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Improved Life Expectancy & Operating Line Efficiency 
with Custom Made, Cast & Precision Machined 
Cobalt Wear-Resistant Alloy Bushings and Sleeves 

 
Used in Elevated Temperature Molten Zinc Bath Contaning Aluminium in Continuous 

Steel Strip Galvanizing Line (CGL) & Hot Dip Galvanizing (HDG) Process   

 
Galvanising of steel sheets is a known procedure used to enhance their corrosion resistance. In modern practice, this protection 

can me made with Zinc (Zn), Zinc-Aluminium (Zn-Al) and, more recently, from 55Al-Zn molten alloys. 

 

Process 

 

Zinc plating (galvanising) is a surface treatment technique for the steel products, which is implemented to extend service life of 

steel and to improve its properties. Continuous hot-dip galvanising devises an equipment with an objective of continuous 

production of galvanized steel sheet. Steel companies produce galvanized steel sheets using hot-dip galvanising method. 

Equipment involved in the continuous hot-dip galvanising are zinc plating bath and chemical hot treatment. Among these, zinc 

plating bath is composed of sink roll, stabilizer roll (stab roll) and correct roll. 

 

Galvanized steel sheet is produced by dipping a steel plate/sheet inside the zinc bath at around 50°C, making steel sheets pass 

through sink roll, stab roll and correct roll. While going through this series of process, zinc is coated (deposited) on the steel sheet 

during a specific duration for required deposition thickness in microns. In the zinc bath, sink roll, and stab roll, and correct roll are 

immersed and rotated, and sink roll is contacted with the general steel sheet first after steel sheet is dipped into zinc plating bath, 

resulting in largest load. Due to this loading, sink roll and bearings at both ends of the sink roll are also simultaneously rotated, 

imposing severe abrasion in the bearing parts, in a two-body abrasion wear system, resulting in frequently replaced bearing parts. 

Bearing parts at the sink roll is composed of bush and sleeve, and if bush and sleeve parts are frequently replaced due to wear 

during zinc plating, issues of low productivity, shutting down of processing line, quality impairment, and manufacturing cost is 

affected.  Bush for sink roll is rotated continuously in hot-dip galvanising bath at about 500°C, and hence is subjected to severe 

corrosion, wear-abrasion demanding frequent replacements. 

 

 

Current scenario 

 

Although the corrosion resistance of the coated sheets is enhanced, the molten alloys expose equipment to severe service 

conditions. It is plausible that bearing materials, in particular, like those used for bushing of sink rolls, which work immersed in the 

molten bath are exposed to the effects of temperature, molten bath reactivity, and galling type of abrasive wear (metal-to-metal 

contact). 

 

The galvanising industry has been working assiduously to extend the service life of pot hardware, in particular the bushing. Abrasive 

wear has been reported to be the major degradation mechanism involved and extensive research has been conducted globally to 

develop high wear abrasion resistant materials to combat severe wear-abrasion problem in such end applications. These are aimed 

at reducing maintenance operations and extend service life of the pot hardware, along with improving the quality of galvanized 

products. The ability to extend service life of bearings is a key factor for galvanizing industries and several patents that have been 

registered concerning performance of equipment of the hot-dip galvanizing pot. Some suggest a new project for the bearings, and 

other the use of different materials/ coatings -Weld deposits or PTA to fabricate the bearings, however their focus is mainly in 

traditional galvanizing baths. 
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Novel Materials 

 

To improve product quality and line operating efficiency, galvanizers are striving to extend the life expectancy of pot hardware, in 

particular bearings. Subjected to severe conditions, journal bearings experience not only mechanical wear under very limited 

lubrication conditions, but also bearing materials react with galvanizing baths, thereby aggravating wear. 

 

Recent efforts from industry and academia have mainly been devoted to experimenting with various materials for improved 

performance. Among bearings evaluated in laboratory and commercial galvanising lines, a carbide-coated SS316L stainless steel 

(316L SS) sleeve paired with a silicon aluminium oxynitride (SiAlON) bushing displayed much improved wear resistance. A cobalt 

based Tribaloy T-800 bushing running against a carbide coated 316L SS sleeve also exhibited improved tribological behaviour in 

galvanizing baths. However, the actual performance of these bearing systems in various galvanizing operations can differ 

presumably because the operating conditions of the galvanizing lines vary significantly. Hence, it is plausible, and sometimes even 

more perplexing for galvanizers to choose pot bearings to suit their specific needs. 

 

AcmeCast Product Offering(s) 

 

Apart from popular Canalloy (austenitic stainless steel and carbide coated SS316L/SS) used in bushing and sleeves in the industry, 

AcmeCast suggests the use if Laves phase reinforced Co-based alloys and the CoCrMoSi alloy metallurgies for such severe wear-

abrasion applications like hot-dip galvanizing lines with added aluminium in molten zinc baths, rather than weld cladded, spray 

coated hardfacing alloys on pot hardware substrate materials. Further, at this point in time, we are not convinced with potential 

enhanced life offered by ceramics coatings, and cermet in offering a notable advantage over cast-cobalt base alloys bushing and 

sleeves. 

 

Candidate Alloys 

 

Alloys/ 

Elements 

 

C Mn Si S P Cr Mo W Ni Al Co Fe Others 

SS 316 / SS316L 

 

0.08/ 

0.03 

1.35 0.80 0.03 0.03 18-21 2-3 - 9-12 0.02 - Bal  

Canalloy -A 

 

 

0.35 

0.65 

0.75 

1.50 

1.75 

2.25 

0.04 0.04 25-26 -  12-14 0.02 

0.22 

- Bal Ti 

Canalloy -B 

 

 

0.35 

0.65 

0.75 

1.50 

1.75 

2.25 

0.04 0.04 22-24 -  10-11 0.02 

0.22 

- Bal Ti 

Stellite 6 

 

 

0.9 

1.4 

1.0 

 

1.5 0.03 0.03 27-31 1.5 2.6-

3.0 

3.0 0.02 

0.22 

Bal   

Stellite 12 

 

 

1.4 2.5 0.8 0.03 0.03 30 - 8.3  0.02 

0.22 

Bal 3.0  

Stellite 20/21 

 

 

0.20 

0.30 

1.0 1.0 0.03 0.03 25-29 5-6 - 1.75-

3.75 

0.02 

0.22 

Bal  0.07 max B 

T-400 

 

0.80 - 2.2-

2.6 

  7.5-8.5 27-29 -   Bal  Fe+Ni 3 

T-400C 

 

0.10 -         Bal   

T-800 0.08- 

0.15 

- 3.2- 

3.8 

0.03 0.03 17.5- 

19.5 

26- 

29 

- 1.5  0.02 Bal 1.5 

 

N 

Ni+Fe 10 max 

T-700/900              

 

Cast cobalt alloys are used for three primary purposes in industrial, aerospace, and medical applications: 

 

• To resist wear 

• To resist chemical corrosion 

• To resist high-temperature stress and surface degradation 
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Physical Metallurgy 

 

Cast cobalt alloys are strengthened primarily by the presence of carbides in the microstructure, by substitutional solid-solution 

strengthening, and by grain-boundary strengthening. Stacking faults play a role in the development of properties in these alloys. 

 

 

Crystallography 

 

The crystal structure of pure cobalt is hexagonal close-packed (hcp) at room temperature. Above 420°C, the face-cantered cubic 

(fcc) crystal structure is stable. However, the transformation from fcc to hcp upon cooling is sluggish. Alloying elements tend to 

stabilize one structure or the other and serve to increase or decrease the transformation temperature.  The fcc structure is 

stabilized by the addition of carbon, niobium, iron, manganese, nickel, tantalum, titanium and zirconium. The fcc structure is 

necessary for high temperature strength and ductility at all temperatures. The composition of the fcc matrix phase is a function of 

overall alloy composition and the phases that precipitate during solidification, upon heat treatment, or in service. 

 

Stacking faults are regions of the hcp configuration contained in the fcc matrix and are important crystallographic features of 

cobalt alloys. The tendency to form stacking faults depends on stacking fault energy (SFE), which is a function of composition. High 

SFE reduced the tendency for stacking faults to form. Elements that increase SFE tends to stabilize the fcc structure. Because of 

its complete solubility in the matrix, nickel is often used in cobalt-base alloys to increase SFE and stabilize the fcc structure. When 

encountered, regions of the hcp matrix phase are also known as the € (epsilon) phase.  

 

Stack faults interact with dislocations directly and are also sites for precipitation of carbide and topologically closed-packed (tcp) 

phases such as σ (sigma) and Laves phases. High stacking fault density tends to increase strength and wear resistance but can 

reduce tensile and stress-rupture ductility. In order of effectiveness, the solid-solution hardening elements are tantalum, tungsten, 

niobium, and molybdenum followed by zirconium, titanium and carbon. The effectiveness of the solution strengthening is 

proportional to the difference between atomic radii and the lattice parameter of the matrix and is also a function of solubility in the 

matrix. 

 

 

Phases & Microstructure 

 

The microstructure of most cast cobalt alloys is composed of the fcc matrix phase, carbides, and occasionally tcp phases such as σ 

(sigma) and Laves phases. Wear resistant Stellite alloys are based on carbon and chromium. Carbon (and occasionally boron) is 

used on conjunction with chromium and one or more refractory elements to produce a high-hardness, carbide-rich material. These 

alloys feature good hot hardness, reasonable toughness (compared to cemented carbides), properties intermediate between high-

speed steels and cemented carbides. Hardness values increase proportionally with MC, M6C, and M23C carbide volume fraction that 

accompanies additions of tungsten, molybdenum, and carbon to the composition. While strength and hardness increase with 

carbide volume fraction, ductility, and toughness decrease. The melting ranges for these high carbon alloys are typically lower and 

narrower than those of the high-temperature and medical cobalt base alloys. As such, most of the cobalt alloys exhibit very good 

casting fluidity. 

 

Stellite 6 is one of the most common and popular wear-resistant alloys. Its ability to withstand sliding and abrasive wear comes 

from the high-volume fraction of carbides formed from the 1.2%C, 5%W, and 30%Cr in the alloy. The alloy has Rockwell hardness of 

approximately 43 HRC but limited tensile ductility. Alternatively, cobalt alloy variant contains rather low carbon content (and this a 

low volume fraction of carbide.) By careful control of the alloy balance to achieve a low stacking fault energy (SFE) fcc matrix and 

subsequently high work-hardening rate. 

 

Molybdenum is used in the Tribaloy grades, with wear-resistant properties owing to a silicon-stabilized Laves phase rather than 

carbides. The microstructure consists of approximately 50% Laves phase with 1100HV hardness in a soft fcc matrix. The cast 

Tribaloys have very low ductility which limits the designs of parts that can be made without cracking. These alloys are difficult to 

cast and are usually grinded. Complex geometries are difficult to cast owing to challenges put by inherent alloy metallurgy of Laves 

Cobalt alloys. But for bushings and sleeves manufacturing to close tolerance and surface finishes, they are machined using difficult 

and expensive cutting tools/holders with minimum vibration, on rigid CNC machines and are cut by PCBN (Poly cubic boron nitride) 

or more expensive CBN (cubic boron nitride) inserts with short machining cutting edge life.  Furthermore, the alloy is susceptible to 

fracture, cracking and breaking if not handled properly during its manufacturing or in end use application. Hence, not 

manufacturers delve into manufacturing of Stellite and Tribaloy being risk averse and failure resulting in heavy cost implications. 
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Laves-Type Alloy Compositions 

 

Two cobalt-based cast Laves-type alloy compositions are Tribaloy T-400 and Tribaloy T-800. In these alloy metallurgies, 

molybdenum and silicon are added at levels in excess of their solubility limit with the objective of inducing the precipitation of the 

hard (and corrosion resistant) Laves phase (an intermetallic compound). Carbon is held as low as possible in these alloys to 

discourage carbide formation. The microstructure of Tribaloy T-800 alloy with the Laves precipitates, some of which are indicated 

with arrows (x 500) is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most cast cobalt base wear-resistant alloys are used in as-cast condition and age in service conditions. Occasionally, wear-

resistant grades are stress-relieved at approximately 900°C. 

 

 

Types of Wear 

 

There are several distinct types of wear which generally fall into three main categories 

 

• Abrasive wear 

• Sliding wear 

• Erosive wear 

 

The type of wear encountered in a particular application is an important factor that influences the selection of a wear-resistant 

material. 

 

Abrasive Wear 

 

Abrasive wear is encountered when hard particles, or hard projections (on a counter surface), are forced against, and moved relative 

to, a surface. The terms, high-stress abrasion and low-stress abrasion relate to the conditions of the abrasive medium (be it hard 

particles or projections). If the abrasive medium is crushed, then the high-stress condition is said to prevail. If the abrasive medium 

remains intact, the process is described low-stress abrasion. Typically, high-stress abrasion results from the entrapment of hard 

particles between metallic surfaces (in relative motion), while low-stress abrasion is encountered when moving surfaces come into 

contact with packed abrasives. 

 

In alloys such as cobalt-base wear alloys, which contain a hard phase, the abrasion resistance generally increases as the volume 

fraction of the hard phase increases. Abrasion resistance is however, strongly influenced by the size and shape of the hard phase 

precipitates within the microstructure, and the size and shape of the abrading species. 
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Sliding Wear 

 

Of the three types of wear mechanisms, sliding is perhaps the most complex, not in concept, but in the way different materials 

respond to sliding conditions. Sliding wear is a possibility whenever two surfaces are forced together and moved relative to one 

another. The chances of damage are increased markedly if the two surfaces are metallic in nature, galling wear (metal-to-metal) 

and if these is little or no lubrication present. 

 

Sliding wear generally occurs by one or more of three mechanisms.  

 

The first mechanism, oxide control of the sliding wear process, along with low wear rates, are experienced, when surface 

temperatures are high, by virtue of either a high ambient temperature or frictional heating. This is because oxide growth rates 

increase dramatically with temperature. In some case, so-called “oxide glazes” are formed on the surfaces. These “oxide glazes” are 

very smooth, highly reflective regions, caused by the shearing of oxide debris (peaks) and redistribution of the oxide debris, if 

trapped as discrete particles or flakes between the sliding surfaces, can become abrasive. The combined sliding-abrasive wear 

mechanism set up under these conditions is known as “fretting”. 

 

The second mechanism of sliding wear is normally associated with high contract stresses and assumes breakdown of the oxide 

films to the point where true metal-to-metal contact is established. Under these conditions, there is an opportunity for cold 

welding of the surfaces to occur, and for subsequent movement to result in fracture of small pieces away from the original 

interface (normally in the weaker of the two mating materials). Damage caused by this mechanism is termed “galling”. Subsequent  

metal transfer from one surface to the other and gross deformation of surface materials are typical of this condition. 

 

The third mechanism of sliding wear, which can also produce substantial metallic damage, is one of sub-surface fatigue. This 

mechanism is associated with cyclic stress conditions caused by materials periodically pressing on one another. Material is lost 

through fatigue crack nucleation and growth at a specific depth.  The metallic materials that perform well under sliding conditions 

do so either by virtue of their oxidation behaviour or their ability to resist deformation and fracture. For materials such as the 

cobalt-base wear resistant alloys with a hard phase dispersed throughout a softer matrix, the sliding-wear properties are controlled 

predominantly by the matrix. Indeed, within the cobalt alloy family, resistance to galling independent of hard-particle volume 

fraction and overall hardness. 

 

The outstanding resistance of the cobalt base alloys to galling under self-mated conditions, is apparent from the pin-on-disk/block 

test results discussed later in this paper.  Nevertheless, the coupling of dissimilar materials in a sliding system complicates the 

issue of wear performance, possibly because the interfacial bonding characteristics are indeed difficult to predict. 

 

 

Wear mechanisms of materials sliding in molten zinc 

 

Defined as a surface damage or removal of materials from solid surfaces during mechanical interaction, wear often manifests itself 

in very complex forms and frequently involves activation of multiple mechanisms. For journal bearings sliding in molten zinc, the 

reaction of the bearing materials with the medium would certainly make the wear process much more complicated. 

 

Stellite alloys, quickly reacts with molten zinc alloys, forming various complicated intermetallic compounds. Due to strong affinity 

of cobalt with aluminium, the cobalt-aluminide (CoAl) compound is formed when the bath aluminium level is as low as 0.15% at 

460°C. The surface condition of Stellite alloys changes with the growth of an intermetallic layer when submerged in the aluminium 

containing bath. In the vicinity of submerged bearings, the molten zinc is saturated with cobalt and the equilibrium compound CoAl 

phase. The CoAl compounds, which are harder and more brittle, could initiate wear damage by creating shallow wear grooves. 

Under repeated loading and unloading during bearing rotation, it is more likely that cracks are initiated in the reaction layer and at 

its interface with the substrate. Cycling loading leads to cracking of the material beneath the contact surface, mostly along the 

softer carbide networks. The linkage of these cracks eventually results in breaking up and detachment of the intermetallic layer 

and the bearing materials, leading to formation of wear debris. The wear debris then react with aluminium in the molten zinc and 

eventually transformed into cobalt-based aluminide particles which could inflict even more serious damage on the contact 

surfaces. 
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For Stellite alloys running against itself, the display of highly-grooved worn surfaces indicates that the abrasive wear is a major 

contributing mechanism. The grooves are parallel to each other, suggesting a two-body abrasive wear. Hence some hard protruding 

phases must have existed on the contact surfaces. Detailed analysis of the tested bearings reveals that the transformed wear 

debris (CoAl) were re-attached to the contacting surface and built up as bumps as shown in figure below (Stellite 6 bushing against 

Stellite 6 sleeve). The size of these bumps is likely to have grown with time and caused the macro-scaled wear grooves. An optical 

view of the build-up (on the left) and the SEM cross-sectional view of a build-up site (at the above right). 

 

Surface fatigue wear is understood to be responsible for the generation of wear particles as a result of detachment of intermetallic 

layers and materials from the surfaces. The metallurgical reaction of this material with the operating medium (zinc-aluminium 

bath) and the synergistic aggravation of wear by the reactive products signified the activation of a unique corrosive ear.  The 

combination of Stellite alloys with dissimilar materials shows that the tendency of adhesion of wear particles is greatly reduced 

and even diminished. Thus, the severity of the wear grooves is significantly reduced although the wear debris from much harder 

counter mating surfaces could easily plough on the alloy surfaces. 

 

The alloys that contain significant amounts of hard phases, such as, carbides or Laves phases, tend to have less interaction with the 

galvanising baths, and mainly experienced wear through cracking and fracture, a reminiscence of surface fatigue wear. 

 

 

 

 

How Wear Abrasion Cobalt Base alloys perform in hot dip galvanizing lines 

Co-Cr-W (Stellite 3, 4, 6, 12, 20/21) and Co-Mo-Cr-Si (Tribaloy 400, 400C, 700, 800)  

 

Cobalt base alloys of the Co-Cr-W (commercially known as Stellite) and Laves phase reinforced Co-Mo-Cr-Si (commercially known 

as Tribaloy T-400, T-800) alloy systems are widely used to produce components such as the bush and sleeve that support sink rolls 

in the galvanizing industry. Service life up to 30 days in traditional galvanizing Zn molten bath at 470°C has been attributed to the 

stability of the alloys which retain hardness at operating temperature and appropriate wear resistance properties. 

 

Not withstanding the challenge of increasing service of bearing in traditional galvanizing baths, an even more demanding service 

condition is presented by 55Al-Zn bath. The increased reactivity of the molten alloy with the steel sheet, due to the high aluminium 

content, causes a larger volume fraction of hard dross particles. These very hard particles can ‘infiltrate’ between the parts of the 

bearing and as a consequence, increase wear due to their relative movement. Together with the higher operating temperature of 

600°C leads to service life of less than 7 days (168 h) for some of the metallic parts like the bushing. Two-body abrasive system is 

attributed to as the mechanism responsible for the deterioration of the parts. However, the effects of temperature and also the 

reactivity of the 55Al-Zn molten alloy with the material of the bushing is also play significant role in acute wear-abrasion 

encountered demanding replacement of bushing. 
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Wear behaviour of novel materials including coatings/cladded hard-faced materials on substrates in molten zinc 

 

Wear of a material reflects its response to a particular set of conditions and is often related to the coupling pair and the 

surrounding medium. Table below summarizes results of various material pairs tested in zinc-aluminium (Zn-Al) baths at a 

temperature of 465°C with a test speed of 200 rpm and a test load of 8 kN. 

 

 Friction and wear of bearings made of various materials with observations 1-5 listed 

Bearing Materials Test Bath Wear (mm) Coefficient of 

Friction 

Bushing Sleeve GI1 Bushing Sleeve  

Stellite 6 Stellite 6 GI 0.152 0.972 ~ 0.17 

T-800 Stellite 4 GI 0.20 0.203 ~ 0.18 

316L SS Stellite 6 GI 1.0 Negligible  ~ 0.08 

Stellite 6 Laser-clad WC coating GI 0.054 Negligible ~ 0.12 

MSA 2001 MSA 2001 GI 1.17 0.15 ~ 0.17 

SiAlON MSA 2020 GI Negligible 0.205 ~ 0.20 

T-800 Laser-clad WC coating GI 0.46 Negligible  ~ 0.19 

MgO-ZrO2 Laser-clad WC coating GI 0.80 Negligible  ~ 0.13 

Y2O3-Zr O2 Laser-clad WC coating GI 1.95 0.08 ~ 0.18 

SiAlON Laser-clad WC coating GI 0.11 Negligible ~ 0.14 

1. Test bath GI refers to a Zn-Al bath typically containing 0.18% Al and saturated with about 0.02 weight% Fe 

2. Depth of wear grooves on the bushing and sleeve 

3. Depth of wear groove on the sleeve 

4. Bushing having wear groove with a depth up to 0.20 mm 

5. Cracked sleeve 

 

 

Inference 

 

Metallic materials react with molten zinc alloy to form inter-metallics, which contribute to the abnormal wear of pot bearings 

made of these materials.  Efforts have been made to search for non-wettable and non-reactive materials for applications in 

continuous galvanizing. Being inert to molten zinc, ceramics materials based on ZrO2 and Si3N4, were evaluated in galvanizing baths 

sliding against various materials. When ceramic materials were tested against softer cobalt base superalloys, they experienced 

very limited wear while inflicting damage on the counterparts, as evidenced by the wear of MSA 2020 after running against SiAlON. 

Further, when ZrO2 and SiAlON paired relatively harder WC coatings, ceramics were found to wear. 

 

Other types of materials that have been extensively evaluated are cermet coatings which typically contain significant amounts of 

carbide particles and have a lower tendency to reach with zinc-aluminium baths. The laser-clad WC cermet coating has a 

composite nature with hard WC particles imbedded in a soft iron-based superalloy matrix. The hard WC particles have load-bearing 

capability and the soft matrix can endure repeated loading and unloading conditions without crack initiation and can mitigate crack 

propagation. This type of coating demonstrated good wear resistance against Tribaloy T-800 and ceramics in zinc-aluminium baths. 

It is increasingly being used as pot bearing material in the galvanizing industry with improved campaign time, although the 

performance varies from line to line. 
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Pictures below show worn surfaces of Stellite sleeves after running in Al-Zn baths against a Stellite 6 bushing (left) and a 

Tribaloy 800 bushing on the right. 

 

Pin-Disk Wear Test Results for Alloys Pairing - Bush and Sleeve 

 

For the wear test, pin-on-disk method is widely used. Pin-on-disk wear test was performed to evaluate friction coefficient for wear-

resistant alloy casting material. Pin and disk specimens were prepared for wear test. Wear between metals is known to be affected 

by roughness of contacted surfaces, temperature, contacted condition, hardness, vertical load and lubrication. 

 

Conditions of wear test 

  Type  Pin-On-Disk 

  Material  Pin/Disc  Stellite 6, Stellite 20, Tribaloy T-800 

  Vertical Load  98 N 

  Sliding Length 1695.6 m 

  RPM  100 

  Lubrication  None 

 

Researched reported results are tabulated below 

Mean friction coefficient results of the wear test   

No. Material   PIN Material DISK Mean Friction Coefficient 

1 Stellite 6 Stellite 6 0.07 

2 Stellite 6 Stellite 20 0.18 

3 Stellite 6 T-800 0.16 

4 Stellite 20 Stellite 6 0.12 

5 Stellite 20 Stellite 20 0.09 

6 Stellite 20 T-800 0.17 

7 T-800 Stellite 6 0.06 

8 T-800 Stellite 20 0.07 

9 T-800 T-800 0.08 
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  Laboratory wear test results reveal that the mean friction coefficients were in a range of 0.06~0.18 

  as tabulated in the above table. 

 

  The least coefficient 0.06 was obtained from T-800 (pin) and Stellite 6 (disk) from the wear test. 

 

    

Selection of materials for improved bearing performance of pot bearings 

 

Performance of journal bearings in galvanizing pots is influenced by various factors. For a specific galvanizing line, selection of a 

suitable type of bearing or bearing material is significant implication in its operating efficiency. With many types of pot bearings 

available and wide ranges of materials to choose from, it is paramount to understand the wear behaviour of materials in molten 

zinc and more importantly, to identify their wear mechanisms so that appropriate materials are selected to satisfy the 

requirements of operating conditions. 

 

When submerged in galvanising baths, majority of metallic materials react with galvanizing baths to form inter-metallics which 

influence the wear of pot bearings. Cobalt has hexagonal crystallographic structure at room temperature (hcp) which is known to 

be wear resistant in nature.  Stellite alloys are cobalt-based alloys containing primary alloying additives of chromium, tungsten and 

carbon, and consist of relatively tough austenitic (fcc) cobalt solution phase and the dispersed hard carbide phase.  Such 

microstructure imparts these alloys to have good resistance against abrasive wear at elevated temperature or under corrosive 

service conditions. Stellite alloys are traditionally the material of choice for applications in severe conditions in which lubrication 

cannot be applied. Stellite 6 and Stellite 4, is used extensively in the continuous galvanizing industry as pot bearing materials.  

 

Unfortunately, it has been observed in the industry, same or similar type Stellite alloys are frequently used as both bushing (bearing) 

and sleeve (journal) materials in these bearings. As discussed above, the combination of Stellite/ Stellite typically resulted in 

severe wear after sliding in molten zinc. From tribological perspective, a Stellite alloy should be paired with a dissimilar material to 

achieve lower friction and better. Furthermore, Stellite alloys easily reacted with aluminium-containing zinc baths to form cobalt 

aluminides, which results in severe wear of pot bearings when Stellite alloy was paired with a Stellite alloy. Hence, a combination of 

a Stellite alloy with a different alloy would likely experience much less damage and smoother running conditions. Resulting in the 

bearing likely to experience less damage and render smoother running conditions. 

 

A Stellite alloy paired with different superalloy, such as Tribaloy T-800 or an iron-based alloy, would result in improved performance. 

A Stellite alloy can be paired with high-alloyed steels, such as SS316/SS 316L, as stabilizer roll bearing since much lesser load 

would be encountered. For galvanizing lines having Stellite/ Stellite alloys as pot bearing materials, an improved bearing design, by 

incorporating debris removal mechanism, can be adopted to reduce wear of these bearings in the zinc-aluminium baths.  Therefore, 

alloys with higher hardness like Stellite alloys and Tribaloys should be considered as combination pairs. 

 

Conclusion  

 

Galvanizing lines are operated at different line speeds and tensions to accommodate different product needs, including different 

widths, thicknesses and mechanical properties of the strips. Pot bearings are thus subjected to different running conditions which 

could significantly affect bearing performance. For the bearing consisting of a Tribaloy T-800 bushing and a carbide coated SS 316L 

SS Sleeve, both the speed and the load were found to influence the friction and wear of the bearing.  

 

The short life of pot bearings has increasingly become an impediment and persistent problem to the continuous galvanizing 

industry. Recent studies of friction and wear of materials in molten zinc have advanced our knowledge in this challenging area as 

metallurgists and manufacturers of custom-made parts/components and consumables for industry specific end applications. 

 

In general, wear of a pot bearing in aluminium-containing zinc baths involves not only the mechanical interaction between the 

mating components, but also metallurgical interaction between the bearing materials and the surrounding medium. Selection of 

appropriate bearing materials thus relies on fundamental understanding of the wear and wear mechanisms of these materials in 

specific operating conditions discussed in this paper. 

 

Commonly used cobalt based superalloys offer reasonably good wear resistance at the galvanizing temperature. However, these 

alloys react with the zinc-aluminium baths to form intermetallic compounds that aggravate wear-abrasion and corrosion. Novel 

materials such as ceramics and cermet coatings are less or non-reactive with the zinc-aluminium baths; they experience wear 

mainly through fracture and breakage.  
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For enhanced tribological behaviour, it is highly recommended that components of pot bearings (bushings and sleeves) be made of 

dissimilar materials. 

 

 

 

*** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Talk to us of requirements of components, spares and replacement parts.  In case, drawings are not available, new 

replacement part could be developed from sample, old or used OEM part. 
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