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Over its lifetime, an oil faces many operational challenges in high-speed wire rod mills, pre-finish 
mill and finishing mill stands, and reducing and sizing mills. In this white paper, we discuss how 
you can reduce costly downtime and equipment failures through selecting the right oil and using 
a proactive contamination control strategy.

Water and particulates in lubricating oils can 
decrease oil and bearing life significantly. 
Water reduces an oil’s operating viscosity 
and lubrication film thickness and promotes 
corrosion and bacterial growth (Figure 1). 
Particulates can act as a grinding paste that 
accelerates wear. Water and iron oxides 
may also accelerate additive degradation 
and oil oxidation. Consequently, it is 
important to monitor the water and 
particulate contents of lubricating oil.

The maximum water content recommended 
for the lubricating oil depends on the 
operating speeds and loads of your 
lubricated bearings. The higher the 
speed, the lower the recommended water 
content. For No-Twist mills, for example, the 
maximum allowable water content is 0.2% 
(2,000 ppm). This is well below the typical 
water saturation point at normal operating 
temperatures, which means that harmful 
levels of water contamination may not 

be visible as free water during your visual 
inspections; water may be hidden because 
it is dissolved.

Studies by bearing manufacturer SKF 
show that just 0.04% (400 ppm) water 
in lubricating oil can cut the fatigue life 
of tapered roller bearings by up to 44% 
compared with their life expectancy with dry 
oil (Figure 2).1

Why is measuring the water and particulate contents important?

1Cantley, R. E.: “The effect of water in lubricating oil on bearing fatigue life,” ASLE Transactions (1977), 20(3), 244–248

Figure 1: Oil tank water-drain cock with corrosion 
and bacterial growth.

Figure 2: Effect of water on bearing life.  
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Lubrication in wire mills and bar mill systems is challenging. This is 
partly because the same oil, normally ISO viscosity grade 100, 
needs to protect the highly loaded 1,000–12,000-rpm roller and 
plain bearings, even when contaminated with cooling water 
and iron oxides. To meet these challenges while extending oil 
life, reducing bearing failures and avoiding costly downtime and 
maintenance, the right oil and a proactive maintenance strategy 
are necessary.

Your bearing and circulating oil should meet or exceed equipment 
manufacturers’ requirements and be developed to perform with 

the bearing speeds and loads, oil pressure and lubricant tank 
design and settling times for your mill’s lubricating oil system. 
Its design should also account for operational issues and 
experiences.

Your proactive maintenance strategy needs to control water and 
particulate contamination, as maintaining oil cleanliness and low  
water levels significantly improves bearing life. Consequently, an 
advanced oil condition monitoring programme should be a key 
part of your strategy.
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Many steel mill circulating-oil lubrication 
systems are subject to water ingress, mainly 
from mill-stand roll cooling or through 
bearing seals, in particular those which are 
not well maintained. Being aware of how 
much water is present and whether it is free, 
dissolved or emulsified is key to reducing 
maintenance costs and downtime.

An oil can hold more dissolved water 
as its temperature increases. For a given 
temperature, an oil’s appearance changes 
from clear and bright to hazy with 
increasing water content (Figure 3). Water 
dissolves in the oil until the saturation point is 
reached; above this level a clear, free-water 
layer develops. As it has a higher density 
than oil, free water settles at the bottom of 
lubricating oil tanks from where it can be 
regularly removed through the drain valve. 

Water may also be present as an emulsion 
(a milky white mixture of oil and water) 
that can contribute to corrosion, inefficient 
lubrication and reduced filter life. Stable 
emulsions may form through the mixing 
action of pumps, gears and bearings 
and be promoted by contamination with 
chemicals or different lubricants, something 
that your oil condition monitoring analysis 
should identify. 

There are various techniques for determining 
the presence of water, including qualitative 
visual assessments and quantitative 
procedures, which can be offline, through 
laboratory-based oil analysis, or online in 
real time using sensors.

The most convenient and fastest way to 
detect water contamination is through visual 
assessment using the drip-leg sight glasses. 
In highly contaminated systems, free water 
will be evident in the drip legs. This is a well-
documented, routine maintenance practice. 
Drip legs should be inspected at least once 
and preferably twice per shift. A second 
means of determining the presence of water 

is a visual assessment of a sample drawn 
from the lubricant tank drain. This should be 
done twice daily and any free water should 
be drained off. 

These low-cost and immediate qualitative 
assessments are often sufficient when 
systems are highly contaminated. 
But, as noted above, low-level water 
contamination, which can only be 
identified through qualitative assessment, 
can halve bearing fatigue life and cause 
failures and unplanned downtime.

There are several ways to make quantitative 
measurements of water contamination, 
on- or off-site and in real time. For example, 
routine laboratory-based oil condition 
monitoring may use the Karl Fischer 
titration test for accurate readings. This test 
procedure (ASTM D6304) is accurate for 
up to 2.5% water content. Laboratory-based 
analysis gives the most accurate results, but 
there is a lag between taking the sample 
and receiving web-based results caused by 
sample delivery and analysis.

On-site analysis, for example, using Shell 
LubeAnalyst Lite, offers quicker results. 
Simple, fairly accurate and inexpensive 
tests can be run in the field at sampling 
points. The instantaneous results enable 
your maintenance staff to take immediate 
remedial action such as switching tanks or 
increasing the tank temperature.

You can take this further by using in-line 
sensors to give real-time water saturation 
information expressed as percent relative 
humidity. For example, the Shell Remote 
Sense service uses in-line sensors to detect 
dissolved water content and changes 
in oil condition. After being set for the 
water saturation curve for the oil in use, 
water saturation can be displayed as a 
percentage or in parts per million.

The latest systems may include online 
condition monitoring that records 
parameters including bearing temperature 
and vibration, and oil contamination, 
temperature and water saturation.

Figure 3: Typical lubricating oil’s appearance in the presence of water (appearance for other grades may 
differ depending on additive composition and base oil used).  

Recognising and measuring water contamination
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Techniques for removing water 
Having established the amount and state 
of the water present, it is important to 
have a strategy for its removal to prevent 
premature bearing failure, oil ageing and 
unplanned downtime.

As water is denser than oil, free water 
settles to the bottom of the lubricating oil 
tank and should be regularly drained off. 
However, this method does not remove 
the potentially damaging dissolved water 
or emulsions.

You should also use a centrifugal 
separator or, preferably, a vacuum 
dehydrator for water removal. Centrifuges 
separate the water and oil by applying a 
centrifugal force. To keep them working 
effectively, they must be well maintained 
and have deposits and sludge removed 
periodically. Vacuum dehydrators reduce 
the pressure so that water can be 
boiled off at relatively low temperatures 
(typically 65°C). Doing so at higher 
temperatures without a vacuum risks 
damaging the oil and reducing its life.

Minimising particulate 
contamination 
In addition to water ingress, lubricating 
oils in bar and rod mills are exposed 
to contamination by steel and scale 
particulates, which, if not controlled, can 
reduce equipment reliability. Particulate 
matter is a known major cause of bearing 
failures. Steps should be taken to minimise 
dirt ingress into the tanks and frequent oil 
analysis should be performed to measure 
in-service oil cleanliness, typically 
following the ISO 4406 or NAS1638 
classifications.

It is common in circulating-oil systems 
with high water ingress for operators to 
keep the reservoir hatches open to avoid 
condensate formation or “sweating”. 
However, these hatches should actually 
be closed to eliminate particulate 
ingress. Instead, tanks should have 
open gooseneck breathers with filters or 
desiccant breathers. Ideally, there should 
be a fan above the oil level to assist with 
reservoir condensation removal.

Before collecting samples from the 
lubricating oil system for testing, the 
sampling valves should be flushed, and 
the initial oil collected should be disposed 

of. Only the supplied laboratory sample 
bottles should be used to collect the 
final samples, as other containers may 
contaminate the samples and compromise 
the analysis.

Filtering the circulating oil to a level of 
18/16/13 (NAS 7) cleanliness or better is 
recommended for high-speed equipment. 
When flushing the system, a cleanliness 
of ISO 17/15/12 (NAS 6) for the primary 
flushing is recommended.

Tank rotation and temperature
Tank design and operating temperature 
play critical roles in the settling of water 
and particulate matter, and the release of 
entrained air, and thus in prolonging oil life. 

Oil in the main tank should typically be 
held at a temperature of 49–54°C. The 
maximum temperature for oils in high-speed 
No-Twist mill equipment, for example, 
is typically 60°C. Operating at higher 
temperatures can reduce oil life and 
promote deposit formation.

Tanks should be operated with the oil level 
above 80% of the reservoir capacity to 
allow maximum residence (standing) time 
for water separation, entrained air release 
and particulate matter settling. Rising oil 
levels may indicate water ingress and 
decreasing levels may flag lubricant loss, 
potentially via a leak or an open valve.

To ensure optimal oil and bearing life, 
the water content should be controlled at 
<0.2%. If your mill has two oil tanks, both 
should be used in rotation, one running and 
one resting. More modern designs may 
have a single lubricating oil tank. 

In two-tank No-Twist mill systems, for 
example, once the water content in the 
operating tank exceeds 0.2% (preferably 
below the oil’s saturation point), it can 
become the resting tank and the oil can 
be dehydrated using a vacuum dehydrator 
or centrifuge. The oil should be heated 
to a maximum of 55°C to speed water 
separation. Once the bulk oil temperature 
reaches the desired temperature, the steam 
or electric heaters should be turned off 
to allow the reservoir to rest and the free 
water to separate out before being drained 
off. The oil should not be heated above 
70°C, as this will promote oil oxidation 
and thermal degradation. You should then 
switch tanks and repeat the process.
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Using an oil condition monitoring programme
Excessive bearing temperatures, oil emulsions, foaming and gearbox and bearing corrosion may indicate an issue with the circulating-oil 
system. In addition to on-site visual assessments, regular oil condition monitoring is an important part of a proactive maintenance strategy 
to reduce costly downtime and equipment failure. Your oil condition monitoring programme should include, as a minimum, the tests in 
Table 1 and should use ISO-accredited laboratories. The Shell LubeAnalyst oil condition monitoring programme can be used to evaluate 
the performance of in-service oils across the steel mill.

Table 1: Typical oil condition monitoring tests.

Shell Morlina S2 BA bearing and circulating oil has been developed to meet the requirements of the key mill manufacturers, 
including Primetals (formerly Siemens Morgan Construction), Danieli Morgårdshammar and SMS Meer, and with 
consideration to mill design, and operating conditions and experience. It has been used successfully throughout the world in 
numerous high-speed wire rod mills operating at mill speeds up to 150 m/s, including in China, India and the USA.

Shell Morlina S2 BA oil offers wire rod mill operators following benefits:
n	 longer bearing life for fewer failures, less unscheduled downtime and lower replacement costs through its

n	 rapid water separation (Figure 4)
n	 rust and corrosion protection
n	 high load-carrying capacity
n	 antiwear performance that protects against scuffing and scoring

n	 extended oil life from
n	 quick water shedding over a wide temperature range
n	 excellent oxidation and thermal stability for reduced deposits

n	 longer pump life through
n	 good anti-foaming and air-release performance, which reduce pump cavitation and wear
n	 rust and corrosion protection

n	 lower costs related to
n	 less time and equipment required to separate out water
n	 extended oil and component lives
n	 increased productivity through fewer bearing failures and unplanned shutdowns.

Selecting the right product

Figure 4: Shell Morlina S2 BA 
has up to four times faster oil 
separation than industry limits.
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Test Method Frequency

Viscosity at 40°C, cSt ASTM D445 Quarterly

Water content, ppm ASTM D6304 Quarterly

Appearance Visual Quarterly

Total acid number, mg KOH/g ASTM D664 Quarterly

Elemental analysis, ppm ASTM D5185 -05 Quarterly

Oil cleanliness (particle count) ISO 4406 or NAS1638 Quarterly

Demulsibility, min ASTM D1401 Quarterly
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The Shell LubeAnalyst oil condition monitoring service provides an early-warning 
system that monitors trends, benchmarks results against a global database and 
diagnoses issues to give you the actionable insights you need to avoid failures and keep 
your mill running efficiently. The service uses a global network of 20 ISO-accredited 
laboratories to give you accurate analyses, based on more than 30 years of operation, 
via a secure web portal.

For rapid results, when you cannot wait for laboratory analysis, Shell LubeAnalyst Lite 
provides on-site testing using a sophisticated benchtop unit. The service enables you to 
act quickly to avoid issues by offering a few key tests. It should be used in conjunction 
with the wider range of more accurate tests available through the laboratory-based 
service.

For critical operations, the Shell Remote Sense service uses sensors to provide real-
time, continuous monitoring. This service gives you actionable insights through a secure 
website and email alerts and can be applied across your mill on equipment from a 
range of manufacturers. The information can be integrated with existing monitoring and 
telemetry systems via API connections.

Shell also offers Shell LubeCoach training and Shell LubeOptimiser vacuum dehydration and contamination control 
services to help improve equipment reliability.

Selecting the right oil condition monitoring services* 

Supporting services* 

KEY TAKEAWAYS
Owing to today’s more challenging operating conditions and the 
greater equipment reliability required, high-speed wire rod mills and 
their circulating oils are under increasing pressure. This presents a 
variety of challenges that mill operators need to manage proactively 
through product choice and contamination control if they are to avoid 
costly downtime.

To do this, you need to ensure that your oil meets, and preferably 
exceeds, equipment manufacturers’ requirements. Shell Morlina S2 
BA meets or exceeds these requirements and offers performance 
advantages including enhanced water separation and demulsibility, 
rust control, load-carrying capacity and oxidation stability.

All oils degrade in service, but effective lubrication management 
can help to slow degradation rates substantially. Implementing 
a contamination control strategy supported by an oil condition 
monitoring programme such as Shell LubeAnalyst can provide vital 
actionable insights on the performance of circulating-oil systems 
and the oil condition that can help to avoid costly downtime and 
equipment failure.

Working closely with your local Shell Lubricant Solutions technical 
advisor can help you to identify the root cause and the optimum 
response to any issues identified.

*Service offers vary across regions.
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Find out more by visiting 

www.shell.com/business-customers/lubricants-for-business/metals 
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