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NEXT GENERATION AC AND DC UPS SOLUTIONS FOR OFFSHORE OIL AND GAS ENGINEERING APPLICATIONS

Foreword

IT SEEMS people have been predicting the end of 

oil production for decades, but so far the industry 

has proved to be incredibly adept at pushing that 

end point back. Technology continues to expand 

the horizons of what can be done, but the question 

is: how long can it continue? 

Offshore production has been under pressure for 

some time and, while things look a little rosier than 

in the immediate aftermath of the recent oil crisis, 

offshore exploration is often a marginal proposition. 

What tips the balance is how safely and sustainably 

new pockets can be tapped. 

Key to this will be advances in surface protection 

technologies. Our opening article from Hardide 

Coatings showcases a major advance in coating 

performance. Their nanostructured tungsten carbide-

based coatings offer superior hardness, abrasion 

resistance, flexibility and finishing to existing options. 

They explain more about how their technology works 

and where performance is coming from.

Elsewhere in the Report we will look at the current 

state of the offshore oil and gas market. Companies 

are turning their attention to new sources of oil in 

more extreme and hazardous environments. Keeping 

infrastructure safe and minimising downtime will 

become increasingly difficult but is also becoming 

much more important. 

Next, we look at the various options available for 

offshore companies. Technology is constantly evolving 

but, while many do offer high performance levels, they 

almost always have defects, which mean they will not 

be appropriate in certain situations. What’s missing is 

a material which can be adapted to multiple situations.

This brings us to the development of nanotechnology. 

This is being deployed in various areas including the 

development of a new generation of extremely tough 

nanostructured coating materials. James Butler looks 

at how these materials work and why there is so much 

interest in them.

Finally, we look to the future and some of the fresh 

innovations which are either here or in development. 

Each of these address key challenges and make it 

possible for the industry to continue to expand the 

horizons of what’s possible. 

Tom Cropper 
Editor

2 | WWW.OFFSHORETECHNOLOGYREPORTS.COM

Tom Cropper has produced articles and reports on various aspects of global business 
over the past 15 years. He has also worked as a copywriter for some of the largest 
corporations in the world, including ING, KPMG and the World Wildlife Fund.

Nanotechnology:  
The New Frontier for  
Coating Technology  
in the Oil and Gas Industry  
Dr Yuri Zhuk, Technical Director, Hardide Coatings, describes the nanostructured 

material enabling engineering innovation in the oil and gas industry

FROM SOUR service and high pressure, 
high temperature (HPHT) finds to  

shale and deepwater plays, oil and gas 
operators are increasingly moving into ever-
more hostile frontiers. 

In such severe environments, and bearing the 
brunt of shock loads and HPHT, components can 
become deformed, causing fractures, chipping 
and ultimately catastrophic equipment or tool 
malfunction. In addition, sand, seawater, sour oil 
and gas containing aggressive H2S, other grades 
of crude containing CO2 and acidic fluids can 
quickly lead to corrosion, abrasive wear and 
erosion of components – all common causes of 
premature failure responsible for unscheduled 
and costly downtime.

The economics of these challenging operating 
conditions that are now commonplace in 
the quest to extract reserves from technically 

demanding reservoirs are often marginal, so 
optimising equipment performance and reducing 
cost are key drivers.

Hardide Coatings, innovator in advanced 
tungsten carbide coating technology, develops 
and provides new solutions to help the oil 
and gas industry solve difficult engineering 
problems thereby improving tool efficiency, 
reducing downtime and saving operational costs. 
Using Hardide coatings, the lifetime of critical 
components is increased dramatically so more 
time is spent producing than maintaining.

Oil and gas customers from operators and 
major international service companies to flow 
control specialists and technology-based tool 
designers are using Hardide coatings on a wide 
range of critical components subjected to high 
levels of wear, erosion, corrosion, galling and 
shock loading. Typical applications include: 

HARDIDE COATED COMPONENTS

www.offshoretechnologyreports.com
www.offshoretechnologyreports.com


ADVANCES IN SURFACE COATING TECHNOLOGY FOR DOWNHOLE AND TOPSIDE OIL AND GAS APPLICATIONSADVANCES IN SURFACE COATING TECHNOLOGY FOR DOWNHOLE AND TOPSIDE OIL AND GAS APPLICATIONS

WWW.OFFSHORETECHNOLOGYREPORTS.COM | 54 | WWW.OFFSHORETECHNOLOGYREPORTS.COM

Hardide Coatings, 

innovator in advanced 

tungsten carbide coating 

technology, develops 

and provides new 

solutions to help the oil 

and gas industry solve 

difficult engineering 

problems thereby 

improving tool efficiency, 

reducing downtime and 

saving operational costs

• Artificial lift  
• Monitor & Logging Tools
• Ball Valves 
• ROV parts
• Cementing Tools  
• Rotary Steerable Tools
• Choke Valves 
• Subsea Chokes
• Drill Stem Test Tools 
• Subsea Stab Connectors 
• Expandable Tools 
• Well Stimulation Tools 
• Industrial Diamonds  

Engineering a Solution
Finding a solution to protect critical components 
sufficiently against corrosion, abrasion and 
erosion is not straight-forward. Traditional anti-
corrosion coatings are not hard and do not 
protect effectively against abrasion. Historically, 
hard materials have been used for tools working 
in severe environments, but these can be brittle, 
risking fracture under shock loads and limiting 
their life.

Hardide chemical vapour deposition (CVD) 
coatings are a novel family of advanced 
nanostructured tungsten carbide-based coatings 
that consistently outperform alternatives by 
providing a unique combination of exceptional 
abrasion, erosion, corrosion and chemical 
resistant properties, while also being tough, 
ductile and impact resistant. The coatings are 
crystallised from the gas phase atom-by-atom in a 
vacuum chamber reactor at around 500OC/930OF, 
producing a conformal coating which can be 
applied to internal (non line-of-sight) and external 
surfaces and complex geometries.

The CVD coatings are a metallic tungsten matrix 
with dispersed nano-particles of tungsten carbide 
typically between 1 and 10 nanometres, giving 
the material enhanced hardness which can be 
controlled and tailored. The Hardide-T coating, 
which is typically used in oil and gas applications, 
has a standard range of hardness of between 
1100 and 1600 Hv. Typical coating thickness is 
50 μm (0.002”). Abrasion resistance is up to 12 
times better than hard chrome plating (HCP) or 
500 times better than Inconel. 

Nanostructured materials possess unique 
toughness, crack and impact resistant features: 
Hardide-T can withstand 3000 microstrain 
deformation without any damage. This 
deformation will crack or chip most other thick 
hard coatings.

Other key properties include resistance to acids 
(including H2S) and a volume porosity of <0.04% 
making it effectively pore-free, with no through 
porosity from 1 μm of coating thickness. Unlike 
sprayed tungsten carbide, the Hardide coating 
does not use cobalt which can be affected by 
acids; this is especially important for processing 
sour oil. 

The Hardide CVD coating has a smooth, as 
applied, surface finish of 0.4 – 0.6 microns Ra 
which can be polished to 0.2 – 0.3 microns Ra 
without the need for grinding (although, if required, 
the coating can be machined by grinding, honing 
and other common techniques). The coating can 
be super-finished to 0.02 microns Ra. Eliminating 
or reducing the need for post coat grinding is 
particularly attractive to oil and gas customers 
as it removes a cost, speeds up process time 
and enables the coating of complex shapes that 
would be difficult or impossible to grind.

Another advantage of Hardide CVD coatings 
is their ability to retain surface finish in operation 
in abrasive or corrosive environments. The 
coating wears uniformly and the coating surface 
may actually improve due to its homogeneous 
structure, which includes tungsten carbide 
nanoparticles. This is an important quality on 
applications such as hydraulic actuators, rotating 
shafts and bearings as the hard coating retains a 
good surface finish and remains seal-friendly thus 
reducing the wear of elastomeric and PTFE seals.

Outperforming the Alternatives
Traditional coating alternatives range from 
high-velocity oxy-fuel (HVOF) thermal spray, 
hard chrome plating (HCP), welded hardfacing  
and physical vapour deposition (PVD) to 
emerging processes such as electroless  
nickel plating composite with hard additives. 
Although successful in some applications, each 
has its limitations. 

Thermal spray coatings and welded hardfacing 
can build a very thick and durable layer but 

cannot be applied to internal surfaces, they are 
rough and porous, and often require post-coat 
grinding which is not possible on intricate shapes. 

PVD coatings can produce an extremely hard 
layer with accurately-controlled thickness, but are 
very thin, typically less than four microns, and 
have limited load-bearing capacity. Various wet 
electroplating and electroless coatings are more 
suitable for internal surfaces and complex shaped 
parts but have lower hardness than HCP and thus 
inferior wear-resistance. Metal plating has other 
limitations: in some cases, it provides insufficient 
corrosion protection due to the plating porosity or 
microcracks, and could have insufficient adhesion 
to steel substrates. 

In contrast, extensive testing and industry use 
has proven that Hardide CVD coatings are tough 
and provide a technically and commercially-
viable solution, providing an enhanced barrier 
against corrosion, wear, erosion, acids, and other 
chemically aggressive media. They also display 
improved fatigue life.

• Chemical and corrosion resistance
HCP, thermal spray and electroplating have micro-
pores and micro-cracks that can widen under 
load, allowing media to attack the substrate. 
Sealing can improve the corrosion resistance 
but there are several limitations including — 
in the case of organic sealants — maximum 
use temperature. Also, as the coating wears, 
deeper, previously-concealed, unsealed pores 
will eventually open.

Hardide CVD coating’s performance was 
confirmed in accordance with ASTM B117-07a 
standard. Mild steel plates were coated with HCP, 
HVOF and CVD coatings and were subjected 

to 480-hour neutral salt spray tests. The HCP 
samples were badly corroded and were removed 
from test after just 288 hours’ exposure; HVOF-
coated samples showed heavy rust stains and 
the coating blistered due to intensive corrosion 
of the steel plate beneath; CVD samples showed 
only light staining.

• Galling prevention
The Hardide CVD coating’s galling resistance 
was tested using a Phoenix TE77 high-
frequency reciprocating test rig. The test uses the 
reciprocating dry sliding movement of a cylinder 
on a flat plate with loads gradually increasing from 
10 N up to 800 N — equivalent to 810.2 mega 

HARDIDE COATS WIRE MESH USED DOWNHOLE IN THE 

OIL AND GAS INDUSTRY

CROSS SECTION OF HARDIDE COATED WIRE MESH 

HARD CHROME AFTER 288 HOURS HVOF AFTER 480 HOURS

HARDIDE COATING AFTER 480 HOURS
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Another advantage of 

Hardide CVD coatings 

is their ability to retain 

surface finish in 

operation in abrasive or 

corrosive environments

Pascal (MPa) contact pressure — and monitors 
the coefficient of friction (CoF), where above 1.0 
indicates severe galling.

In comparison with a baseline control test using 
a stainless steel pin, which was stopped due to 
sample seizure after reaching critical 1.0 CoF 
quickly and with just a 65N load, when a CVD-
coated pin was tested against a coated plate, the 
dry friction coefficient remained low: stabilizing at 
around 0.2. Importantly, no galling was observed 
even under the test rig’s maximum load.

In contrast, the steady state dry friction 
coefficient of HCP was reported at 0.70+/-0.1, 
more than three times higher, with spray coatings’ 
dry friction range stated as 0.56 to 0.61.

• Sulfide stress cracking
The CVD coating was tested by Bodycote 
Materials Testing for resistance to aggressive 
media in accordance with the NACE standard 
(TM0177-2005 / ASTM G39) 30 Day Sulfide 
Stress Cracking Test. This test is performed in a 
solution of 5 wt% sodium chloride, 0.5 wt% acetic 
acid saturated with H2S. Samples were tested in 
deformed conditions with coating elongation up to 
3,000 microstrain. The uncoated control sample 
was 17/4pH SS, which is susceptible to stress 
corrosion cracking. During the test it cracked 
across the full 20mm width and experienced 
extensive micro-cracking and pitting. The CVD-
coated 17/4pH SS substrate showed no micro 
or macro-cracking or degradation. The testing 
also included coated Inconel 625 and 316SS and 
proved that the Hardide CVD coating process 
didn’t have a detrimental effect on those materials 
and that it protected the samples against 
aggressive media attack.

• Acid resistance
The Hardide CVD coating was tested alongside a 
tungsten carbide-cobalt (WC/Co) detonation coating 
for resistance to nitric acid. The Hardide coating 
sample turned yellowish due to slight surface 
oxidation, meanwhile its dimensions did not change 
and the weight loss was not measurable (less than 
0.001g). Its surface roughness remained at 0.10 
micron Ra: indicating it had not been attacked.

In the same test, the detonation coated sample 
changed colour to dark grey while the acid solution 
became a rose colour due to cobalt leaching. Its 
weight loss after 46 hours and 40 minutes was 
approximately 0.3g. Roughness changed from 
0.10microns Ra to 0.41 microns Ra after testing in 
20% acid because of metal binder leaching. After 
prolonged exposure, acid leaching of the metal 
binder leads to the loss of WC grains and the 
degradation of the coating.

• Hardness and wear resistance
The CVD material’s hardness has a big effect on 

its wear-resistance, and ASTM G65 wear tests 
– assessing material loss after 6,000 counter 
body rotation cycles with Silica sand – showed 
the Hardide CVD coating outperforms HCP 
by a factor of 13, various grades of HVOF by  
up to three times and uncoated steel by a factor 
of 250x.

An additional advantage of CVD tungsten 
carbide coatings is their non-abrasive quality 
for seals, bearings and other counter-body 
parts. HVOF and other thermal spray coatings  
can suffer from selective wear or leaching of  
the cobalt binder leaving hard tungsten carbide 
grains as sharp asperities, which are highly abrasive 
for seals. 

•  Toughness, resistance  
to impact and deformations

During micro and nanoscale testing, the Hardide 
CVD coating sample did not fracture after 100 
nano-impacts, and a diamond cube corner 
indentation failed to induce cracks. In neither test 
did the coating exhibit brittle behaviour, thus its 
fracture toughness exceeded the level that can be 
measured using commonly-used methods. This 
exceptional toughness is unusual among hard 
materials and coating which are normally brittle, 
and make the Hardide CVD coating suitable for 
applications involving impacts, parts deformation 
under high pressure, shock loads.

• Sand erosion
2.1% sand slurry erosion resistance tests 
performed with jet velocity: 24 m/s showed the 
Hardide CVD coating erosion rate is 125 times 
lower than stainless steel and 7x lower than HVOF 
85WC-10Co-4Cr. Sand slurry erosion is a major 
factor that limits the life of many critical parts of 
downhole and subsea equipment, electrical 
submersible pumps and valves.

• Fatigue resistance
Hardide CVD coating’s enhanced toughness and 
ductility, together with its uniform, virtually pore-
free micro structure and compressive residual 
stresses, give it enhanced fatigue performance.

In tests, it showed minimum fatigue debit 
ranging from 10+% to -10%, compared with 
HCP’s typical fatigue debit of -20%. HVOF 
has even higher debit of – 60% due to tensile  
stresses and porous multi-phase structure where 
inclusions and defects can become stress 
concentrators and crack initiation sites.

Hardide Coatings in Action  
with Oil and Gas Components
Hardide-T has been successfully deployed 
worldwide for over a decade. The coating has 
been extensively tested in applications where 
coated metal parts are working against seals 

made of metals, graphite, elastomers, PTFE and 
other polymers. The coating has proven to be 
seal-friendly – its hardness, wear-resistance and 
uniform structure helps maintain a non-abrasive 
surface finish – and has protected the metal parts 
from abrasive wear while also reducing the seal 
wear. Coating the metal seal surface reduces 
elastomeric seal wear.

Hardide-T is also widely used in drilling tools. 
In an application for one of the major global 
oilfield services providers, the coating increases 
the life of critical components three-fold. These 
components typically failed after 60 hours due 
to excessive wear. Hard coatings had proved  
too brittle and difficult to machine due to the 
complex part geometry and other coatings 
considered by the customer were not able to 
reach concealed surface areas. The Hardide 
coating solution has resulted in a significant 
reduction in interruptions to drilling as well as 
downtime and tooling cost savings.

Engineers can make considerable savings using 
Hardide-T to coat stainless steel components 
instead of opting for expensive and difficult to 
machine cemented carbide or nickel-rich alloys 
such as Inconel or Monel. With this switch, 
components exhibit similar corrosion properties  
as well as improved wear and erosion 
performance. One multinational oil and  
gas customer changed from Monel to coated 
stainless steel for an integral part of a directional 
drilling tool.

The Hardide CVD coating also helps customers 
cut inventory and associated costs; in one 
application it is used on an electrical submersible 
pump to reduce wear and combat corrosion and 
scaling in unconventional wells, rendering an 
additional severe service tool obsolete.

Investment in North America
Hardide Coatings has manufacturing facilities in 
the UK and USA. Strong demand from the oil 
and gas sector in North America has underpinned 
significant recent investment in coating process 
equipment and quality accreditation at the 
US site in Martinsville, Virginia. A third coating 
reactor has been installed and the facility is  
now certified to coat aerospace, defence and 
space industry components having received 
approval under the stringent AS 9100 Rev D  
quality management standard. This follows 
the award of the same certification to the UK 
production site in Bicester, Oxfordshire. The 
company also has ISO 9001:2015 certification 
and Nadcap aerospace approval.

Case Studies
DeltaTek
In 2018, Hardide Coatings provided a coating 
solution for a tool that can save oil and gas 
operators millions of pounds annually by 
extending drilling operations weather windows.

The Hardide-T coating was used on DeltaTek 
Global’s ArticuLock tool, which removes  
bending fatigue in subsea running tools and 
landing strings – increasing operable wave  
heights by 400% up to 4m.

The tool is a complex-shaped ball and socket 
pivot joint subjected to extreme loads of up to 
400 tonnes, 5,000 psi of working pressure and 
30,000ft.lbs of torque. A hard-wearing coating 
capable of uniformly coating complex geometries 
was needed for the alloy steel pivot joint body.

Hardide and DeltaTek worked together to 
achieve the necessary hardness, thickness and 
smooth finish through coating and polishing  
alone with no post-coat grinding. 

HARDIDE COATED BALL VALVES
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applications where 

coated metal parts 

are working against 

seals made of metals, 

graphite, elastomers, 

PTFE and other polymers

Master Flo Valve Inc
MFV needed a new coating solution for its choke 
valve stem assemblies, which are capable 
of operating in pressures up to 20,000psi 
and temperatures as high as 205OC/400OF: a 
requirement that eliminated other standard options.

Resistance to corrosion, erosion and wear 
resistance were also critical: the valves use a 
metal-to-metal primary stem seal system, so 
the surface finish has to withstand the wear of 
hundreds of choke cycles in subsea environments.

Working together, the two companies 
engineered a solution and Hardide-T is now used 
to hardface stems on the Master Flo P4-15K and 
P4-20K subsea bolted bonnet choke valves, all 
working as expected in the Gulf of Mexico.

Conclusion
In the hostile and harsh conditions synonymous 
with today’s oil and gas industry, the sector is 
increasingly looking for new economically-viable 
techniques to safely optimise hydrocarbon 
production from ever-more challenging geologies 
and geographies.

With that in mind, the Hardide CVD coating 
– an enabling technology – opens the door  
for advanced tool and component design 
in these extreme environments: helping the  
industry progress valuable projects and 
opportunities that were previously not feasible  
or economically viable.

DELTATEK’S ARTICULOK WITH HARDIDE COATED PIVOT JOINT BODY

Going Deep – The Growing 
Strain on Oil and Gas 
Production
Tom Cropper, Editor

Offshore oil and gas operators are under pressure to find more oil, but to do  

so without breaking the bank. Whether they achieve that or not may depend  

on how safe they can keep equipment. 

LIFE FOR corporations exploring the 
oceans for oil and gas is challenging. To 

keep up with demand they must access new 
and harder to reach reserves, but budgets are 
tight. The days of $100 per barrel seem like 
another age and, while prices have rebounded 
a little, it looks as though companies will have 
to operate at a much lower price point for the 
time being.

Price Gains 
As the global oil price has picked up, companies 
have begun to expand their deep-water 
exploration. At the time of writing, Brent Crude 
stood at $61.62 per barrel, after a 2% surge in  
the wake of possible sanctions from the US 
against Venezuela1. 

According to consulting firm Westwood, the 
number of risky deep-water wells increased from 
six in 2016 to nine in 2018, although only two – 
both in Guyana – made commercial discoveries. 
51 offshore projects were sanctioned in 2017, 
which was slightly down on the previous year. 
However, significant progress is expected in 2019 
with up to 90 final investment decisions (FIDs) 
being possible. Westwood believes the French 
firm Total will be particularly active in 2019. It plans 
to drill 22 deep-water wells, the highest total of 
any oil company2.  

BP recently announced that it had approved 
a $1.3bn phase-3 expansion in the Atlantis 
Field in the Gulf of Mexico and identified 
development opportunities around the hubs it 
currently operates. This approval comes after 
breakthroughs in advanced seismic imAgeing 
which helped it identify up to 400 million barrels 
of oil in place at the Atlantis Field3. 

In these more extreme environments, equipment 
faces a significantly increased risk of wear and 
tear. With operations opening up around the 
world, challenges will be faced such as corrosion 

from salt water, chemicals, abrasion, impact 
damage, severe weather, extreme heat and cold.

For those new rigs pushing into deeper 
waters, the risk of more adverse conditions 
is compounded by the isolated nature of the 
operation. Maintenance will be more difficult. 
Failures will take longer to repair and the costs 
of downtime will be higher. Shutdowns can cost 
millions, especially when they are unplanned as 
in approximately 90% of cases4. Investopedia 
estimates that the cost of offshore oil rigs can be 
15 to 20 times greater than land rigs5.

High Pressure  
and High Temperature
Deeper water will also see subsea components 
having to withstand much higher pressures. The 
Perdido oil platform, for example, lies under 8,000 
ft of ocean off the coast of Texas. It extracts oil 
from 22 oil wells and is connected to a 27-mile 
network of umbilical pipelines running along the 
ocean floor which connect to four risers that  
bring the oil to the surface. The platform itself is 
as large as the Eiffel Tower. It, and platforms like 
it, are engineering masterpieces and their fans 
would argue, could qualify as modern wonders 
of the world. 

Drilling for oil in a platform of this size, though, is 
immensely challenging. Exploration is moving into 
the realm of ultra-high-pressure wells. At these 
pressures, fluids will be subject to increasing heat 
and pressure. The higher temperature will reduce 
viscosity, but the higher pressure will increase it. 
Equipment will come into contact with increased 
levels of hydrogen sulphide, methane and other 
corrosive substances. Incidents become more 
likely and, when they do occur, can be more 
difficult and expensive to put right. 

This represents a significant problem because 
the ability of the industry to tap these deeper 
areas will depend on how safely and sustainably MICROSCOPE (SEM) OPERATIONS AT HARDIDE

Contact
Hardide Coatings, 11 Wedgwood Road, Bicester, Oxfordshire, OX26 4UL
Telephone: UK: +44 (0) 1869 353830   USA: + 1 (832) 491-4720
Email: info@hardide.com   Web: www.hardide.com
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Demand for oil continues 

to rise. For all the 

advances of renewables 

and alternative sources 

of energy, oil and gas 

remain central to the 

world’s energy needs

it can do so. Equipment failures are likely to 
become more common and downtime could be 
more expensive. 

At the same time, equipment used to drill at 
these depths may become heavier and complex. 
Many existing coatings struggle under extremely 
heavy loads and when attempting to coat 
complex shapes. 

Ageing Infrastructure 
Technology has helped to extend dramatically 
the life expectancy of major oil wells, which 
is an appealing prospect for oil companies 
for a number of reasons. Tapping new fields 
is expensive and dangerous, but so too is 
decommissioning. Extending the life of an ageing 
oil field allows companies not only to increase 
revenue from existing infrastructure but also 
postpones the cost of decommissioning rigs. 

Many offshore rigs are pushing far beyond 
their original life expectancy. Infrastructure and 
equipment are ageing and have a higher risk of 
failure. This creates a number of issues around 

worker safety, as well as the escalating cost of 
repairs and maintenance. 

This is an enormous challenge, but it’s one the 
offshore industry needs to find a way of meeting. 
Demand for oil continues to rise. For all the 
advances of renewables and alternative sources 
of energy, oil and gas remain central to the world’s 
energy needs. The price downturn has put a 
brake on offshore exploration and production 
which means the future of supply looks much 
less certain than it did a year or so ago. 

Times are challenging for the sector. A sluggish 
oil price means securing a profit from offshore  
oil exploration is becoming more difficult. 
Enhanced energy recovery techniques are  
putting additional strains on ageing equipment. 
With much of the world’s remaining oil resources 
lying at extreme depth, equipment must do more 
and withstand more than it has in the past. In 
order to access these reserves the industry will 
need to look at the way it protects equipment,  
and this is creating demand for a new generation 
of coating materials.

The Evolution  
of Coating Strategies 
Jo Roth, Staff Writer 

Effective coating and protection regimes will be crucial in keeping equipment  

safe and minimising down time, but getting it right can be a challenge. 

CORROSION, AND corrosion prevention, 
cost the offshore oil and gas industry 

billions every year, both in downtime and 
in measures manufacturers take to protect 
equipment. Improvements in operations, 
efficiency and technology have enabled the 
industry to operate effectively at a much lower 
price point than would have been the case just 
a few years ago. Even so, with global oil prices 
hovering around the $50-$60 per barrel mark, 
profit margins are tight and every operation is 
scrutinised for its cost. 

These pressures create risks. It’s worth 
remembering that it was a desire to control costs 
which led to corners being cut in the operation 
of the Deepwater Horizon oil rig. This occurred 
in an environment in which prices consistently 
topped $100 per barrel and, while the industry will 
doubtlessly hope that lessons have been learned, 
history tells us something different. When money 
becomes tight, the temptation to cut corners 
grows. In the battle to balance safety, performance 
and costs, operators will look for technologies 
which can do all three, and it is here that  
many conventional coating and repair techniques 
come up short. 

Shaping the Challenge 
When deciding on protection regimes, operators 
will have to consider the different challenges 
each component will face. Subsea and downhole 
equipment will come into contact with hazardous 
materials such as hydrogen sulphide, dissolved 
carbon dioxide and chlorides, which are present in 
fossil fuels. A sour service is more corrosive while 
the push into deeper water takes equipment into 
extremely high-pressure environments. 

Moving further from the shore takes operations 
into harsher weather conditions. They will face 
corrosive elements from the sea, the risk of 
impact damage and varying weather from extreme 
cold and ice to baking sun. Remote exploration 
operations will also suffer more from down time 
and repair. The environmental considerations 
should something go wrong could also be extreme. 

Greenpeace, for example, has argued that an oil 
leak similar to that which occurred in the Gulf of 
Mexico would be impossible to clean up if it were 
to occur in some of the proposed drilling sites in 
the Arctic Ocean6. 

Attempts to increase extraction also create a host 
of problems. Rigs are lasting much longer than 
designed. New tools can be designed for extreme 
operations such as horizontal and directional 
drilling. The injection of water or chemicals into 
wells to maximise hard to reach oil also puts 
additional strains on equipment which it may not 
have been designed for. 

Choosing the Right Protection 
The threats to rig integrity, therefore, are growing 
both in scale and complexity. Operators will look 
for solutions which can provide adequate levels of 
protection at a sustainable cost, but it appears not 
all of them can do this. 

One of the standard approaches for subsea 
repair has been weld cladding using Inconel. 
This might be regarded as a more affordable way 
of protecting equipment than using a high cost 
corrosion resistant alloy, but it has problems. 

It needs a surface with the right characteristics 
in order to be effective, but it takes time to 
implement, can be costly and involves pre  
and post heat treatment which affects structural 
integrity. Therefore, it can be used only a maximum 
of three times. 

Hard chrome had been used in the past, but 
it is being phased because of the carcinogenic 
chromium salts in the production process. Chrome 
plating can develop microcracks, which open 
a pathway for corrosive material to attack the 
substrate material. 

Using a High Velocity Oxy-Fuel (HVOF) thermal 
spray offers a more effective approach. This has the 
same protective properties as weld cladding, but it 
does not change the metallurgy of the surface. It 
involves only a small transfer of heat from the spray 
onto the surface which remains comparatively cool. 
There is no need for pre or post heat treatment, 
which results in shorter turnaround times. 

In these more extreme environments, equipment  

faces a significantly increased risk of wear and 

tear. With operations opening up around the world, 

challenges will be faced such as corrosion from  

salt water, chemicals, abrasion, impact damage,  

severe weather, extreme heat and cold

TREATMENT OF TSP DIAMONDS AT HARDIDE COATINGS
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When deciding on 

protection regimes, 

operators will have to 

consider the different 

challenges each 

component will face 

On the downside, though, it is a line of site 
deposition technique and is unsuitable for 
internal surfaces or complex structures. The final 
coating can be rough and porous and will require 
grinding, which also makes it inappropriate for 
intricate shapes. 

Tungsten Carbide offers extensive abrasion 
wear resistance. Unfortunately, it has faced 
a number of barriers thanks to the difficulty of 
attachment. It can lack density in seawater 
which means the base material can be prone to 
corrosion under the main layer which will then 
peel off. There is also considerable uncertainty, 
even among engineers, about the properties of 
Tungsten Carbide including how it performs in 
certain conditions. 

The Search for New Materials 
There has been a clear evolution in the 
performance, sophistication and environmental 

sustainability of coatings used in the offshore oil 
and gas industry and, while each of these has  
its advantages and can be appropriate for  
certain environments, they all have critical 
drawbacks. The evolution of the offshore drilling 
market brings offshore operators into contact with 
a much wider range of challenges than has been 
the case before.

Demand has been shaping developments 
and a new generation of tools and coating 
products is making its way onto the market. 
These, however, face a familiar obstacle in the 
form of an offshore sector which can be slow 
to embrace new concepts. The stakes are high  
and, when shaping their approach, drilling 
companies will need to understand the nature  
of the challenges, as well as the opportunities  
on offer from new technologies. We will explore 
some of the ways these are working in the  
next article.

Moving further from the shore takes operations  

into harsher weather conditions. They will  

face corrosive elements from the sea, the risk  

of impact damage and varying weather  

from extreme cold and ice to baking sun

Next Generation 
Coatings for the Next  
Phase of Oil Production
James Butler, Staff Writer 

Successfully taking innovation from the research stage to commercial application 

will be crucial to the future of offshore exploration and production.

HOW LONG will global oil supplies last? 
This is a difficult question to answer 

because it depends on so many different 
factors. Will the oil price be high enough to 
justify offshore exploration, will technologies 
continue to expand the amount of oil which  
lies within our grasp, can equipment be made 
to last well beyond its originally designed 
service life? The answers to all these questions 
may lie in how the market for protective 
coatings develops. 

Oil’s Remaining Lifespan 
One commonly reported statistic comes from BP 
who estimated that the world has 53.3 years of oil 
left7, but the chances are there’s more in the tank 
than that. Technology has consistently pushed 
back the point at which oil is predicted to run out. 
The world still has billions of barrels of oil reserves 
locked away in locations which, as yet, have not 
been touched, but could become accessible with 
new technology. 

Whether or not they can be tapped, though, will 
depend on factors which look decidedly uncertain, 
such as the direction of the global economy and 
the level of the global oil price. In recent years, 
that has been a major impediment to the offshore 
exploration market and many agencies have 
started to warn about the possibility of a global oil 
supply crunch. 

The International Energy Agency has warned 
about the possibility of a supply crunch while 
Total have said there may be one at the end of 
the decade8. Oil demand growth might be less 
of a certainty now than it used to be, but some 
predictions remain pretty bullish. Most forecasts 
expect peak oil demand to occur some time in the 
early 2030s and, when it does, it will be between 
10-15million BPD higher than current production9. 

Oil and gas exploration, therefore, could have a 
long and profitable history in front of it but, for that 
to happen, a way has to be found to tap those 

hard to reach oil fields and to extend their lifespan. 
Innovations are in development which may allow 
this to happen, but the key may well lie in whether 
equipment can be protected. 

Growth of Surface  
Coatings Market
The surface coatings market is growing rapidly 
and is projected to accelerate over the coming 
years. A study from Allied Research predicts the 
market to grow from its 2016 figure of $378 million 
to $620 million by 2023 growing at an annualised 
rate of 7.3%10. MarketWatch expects the Thermal 
Spray Market to grow by 8.5% CAGR until 202411. 

This growth will be fuelled by a number of factors 
including the need to extend the lifecycle of rigs 
and equipment, the desire to reduce downtime and 
allow for more in-situ repair, the emergence into 
commercial production of new technologies, and 
problems with existing coatings. 

The most common coating techniques all have 
their drawbacks and with the phasing out of hard 
chrome plating due to environmental concerns, the 
search is on for replacements. With new products 
coming to market, competition is high within 
this sector. As an analysis into the anti-corrosion 
market from Market Study Report demonstrates, 
increased competition may drive down the average 
price of sale12. 

Some providers will continue to push forward 
with existing technologies which are familiar to the 
offshore industry, but others are developing entirely 
new structures which offer superior performance 
across a range of metrics. 

The Rise of Nanotechnology 
To help in this next phase of oil exploration, the 
industry is paying close attention to nanotechnology. 
It is being deployed to help in a number of areas 
across the production cycle including: 
•  Enhanced oil production: The use of nano-

technology such as nano-robots which can 

HARDIDE QUALITY CONTROL
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monitor and report on well conditions is 
increasing production from existing wells. 

•  Energy loss: Products such as Nansulate have 
been shown to reduce heat loss and improve 
efficiency. 

•  Real-time analytics: Nano particles and 
sensors can provide real-time analytics of 
equipment condition. 

•  High performance lubricants: Nanoparticles 
have been used successfully to create high 
performance anti-wear lubricant oils. 
It is in surface protection, though, that 

nanostructured coatings could be crucial. This 
family of coatings are crystallised atom by atom 
to produces a smooth and uniform coating free of 
pores. This is because it can fill micropores and 
defects as it bonds. It uses a chemical vapour 
dispersal process rather than physical vapour 
dispersal on which others rely. The gas phase of the 
CVD process makes it possible to coat both internal 
surfaces and highly complex or irregular shapes. 
The overall characteristics of the coatings can 

be varied to produce versions of nanostructured 
products to suit different environments. 

This addresses a key gap in the market. Many 
coatings such as high velocity oxy fuel (HVOF) 
coatings can deliver a hard layer but will struggle 
to cover internal surfaces. Those which do, such 
as some of the electroplating methods, are more 
effective at internal surfaces but have low hardness 
and poor wear resistance properties. 

Nanostructured coatings, therefore, tick many 
of the boxes the industry is looking for. They are 
hard and resistant to abrasion, but at the same 
time can coat internal and complex surfaces. 
They are more environmentally friendly and can 
be applied relatively quickly reducing the time and 
cost of application. While other coatings suffer from 
flaws which can increase the risk of unexpected 
failure, fugitive emissions and repair downtime, 
these materials deliver high performance across 
a range of different applications. The more they 
are used in the field, the more they demonstrate 
their effectiveness.

Oil and gas exploration, 

therefore, could have 

a long and profitable 

history in front of it but, 

for that to happen, a way 

has to be found to tap 

those hard to reach  

oil fields and to extend 

their lifespan 

Nanostructured coatings, therefore, tick many  
of the boxes the industry is looking for. They are  
hard and resistant to abrasion, but at the same  
time can coat internal and complex surfaces

Innovation and 
Collaboration: The  
Future for Offshore Oil
Tom Cropper, Editor

New tools, new coating surfaces and collaboration between developers –  

how technology is unlocking the future of offshore oil and gas production. 

SINCE THE price crash of 2014, the offshore 
oil and gas industry has defied many of 

the bleaker projections. Offshore operations 
have continued and although exploration 
slowed, drilling companies have managed 
to adapt to make exploration financially 
sustainable at this lower price point.

Maintaining Operations  
in Severe Weather 
Moving into deep water brings equipment into 
contact with increasingly hazardous weather 
conditions. Rough seas can limit the amount of 
time operations can continue, which inevitably 
impacts on profitability. Trials of a new tool named 
ArticuLock developed by DeltaTek Global have 
shown that operations can continue in more 
adverse weather conditions as Malcom Banks, 
Well Construction Solutions Manager at the Oil & 
Gas Technology Centre explains. 

“In our industry, when on a drilling rig, we run big 
pieces of subsea equipment through the rotary 
table we usually have to rely on quite benign 
weather conditions and this tool brings the level 
of articulation required to run these operations in 
adverse weather conditions13.”

The idea was to trial the equipment in the types 
of environment in which it is going to be used to 
deliver accurate metrics on how it will perform 
when put to use in the future. The trial saw tension 
being put through ArticuLock in water bags. Using 
rig and induced motion, the ArticuLock was 
swung to demonstrate that it could withstand 
adverse conditions sufficiently to take it on to 
commercial deployment. 

Key to this is one component of the tool – a 
12.5” x 6” pivot joint comprises a ball and  
socket that can be subject to extreme loads of 
up to 400MT, 5000psi of working pressure and 
30,000 ft.lbs of torque while operating in severe 
weather conditions. 

The high wear and extreme operating conditions 
required a coating for the joint body which is 
manufactured in AISI 4330V alloy steel, but this 
presents a very specific challenge. The ball of the 
pivot joint body contains complex geometry which 
makes it extremely difficult to coat. 

Nanostructured Coatings
To solve the problem, the developers used 
Hardide CVD (chemical vapour deposition) 
tungsten carbide-based coating, because it can 
coat internal and complex surfaces with a smooth 
and uniform surface finish without the need for 
post-coat grinding14. 

This has enormous benefits to the customer. 
Waiting on the weather in the North Sea can 
cost operators £400 million every year. As these 
trials show, the ArticuLock managed to extend 
the operating window for the rig delivering a cost 
saving which can be passed on to the end user. 

The project also demonstrated the value 
of collaboration. Innovation can be found 
everywhere, but as exploration moves into 
deeper areas, it is exposing itself to a host of  
new challenges. Each project will encounter a 
unique set of problems, and the answers will 
often be unknown. 

All parties involved will have to come together 
to configure appropriate solutions. With the 
ArticuLock project, the tool’s developer, DeltaTek, 
had to work closely with Stena Drilling in designing 
a solution to meet their major challenges of 
extending operational windows in certain weather 
conditions. They also had to work with Hardide 
Coatings to ensure that they could provide a hard 
coating which could be applied successfully to 
the unique geometry of the ArticuLock tool.

Future Advances 
This project also showcased some of the 
different requirements being placed on advanced 

PRECISION MEASURING AT HARDIDE COATINGS
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coatings. They must do many things: they need 
to be hard wearing, capable of coping under 
extreme loads, resistant to corrosion, capable 
of providing durable and solid seals and be 
able to be applied to internal non-line of sight 
surfaces. The demands are growing, and most 
conventional products are less than ideal.  

Hardide’s low temperature CVD coating offers 
a unique combination of abrasion, corrosion 
and chemical resistance, which makes it ideal 
for highly demanding environments. Because it 
is applied at a much lower temperature, it delivers 
a more flexible coat which means it can cover 
internal (out of sight) surfaces and complex 
shapes such as the joint of the ArticuLock. It 
uses an innovative metallic tungsten matrix 
with dispersed nano-particles of tungsten 
carbide to create a material which is a dramatic 
improvement over and above other hard-facing 
coating technologies. 

It is harder, with a 12-fold superior abrasion 
resistance compared to chrome plating and 
500 times that of Inconel. It can withstand 3,000 
microstrain of deformation – a level which would 
crack most other coatings – without any damage. 

It has a super smooth finish as applied, but it 
can be super finished to 0.02 microns, eliminating 
the need for post-coat grinding, which improves 
speed and cost and means it can coat complex 
shapes which may otherwise have been 
impossible. As it corrodes, it retains that finish 
and, in some cases, the surface even improves. 
This can be particularly applicable for solutions 
such as bearings, as it ensures the coat remains 
smooth even during use, maintains quality and 
stays seal-friendly. 

Enabling New Tools 
In addition, Hardide Coatings also offer 
Hardide-D, a pore-free tungsten carbide-
based adhesive and protective coating which 

achieves something which has hitherto been 
extremely difficult- the coating of industrial TSP 
diamonds. This is the first coating of its kind and 
can withstand the extreme temperatures of TSP 
brazing on extreme mechanical loads, which 
come with drilling operations and aggressive 
media conditions. 

Until now diamonds had been extremely difficult 
to attach and are prone to oxidation – something 
which had limited their use in hard-facing 
applications. Other coatings have weak adhesion 
properties and were porous, but Hardide-D 
overcomes this by achieving a chemical bond 
with the diamond. 

This opens up a whole new generation of 
tools which can produce further advances in  
extreme environments such as horizontal and 
directional drilling. These coatings, therefore,  
can not only improve protection for existing 
equipment but also unlock the potential of new 
and more advanced components. 

Growing Awareness
New tools and technologies such as these unlock 
all sorts of potential. What’s standing in their way 
is a natural caution on the part of the oil industry 
and a misunderstanding about the nature of 
the technology. The makers of ArticuLock, 
for example, are a start-up and will have to  
earn their reputation in the industry. Hardide 
Coatings, meanwhile, has a much more 
established position in the marketplace, but 
 the development of new technologies can still 
present challenges. 

Innovation also requires education. Operators 
will need to be aware of the technology which 
is already out there and how it could potentially 
improve their operations. If they do, it creates  
an opportunity to maintain sustainable oil  
and gas production in more extreme and 
demanding environments. 

Waiting on the weather  

in the North Sea can  

cost operators £400 

million every year. As 

these trials show, the 

ArticuLock managed 

to extend the operating 

window for the rig 

delivering a cost saving 

which can be passed  

on to the end user TSP DIAMONDS ON A HARDIDE COATINGS REACTOR 
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