisters, flux deposits, gross dross inclusions, and globules of zinc that interfere with the intended use of the material. Gross dross inclusions are rejectable because they reveal a bare spot when knocked off the coating. Smaller dross inclusions (i.e. dross pimples) are only rejectable if they interfere with the intended use of the product (e.g. handrail, painting after hot-dip galvanizing).
Table 1 Thickness of Zinc Coating for Various Classes of Material

The evolving steel composition for plate and tubing material (especially aluminum-killed steel) has resulted in an inability to meet the minimum average coating thickness requirements listed in Table 1 Class 2 for strip/bar, plate, and pipe/tubing materials (see attached “Silicon vs Coating Thickness”). Furthermore, centrifuged plates, angles, brackets, and other are unlikely to meet the minimum coating thickness requirements in Table 1 Class 2 because the centrifuging process significantly reduces the thickness of the eta layer. Refer to the values listed in Revised Table 1 based on current research that reflects realistic minimum average coating thicknesses values that can be achieved under each category and/or steel thickness. 
Revised Table 1: Minimum Average Coating Thickness for Hot-dip Galvanized Articles

	Classification of Material
	Minimum Average Coating Thickness (μm)

	1
	Castings iron and steel
	85

	2
	Rolled, drawn, pressed, or forged articles (except Classifications 3 & 4) - NON-CENTRIFUGED
	Measured Steel Thickness (mm)

	
	
	<1.6
	>1.6 to <3.2
	>3.2 to <4.8
	>4.8 to <6.4
	>6.4 to <16
	>16

	
	Structural Shapes
	45
	65
	75
	75
	100
	100

	
	Strip and Bar
	45
	65
	75
	75
	75
	100

	
	Plate
	45
	65
	75
	75
	75
	100

	
	Pipe & Tubing
	45
	45
	75
	75
	75
	75

	
	Wire
	35
	50
	60
	65
	80
	80

	
	Reinforcing Bar
	--
	--
	--
	--
	100
	100

	3
	Screws, bolts, nuts, rivets, nails, and similar fasteners < 12.7 mm thick  & Washers < 6.4 mm thick
	42

	4
	Bolts, nuts, and threaded fasteners > 12 mm thick  & Washers > 6.4 mm thick
	65

	5
	Rolled, drawn, pressed, or forged articles (except Classifications 3 & 4)  - CENTRIFUGED
	Measured Steel Thickness and Length (mm)

	
	
	> 5 thick,

> 380 length
	< 5 thick,

> 380 length
	Any thickness,

< 380 length

	
	
	85
	65
	55


Dr. Thomas J. Langill

Technical Director
American Galvanizers Association

technical@galvanizeit.org
720-361-4486
© American Galvanizers Association.  The information provided herein has been developed to provide accurate and authoritative information about after-fabrication hot-dip galvanized steel.  This material provides general information only and is not intended as a substitute for competent professional examination and verification as to suitability and applicability.  The information provided herein is not intended as a representation or warranty on the part of the AGA.  Anyone making use of this information assumes all liability arising from such use.

Zinc Bath Sampling
Section 7.1.1 of G164-18 gives amount of sample requirement for zinc analysis. Number of samples increase with the length of the kettle. Experience in galvanizing plants shows that variation of zinc concentration doesn’t change a lot and is very stable over time. 

Figures 1 and 2 shows zinc concentration variation in 3 different plans equipped with 15+m kettles over a period of one year. Even if only one sample per week is taken on theses kettle, standard deviation of 0.008% on an average of 99.8% zinc concentration is well above the minimum requirement of G164-18. The Z(sigma) value for this process is 233 (see Figure 4). 
Figure 1 – Zinc concentration in 3 different kettle over one year period
[image: image2.emf]
Figure 2 – Close up on Figure 1
[image: image3.emf]
Figure 3 – Zinc concentration in one plant over 5 years period
[image: image4.emf]
Figure 4 – Capability analysis for zinc concentration compared 
to G164-18 minimum requirement
[image: image5.emf]
A “sigma” value of 6 is known to represent less than 3 defaults per millions of operations. Figure 3 shows zinc concentration in one plant using a 15m kettle over a period of 5 years. The lowest value observed during this period is 99.77%. This value is well over the G164-18 requirement of 98%.
Recommendation
According to above information, requirement of taking 2 and 3 samples in kettles longer than 5 meters as express in 7.1.1 section is not needed. Only one representative sample should be specified no matter what the kettle size is.

Silicon Vs. Coating Thickness
Generally speaking, there are two main steel production process, one using silicon to reduce the steel oxygen content and the second one using aluminum (aluminum killed steel as in G164-18 section 3. It important to know that aluminum killed steel and silicone killed steel reacts differently in hot dip galvanizing process (Figure 1).
Figure 1 - Zinc coating thickness in function of silicone content
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It is well known, and recognized worldwide that physical proprieties of aluminum killed steel don’t allow the development of zinc coatings much higher than 80 µm as seen in the chart below (Figure 2). 
Figure 2 – Silicon (%) vs. Thickness (in)
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Aluminum kill steel is mainly used for HSS tubes, formable objects and plates. On the other hand, silicone killed steel will easily develop zinc coatings in a range well above 100 µm. Silicone killed steel is used for structural shape such as beams, angles, strips, bars and plates. Plates available on the market can be produced by the aluminum or by the silicon killing process. 
For example, two plates of the same thickness galvanized together will not have the same zinc coating thickness depending of their fabrication process. Zinc coating thickness varies in function of the steel fabrication process not in function of the steel thickness. The steel coming from the aluminum process will have a much thinner coating than the steel coming from the silicone process. According to this, any table giving zinc thickness requirement mainly based on thickness of parts to be galvanized without taking in consideration the physicochemical proprieties of the base metal doesn’t reflect the reality of the industry of hot dip galvanizing.
Requirement for zinc coatings of 100 µm on >6.35mm plates as described in G164-18 table 1 is not realistic for aluminum killed plates. 
Requirement for zinc coating of 85 µm on >4.8mm on HSS tubes and plates as described in G164-18 Table 1 is also not realistic for aluminum killed steel.
Aluminum killed steel process is known for giving average coating thickness of 70µm +- 5 µm. ASTM A123 requirement for plates below 16mm is 75µm.
In the case of silicone killed steel, having a requirement of 100 µm make sense because the usual coating thickness for this steel family is 120 µm or more. 
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