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This report is focused on identifying and selecting the appropriate material and manufacturing process for 
sink rolls within the steel industry, specifically the zinc galvanizing process. It is fundamental to consider 
several key factors when undertaking this selection. These not only include the material and 
manufacturing process as stated prior, but other factors such as, cost implications to the industry, quality 
assurance of the finished product, Health and Safety elements, as well as many others. An ever-increasing 
market for zinc coated steel has resulted in steel manufacturer requirements to reduce factors which could 
negatively impact their production capacity. Of the many possible influences is the corrosion resistance 
of the pot hardware within the process. Due to the aggressive conditions in which the hardware is 
situated, the current life cycle of the hardware is short lived, with regular unplanned maintenance 
required to change sink rolls, as well as other components. This has an adverse impact on production 
capacity and quality of the manufactured product.






[bookmark: _Toc531294798]Galvanizing Process

Due to the continued rise of galvanized steel produced within the steel manufacturing industry, and 
Technavio market research reporting a forecasted growth of 5% between 2018-2020 (Technavio, 2018), 
manufacturers are continuously striving for process improvements to allow them to be competitive in an 
increasingly demanding market. This is never more apparent than in the steel galvanizing process.
The process of ‘hot dip’ galvanizing is to fully submerse the steel in a molten zinc bath. This 
creates thin zinc-iron coated layers, providing a tough and abrasive resistant coating to the steel. Intimate 
metallurgical bond is formed between the steel and molten zinc by the process of diffusion. The bond 
created is an intermetallic compound known as an alloy layer. This protects the steel substrate from 
oxidation, increasing the longevity of the base material.
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(Yi-Lin, 2011)
[bookmark: _Toc531294799]Hardware

One area in in which steel manufacturers are continually trying to improve is increased life cycles of the 
hardware used in the process. Typically, the galvanizing process will experience a down time of every 
two weeks to change the metallic hardware submerged in the zinc bath. This exercise is costly, and time 
consuming, taking up to 3 days to resume to normal production capacity (Liu, 2006).
Not only does this impact on the production capacity of the steel manufacturer, but adversely impacts the 
product quality. As well as the normal wear anticipated with the process, the widely preferred Cobalt and 
iron super-alloy hardware’s suffers corrosion, reacting with the galvanizing bath, resulting in the 
abrasive products creating excess debris (dross). With the Corrosion and wear experienced on the 
hardware used in the galvanizing process, this causes increased strip vibration within the coating process 
affecting the quality of the final product (K Zhang, February 2002).
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(Neghab, 2015)


Sink Rolls are part of the galvanizing assembly which are fully submersed in the molten zinc bath. They 
guide the sheet steel through the bath of molten zinc.
As a result of this, the sink roll must be manufactured to withstand the corrosive nature of the molten 
zinc alloy, along with a constant environment of high temperature, typically between 450 - 470 ºC. With 
the conditions in which the hardware will be situated in, the material selection to manufacture the 
component is a key factor.
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With increased impact of the hardware corrosion and wear on the finished product, the selection of the 
material used to manufacture the hardware is vital to ensure reduced effect on the process, and limit the 
quality issues on the finished product. Within this report the focus is on two main material types Stainless 
Steel 316L and Wallex® 180 (Co-Cr-Mo) 
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Stainless Steel 316L (Medium Carbon Steel) is widely used within the industry due to its resistance to the 
molten zinc within the bath, along with its mechanical properties, as well as the low cost of iron at 
$0.065/Kg as of July 2018, (DailyMetalPrice, 2018), and widespread availability (Khang, 2007). The 
temperature experienced within the zinc bath will vary depending on the specification of the steel being 
produced, however, with temperatures typically ranging between 450 to 470ºC, the specific heat capacity 
of 440 – 520 ºC for medium carbon steels such as 316L, ensure the material will withstand the harsh 
environment within the process. A negative of the use of this material stated by (Khang, 2007) is that 
questions still surround the use of stainless steel 316L within the continuous hot dip process. With the 
continuous movement and rotation of the hardware within the zinc bath, providing a difference in dross 
build up, this will impact on the quality of the finished product produced (K Zhang, February 2002).
However, in recent years, steel manufacturers have spent much time researching new zinc coatings, with 
increased levels of aluminium and magnesium to help achieve a more corrosion resistant coating
(Bright, 2013). These developments within the industry may result in a negative impact and reduction in 
the use of 316L hardware in the galvanizing process, as (Daniel Y.H, 2009) demonstrates that stainless 
steels corrode rapidly in molten zinc with very low levels of aluminium present (>0.01%).
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Wallex® 180 is a Cobalt-Chromium-Molybdenum (Co-Cr-Mo) based alloy. Cobalt based alloys have 
become more widespread within the steel galvanizing industry, due to their increased levels of 
corrosion and wear resistance in comparison to the more commonly used stainless steel. Molybdenum, a 
refractory metal with a BCC lattice structure, increases the corrosion resistance within the alloy, plus 
solid solution strengthening and improved toughness. The corrosion resistance characteristics are due to 
the enhanced tribological aspects, helping to minimize the wear between metallic moving components.
Molybdenum increases the grain refinement during the cooling process. With the increased use of 
cobalt-based alloys for pot hardware, and manufacturers aiming for a high concentration of 
aluminium within the molten zinc, studies have found (Tang N.Y, 2007) that the affinity of cobalt in the
alloys towards the aluminium in the molten bath is the trigger for the damage accumulation process
(build-up of dross). CoAl particles nucleated and grew on the hardware after initially being placed in 
the bath. 
(Zhang.K, 2004) supports the argument that the bond between cobalt and aluminium (CoAl) forms 
particles which will reside on the hardware. However, the evidence from the report findings suggest that 
this is only apparent on Cobalt alloys containing 0% Molybdenum. The presence of Molybdenum in the 
alloy negatively affects the diffusivity of Co atoms in the alloy, therefore stopping the CoAl particles 
from forming, thus reducing the probability of an increased amount of debris which could negatively
impact on the hardware.
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This report focuses on two main manufacturing processes for the zinc roll, the Investment (Lost Wax) process and the Sand-Casting process.
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In the investment casting process, wax patterns are created by injecting molten wax into a tooling cavity 
to create a wax impression. These patterns are then assembled onto a tree with feeding systems. The type 
of tree can vary depending on the geometry and cast weight of the finished part. Once the wax pattern (s) 
have been assembled onto the tree, the tree is dipped into an initial (prime) slurry and coated using a 
fine sand. This ensures a smooth surface finish to the components. After the initial coat has been applied, 
the tree is then dipped into a refractory slurry before a refractory stucco is applied. This ‘shelling’ process 
is repeated several times to give the ceramic investment mould its strength. Although the process of 
‘shelling’ sounds a simple process, there are many factors that could influence its effectiveness. Regular 
testing of the slurry must be carried out to maintain full control of the slurry parameters. The testing 
methods used to monitor the slurry, can include viscosity, pH and slurry specific density. For instance, 
failure to conduct pH testing could result in the slurry becoming gelatinous due to an imbalance in the 
mix; additionally, a less viscous slurry will result in a thicker coat being applied, increasing the strength 
of the shell. However, this will result in less air flow through the mould impacting mould permeability. 
This may result in issues during de-waxing or the mould pre-heat phase.  The mould is then placed in an 
auto-clave (pressure heated chamber) to melt the wax out. Once the wax has been removed, the moulds 
will be pre heated in an oven prior to casting. This is an important process to avoid casting issues such as 
thermal shock. The mould is then filled with the chosen metal leaving the shape of the finished casting. 
The tree is then shaken to remove the ceramic, before the part is cut off from the tree. (Groover, 2013)
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(nptel.ac.in, n.d.)


This is can allow components to be manufactured near to final net shape, reducing the machining time of 
#the parts (if required). However, it has its limitations. With increasing demands within the steel industry 
(Technavio, 2018), yield of manufacture is a key component when selecting the correct route of 
mould, therefore this would limit the quantity of components per mould. The poor yield of parts would 
undoubtedly increase the overall cost of 
manufacture. One main topic area which impacts the cost, plus overall lead time of the process, is 
the manufacturing of the tooling to create the wax pattern. This does not only increase the initial lead time 
quoted to the customer, but reduces the timescale to manufacture the components once tooling is received 
and production is able to begin. (Mazdiyasni, 1998) Found that 25% of the customer base surveyed stated 
reduction in the tooling requirement as a major objective. There has been much research into new 
manufacturing techniques to achieve a reduced lead time for wax impression tooling, with rapid 
prototyping, via 3D printing becoming a benchmark within the industry. These advancements can reduce 
the costs associated with single part or small quantity production, with significant costs and savings on 
lead times (Lee C.W, 2003).
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There are two different forms of sand casting, Green sand casting (manual or automated) and CO2 / 
Silicate sand casting. The green sand-casting method is the focus of this report.
In the green sand-casting method, a combination of sand and clay is compacted into a split mould around 
a pattern which has the shape of the finished product. This pattern can be manufactured using materials 
such as wood or aluminum.
This pattern is then removed to leave a cavity within the sand for the metal to be cast into. With the 
manual process, typically wooden patterns are used with gates (feeder systems) and risers.
As opposed to the investment casting process, sand casting is a low-cost process in terms of tooling and 
equipment costs; however, the manual sand-casting process is highly labour intensive. 
The use of the sand-casting process will allow for several patterns within one mould at a time. This will 
increase the yield of components in comparison with the investment route, with also a greater mass range 
per mould.  A negative of this process is the dimensional accuracy of the finished product, and reduced 
surface finish capabilities.
The use of 3D printing has also come into use within the sandcasting process, providing a means to 
fabricate sand moulds without the need of patterns and core boxes. Unlike the use of rapid prototyping 
benefit costs within the investment process, (Lenner. L, 2017) found that the costs of manufacturing sand 
moulds using 3D sand printing were over double the cost to that of a conventional manufactured sand 
mould. 
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With the increasing price of cobalt over the past few years (DailyMetalPrice, 2018), the use of cobalt 
based materials is becoming ever more expensive for the manufacturer to source the raw material, and 
increasingly costly for the customer to purchase. 

With this is mind one possible alternative could be to manufacture the sink roll using the commonly used
316L, however applying a coating of an alloy which would increase the corrosion resistance in the same 
manner as the cobalt based alloys. Chromium, like Molybdenum is a corrosion resistant alloy and is
used as an alternative or in tandem with Molybdenum.  One form of applying a coating to the 316L could 
be via High Velocity Oxygen Fuel (HVOF) coating. This is a thermal spraying coating method, known to 
increase corrosion resistance and wear. One commonly used spray coating is WC-Co-Cr. This is widely 
used not only due to the corrosion resistance of Chromium, but also the behavior of the Tungsten-Carbon 
(WC) grains within the cobalt based metallic binder phase.
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The stainless steel 316L and Wallex® 180 are both resistant to the corrosive nature of the molten zinc 
bath, when used to manufacture the sink rolls. With the manufacturers continually striving to manufacture 
zinc coatings with increased levels of aluminium, the evidence evaluated suggests the cobalt based 
Wallex® 180 will be more suitable. 316L would appear to be more suitable versus other stellite alloys, 
However, with the content of Molybdenum diffusing the cobalt/aluminium affinity, this would confirm 
the use of Wallex® 180 being appropriate for application. 
The route of manufacture would suggest the sink rolls to be manufactured via the sand-casting process. 
Although the investment casting route will allow a close to net shape final product, the restrictions with 
weight per mould and projected increase in demand within the industry over the next 5 years would 
suggest the sand-casting route to be the best suited method of manufacture.
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Co / Fe Price Comparison
Cobalt (USD/Kg)	
42005	42186	42370	42552	42736	42917	43101	43282	31	32	25	25	32	59	75	80	Iron (USD/Kg)	
42005	42186	42370	42552	42736	42917	43101	43282	7.0000000000000007E-2	6.5000000000000002E-2	0.04	0.05	0.08	0.06	7.0000000000000007E-2	6.5000000000000002E-2	USD/Kg
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