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FISH BONING INVESTIGATION



Fish-boning does not affect coating 
performance, 
WHY conduct a study on it?



Because of the

ASCS
Asymptomatic Soup Can Syndrome



If we were in a courtroom and I were a 
lawyer: 

I would say that over the next 30 
minutes, we are going to demonstrate 
that main suspect in the fish-boning 
case is innocent.
Differences in steel composition were 
not the cause of the "fish-boning" 
phenomenon in the three cases 
presented in this study.



Summer 2024
Quebec City plant manager called me: 

“Hi Eric, … in the last few months we have had 
problems with some tubes of a customer. We have 
tried various things, but the problem persists.

We believe this is because of the 
steel quality this customer is 
using.

Could you help us with this? ”



The problem with Problems
its that they never come alone!



Few days later
Montreal plant manager sent an e-mail: 

“Hi Eric,  we’re doing a Duplex system AESS job 
for an architectural project with the Metropolitan 
transportation agency.

There is fish-boning on all the tubes. 
The inspection firm rejected them all. 

Could you help us with this? ”



August 2024
Hamilton plant: Text Message 
“Fish-boning on corrugated plates”



Our Fish-boning project has been conducted as a
 Six-Sigma project: DMAIC (Define, Measure, Analyze, Improve, Control)
Tools: C&E Matrix, DOE, Fish Bone Analysis 

When you know all the 
variables of an equation 
as well as their 
interactions, then you can 
predict the result.

Y = f(X)+ε



The project:
Objectives:

Investigate the factors involved in the formation of fish boning 
from the steel source to the end of the galvanizing process 
and establish the optimal parameters to prevent future cases 
of fish-boning.

Project leader:
Éric Michaud, Technical director

Resources:
Internal resources: Plant galvanizers,Plant manager, General manager

External resources: AGA, GA, LDV, Montreal University Polytechnique lab, Clients, and other relevant 
resources



Literature review

Source: AGA web site

The scientific literature 
addressing the phenomenon 
of fish-boning is not 
extensive.
Only a few documents 
discuss it.

AI
What causes fish-
boning in hot-dip 
galvanizing?

Fish-boning in hot-dip 
galvanizing is generally 
associated with an 
uneven galvanizing 
reaction, often 
caused by the 
chemical 
composition of the 
steel and/or the 
preparation and 
dipping conditions.



The consensus in the 
industry seems to be 
that: 

The phenomenon is generally 
observed on large diameter 
tubes and is thought to be 
caused by differences in 
steel composition.



The Fish-Bone Failure Analysis 
Review of literature and engineering regarding fluid flow.

The suspected factors:
- Steel composition
- Surface finish
- Geometry of the parts
- Extraction angle
- Extraction rate
- Thermal gradiant



The Montreal fish-boning case

An Architectural project for a train station.

As per AESS guide, tubes have been 
sandblasted (SPC-SP6) prior to galvanizing.



The Montreal fish-boning case The engineers in charge 
of the project believed 
they were doing the 
right thing by 
recommending 
sandblasting of the 
surfaces prior to 
galvanizing.

However, it was 
actually this 
sandblasting that 
caused the fish-
boning problem to 
appear.



Evolution of our understanding of 
the fish-boning problem 
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Montreal case: Sandblasting has been identified as a factor 
promoting fish-boning.
Similar tubes non sanblasted have been galvanized succesfully.

A note should be added to AESS guide to address the risk of fish-boning on some 
particular parts.

Quebec and Hamilton cases: The parts from Quebec and 
Hamilton were not sandblasted, but signs of fish-boning still 
appeared during galvanizing.
Other parameters and variables therefore also contribute 
to the occurrence of fish-boning.



Quebec fish-
boning case:

• Twelve days of tests in 2 plants
(From 2024 to 2026)

• More than 100 dips
• 12 hours of video

Hamilton fish-boning case is similar to 
Quebec’s one.



We had a meeting with 
the customer

“Mr. Customer, fish-
boning doesn’t affect the 
coating performance. Tubes 
should be accepted; we have 
documents to support this.”

The customer – “You 
galvanize a lot of these tubes 
for us. Most of them have 
uniform coating only few of 
them have the fish-boning 
problem. How come?”

“There must be some 
uncontrolled 
parameters in your 
process?”

“The final user do not 
want to have tubes with 
fish-boning in its project.” 



What are the variation in the galvanizing 
process?

• Operators: Day shift versus Evening and Night shifts
• Pickling time
• Zinc stripping
• Acid concentration
• Flux, pH, concentration
• Kettle temperature
• Time in the kettle
• Extraction rate
• Alloys Y=f(X) 



How we found the variation in 
our process?
We conducted a survey with kettle operators

Kettle extraction rate:

61 to 258 cm/min

depending on the opreator



How we found the variation in our 
process?
We looked at the extraction speed of the monorail crains
(2 sets) used at the kettle.

FE5 and FE6 after calibrationFE5 and FE6 before calibration



Quebec fish-boning case: 
Variables and constants

Variables studied
• Extraction speed 18 to 150 cm/minutes ( 7 to 59 in/min)
• Tube angle: 2° to 90 °
• Enclosure doors opening
• Level of agitation: Movement versus Still during cooking
• Cooking (dwell) time 4 to 8 minutes
• Effect of zinc stripping (delay between stripping and re-

galvanizing)

Fixed parameters
• Kettle temperature: Constant 443°C ±1°C (829 °F)
• Alloys: Constant (Bi, Ni, Al, SGH Zn) Pb less than 0,0030%



Quebec fish-boning case:  Material

- Purchase of two 40’ long by 13” diameter tubes
- One cut in 10 feet sections
- One kept as is for tests representing real conditions

- The customer also provided similar tubes for the 
experimentations

0,060 % 0,810 % 0,017 % 0,008 %

Steel composition validated 
by lab analysis



Quebec fish-boning case:  
Documentation and test preparation
Test #1

Planning the test matrix: 3 variables, 2 levels 
23= 8 combinations

Variable Level 1 Level 2
Cooking time 4 min 8 min
Extraction speed 30 cm/min 150 cm/min
Zinc stripped in 
HCl

Galv (No strip) Stripped and 
regalvanized

Racking angle constant 20 ± 2°



Documentation

Angle measurement



Quebec fish-boning case:  Observations



Quebec fish-boning case:  Observations

Similarities in the liquid flow pattern 
observed on the tube as it exits the flux 
tank and the galvanizing kettle.

After flux tank

After kettle

It suggest that the fish-boning 
problem could be attributed to a 
disruption in the zinc flow rather than 
to differences in steel composition.



Kettle extraction rate
On the initial 
galvanization of tubes, 
kettle extraction rate 
from 60 to 150 cm/min 
(24 to 60 inches/min) is 
not an issue.

No fish-boning is 
observer when using 
these parameters.

Tube galvanized after zinc 
striping

Extraction rate 60 cm/min
Fish-boning runs

Extraction rate 
18 cm/min
No Fish-
boning

Once a tube has been stripped, the kettle 
extraction rate should be as low as possible. 
Best results were acheived with a rate in 
the range of 18 to 30 cm/min
(7 to 11 inches/min)



Kettle extraction rate

Slow extraction rates mean longer time in the kettle. 
Not to worry! 
These tubes are mostly made of aluminum killed steel. The reaction 
of low silicon steel with zinc in the kettle doesn’t generate thick or 
brittle coating even after a long dwell time in the kettle.

Extraction rate
30 cm/min
No Fish-boning runs

Extraction rate 
43 cm/min
Fish-boning 
runs

y = -0.0932x2 + 4.6202x + 52.165
R² = 0.939

y = 24.345x + 27.832
R² = 0.9957
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Agitation in kettle

Based on observations, fish-boning resembles a gel on the 
tube surface. Gentle agitation during dwell time helps to wash 
this gel away. It seems to glide along the tube wall (see picture 
above).



Quebec fish-boning case:  Observations

If the fish-boning problem was linked to the 
steel's metallurgy, it would likely manifest as 
early as the first galvanizing process.
However, it only appears after zinc striping, and 
certain methods can prevent its occurrence.

1st 
Galvanizing

No
Fish-boning

1st 
Zinc Strip

2nd 
Galvanizing

Fish-boning
Princeville 
Sept. 3th

2026

2nd 
Zinc Strip

3rd Galvanizing using 
Anti-Fish-Boning 
Technique (AFBT TM)

No
Fish-boning
Princeville 
Sept. 9th 2026

3nd 
Galvanizing

Fish-boning

48h



A few dips in action



Fish-boning: 
Is it caused by differences in steel 
composition or is it caused by a disturbance 
of the fluid flow induce by the zinc striping 
process?
Could the disturbance be amplified by the 
shape and size of the object?



Does zinc striping 
change steel 
surface like 
sandblanting
does?

No!



Evolution of our understanding of the fish-boning problem 
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Montreal 
case:

2025-03

Quebec and Hamilton cases:

Fish-boning appears only after zinc stripping. It mostly apears on tubular shapes but can 
also been seen on large structures. 

Depending on the kettel extraction rate, fish-boning can appears or diseappear on the 
same tube.

The Fish-boning pattern and the flux runoffs follow the same pattern on the tube.

Once stripped, the tubes galvanized without fish-boning can develop fish-boning when 
galvanized a second time. And then once stripped a 2nd time and galvanized a 3rd time, 
this time without fish-boning (Quebec and Princeville cases)

A 48 hours break between zinc strip and re-galvanizing is a key factor to avoid fish-boning 
formation.

Up and down agitation in the kettle helps reduce fish-boning.



Parameters to avoid fish-boning 
on zinc stripped large parts

• 48 hours break after zinc stripping before regalvanizing.
• Angle during kettle extraction is important (Racking the 

part with a low angle allows a larger amplitude during 
agitation.) Then the angle is created with the crain.

• Up and down agitation during cooking

• Kettle extraction rate 18 to 30 cm/minute

• Cooking time 4-8 minutes

Y = f(X)+ε



It works…
But we don’t know WHY and HOW it 
works!

May 
2025

Why does the 48h break after 
zinc strip helps?



EGGA
June 2026

 Istanbul, Türkiye

A possible explanation 
emerged during a
discussion with French 
galvanizers in  Istanbul at the 
EGGA conference

June 
2026



The fish-boning problem is likely 
caused by hydrogen absorbed 
during pickling that is RELEASED 
from the steel during galvanizing.

2HCl(aq) + Zn(s)       H2(g) + ZnCl2(aq) 



Steel pickling compared to zinc stripping
2HCl(aq) + Zn(s)       H2(g) + ZnCl2(aq)  

Pickling Zinc Striping

[Video File] Unavailable in PDF form



This is the reason why adding 
a 48h delay between zinc 
stripping and regalvanizing 
helps avoid fish-boning 
formation. 

H2 desorption occures over time.



As seen on the video, Zn stripping generates 
much more H2(g) than the usual steel pickling 
process.

The hypothesis is that hydrogen gas 
generated during stripping is absorbed
by steel and release while in the kettle. 

The presence of this gas at the steel to liquid zinc 
interface modifies the flow properties of liquid zinc 
and contribute to the fish-boning appearance.

H2

Steel
Zinc



Considering absorbed hydrogen is 
released during galvanizing, then  
some traces of it should be found 
in the zinc coating? 

Like the mosquito 
trapped in amber in 

Jurassic Park movie.



Fortunately, during the experimentation, a 
sample of viscous zinc flowing along a 
tube was collected.

The presence of bubbles in the 
sample indicates the possible 
presence of gas in the molten zinc at 
the time of its solidification. 
Which reinforces the 
hypothesis of H2 desorption in 
the kettle is modifying the flow 
of liquid zinc on the galvanized 
part and is responsible of fish-
boning on tubes.



Validation of H2 hypothesis on a second tube : 
Septembre 2026
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What’s
next

Based on observations made during this 
work, the following could be considered:

• In cases studied steel composition was not 
the reason for having fish-boning on HDG 
parts. 

• Updating the AESS guide.
• Publication of a new issue of Dr. Galv on 

fish-boning.
• Explore ways to release absorbed hydrogen 

faster.



Éric Michaud
Technical Director

emichaud@corbec.com

Questions?
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