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Within the universe of wear resistant thin films, dia-
mond-like carbon (DLC) coatings have emerged as the 
ideal solution for demanding physical applications where 
components are under high loads or subject to extreme 
friction, wear and contact with other parts.  In these types 
of environments, only the high hardness of a DLC coating 
– along with a corresponding low coefficient of friction – 
can prevent parts from pitting, galling, seizing and ulti-
mately failing in the field.

The widespread applications for DLC coatings 
include performance automotive and racing 
to wind turbine shaft bearings and plane-
tary gears; stainless steel cutting blades and 
piston pumps for food processing; and sliding 
components in filling and bottling operations.  
The coatings are also a proven technique for 
upgrading critical rotating parts in hydraulic 
drives, fuel injection systems, mechanical 
seals, pumps and valves.

For many, DLC Coatings are hydrogenated 
amorphous carbon (a-C:H) coatings, but this 
is a misconception.  Coatings within the DLC 
family can be highly engineered based on 
hydrogen content (hydrogenated or hydro-
gen-free), the selection of additional metallic 
and non-metallic doping elements, the pres-
ence of sub-layers and choice of deposition 
and bonding methods.

Together, these factors can be precisely con-
trolled to create a broad range of thinly ap-
plied (typically 1 to 5 μm) DLC coatings with a 
hardness of 8 – 80 GPa or higher (diamond is 
the hardest known material at 70–150 GPa).  
In addition, the desired coefficient of friction, 
surface finish and even application tempera-
ture can also be manipulated.

Because of the broad range of customizable 

attributes possible within the category, DLC coatings can 
play an important role in component engineering from the 
earliest steps of the design process.

“A coating is very much a sophisticated design element 
with highly engineered properties, says Dr. Florian Rovere 
of Oerlikon Balzers, a company that produces specialized 
DLC coatings for components in North America and all 
over the world. “The properties can be tailored very specif-
ically to meet the performance requirements of different 

Diamond-like Carbon (DLC) Coatings: 
Family of Coatings Stands Ready to Meet the Challenges 

of Most Demanding, High Wear Applications
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operating conditions. As such, coatings should not be a 
design afterthought but a critical element of how a com-
ponent is initially engineered to fully utilize possibilities for 
maximum system performance.”  

Hydrogenated amorphous carbon coatings
The most widely known DLC coating type, hydrogenated 
amorphous carbon (a-C:H), is most often applied through 
plasma-assisted chemical vapor deposition (PACVD). This 
deposition method causes a chemical reaction through 
plasma excitation and ionization that creates a coating 
hardness of approximately 15-30 GPa, which is on the 
lower end of the DLC family.

However, a hydrogenated amorphous carbon coating can 
be manipulated further through doping, which is a process 
of adding chemical elements to alter the performance 
properties.  Silicon, oxygen or metals can all be used as 
doping elements to achieve different results.  

When a lower coefficient of friction is required for mated 
or sliding parts, or to assist in releasing items from cavities 
or molds, silicon doping can be a suitable approach. This 
creates an a-C:H:Si coating with a coating hardness of 
15-20 GPa. With silicon and oxygen- doping high electrical 
resistivity and chemical inertness can also be achieved.  

The applications for this type of DLC coating include com-
ponents subjected to sliding wear resistance or those that 
require a surface with greater lubricity.  Silicon-doped DLC 
coatings are often applied to plastic injection molds and 
ejector pins, blow molding parts and semiconductor wafer 
handling equipment.

All of Oerlikon Balzers’ DLC coatings are biocompatible 
and food-safe which make them an ideal solution for med-
ical instruments and food processing.  

“One of our clients in food processing changed the recipe 
for the crackers they produced to make them healthier 
for the consumer,” explains Rovere. “They were using an 
a-C:H DLC coating to make the punches and dies more 
wear resistant, but it started to stick more after the recipe 
changed and created some issues. We were able to solve 
the problem with another option, BALINIT DYLYN, which is 
a DLC coating doped with silicon and oxygen.

There are other coating architectures as well.  When 
doped with tungsten, a more ductile tungsten carbide 

carbon (Me-C:H) coating is created that is ideal for gear ap-
plications, ball bearings and power transmission systems 
that are subjected to high surface pressure and where 
run-in of parts may be required.  On the other hand, if a 
harder surface is required, Rovere says chromium can be 
used instead of tungsten.

Hydrogen-free DLC coatings
An alternative to hydrogenated DLC coatings is a family 
of hydrogen-free based coatings that provide even higher 
hardness along with a very low coefficient of friction.

These coatings can be applied in the most demanding 
environments, including high performance vehicles for 
high friction, wear and contact areas of the engine and 
valve train.  The coating can be used on the fuel injection 
system, camshaft, piston pins, valves, lifters and finger 
followers, where there is high contact pressure and sliding 
speeds.  In addition to vehicles, the coating is ideal for use 
for hydraulic pump parts, mechanical seals and high-pres-
sure valve components. 

Most hydrogen-free coatings are applied using a method 
of physical vapor deposition (PVD) by arc evaporation 
which produces tetrahedral amorphous carbon, or ta-C.  
With a high level of tetrahedral bonds (mostly 50-60%), 
substantially higher abrasive wear resistance is achieved 
compared to a-C:H alternatives.  

With a typical hardness up to 60 GPa, ta-C coatings are 
an excellent choice for components that are exposed to 
extreme operating forces over the long-term, including 
shafts and seals that must work in tribological environ-
ments where friction can cause them to overheat and fail.

The challenge historically with hydrogen-free coatings 
and with ta-C deposition in particular, is that the appli-
cation process produces small droplets that contribute 
to a rougher surface finish.  As a result, coating manu-
facturers must complete secondary polishing processes 
to smoothen the surface. Because of its hardness, it is a 
time-consuming and expensive process the requires spe-
cialized equipment.

To address this concern, some hydrogen-free DLCs are 
produced using a filtered cathodic arc deposition method 
in which an electromagnetic filter removes most droplets. 
Although this creates a smoother surface, a secondary 
polishing step is still often required, and process times are 
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longer for the same coating thickness. 

When an even smoother surface is required, hydro-
gen-free DLC coatings can be applied utilizing a propri-
etary Scalable Pulsed Power Plasma (S3p) technology 
developed by Oerlikon Balzers.

S3p is a unique type of High Power Impulse Magnetron 
Sputtering (HiPIMS) technology, which can be seen as 
combining the advantages of the arc evaporation and 
sputtering methods. The very dense plasma yields hard 
coatings with high adhesion (at a level comparable to arc 
evaporation). At the same time, it results in smooth coat-
ings due to the nature of the sputtering process, in which 
atoms are ejected from a target or source material.

The coating is applied at relatively low temperature, well 
below 200 degrees Celsius as compared to up to 350 de-
grees for other DLC coatings, which enables its application 
to a much wider panel of materials, effectively bonding to 
aluminum and steel substrates.

Hydrogen-free DLC coatings applied using the S3p process 
BALIQ CARBOS include tribological applications, high-end 
decorative parts, medical instruments and other small, 

precision tools. 

At the top end of the 
scale are diamond coat-
ings applied by a CVD 
process (chemical vapor 
deposition) in both mi-
cro and nanocrystalline 
options that are rated at 
80-100 GPa. Such coat-
ings are mainly used for 
highly specialized tools 
for cutting demand-
ing materials such as 
carbon reinforced fiber 
materials and do not 
offer the benefit of low 
friction any more. 

Coating as a design 
element
Given the number of 
variables involved with 
DLC coatings, Rovere 
says it is important that 

OEMs better understand the range of options so they 
can select the ideal solution for the application while also 
taking into consideration the economics.

“Coatings are effectively an architecture of layers engi-
neered to achieve specific properties,” said Rovere. “A 
coating is built layer by layer focused on bonding, hard-
ness and the surface. By modifying the properties of each, 
we can create an extremely wide range of surface solu-
tions within the DLC coating family.”

“By applying components with DLC coatings, not only is 
the surface hardness and durability increased, but essen-
tial parts are far less likely to fail, if at all,” adds Rovere.  
“As a result, maintenance and unexpected downtime is 
drastically reduced, even in the most demanding environ-
ments with high friction, wear and contact pressure.”

For more information on Oerlikon Balzers and their family 
of DLC surface solutions, please visit https://www.oer-
likon.com/balzers/us/en/portfolio/balzers-surface-solu-
tions/    •
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Automated wastewater treatment systems help  
manufacturers remain in compliance with EPA and 
local standards, while significantly reducing the cost 

of treatment, labor and disposal

Industrial facilities must meet EPA and local waste-
water requirements for effluent, including those 
under the Clean Water Act.  Failing to do so can 
result in severe fines that quickly escalate.

Although the type of industry and specific opera-
tional practices determine the type of wastewater 
generated, most involve suspended solids, heavy 
metals, organic compounds or a variety of other 
pollutants.  Under the Clean Water Act, for exam-
ple, the EPA has identified 65 pollutants and class-
es of pollutants as “toxic pollutants”, of which 126 
specific substances have been designated “priority” 
toxic pollutants.  

For many facilities, this means installing a wastewater treatment system that effectively separate the contaminants from 
the water so it can be legally discharged into sewer systems or even re-used. 

However, traditional wastewater treatment systems can be complex, often requiring multiple steps, a variety of chemi-
cals and a considerable amount of labor.  Even when the process is supposedly automated, too often technicians must 
still monitor the equipment in person.  This usually requires oversight of mixing and separation, adding of chemicals, 
and other tasks required to keep the process moving.  Even then, the water produced can still fall below mandated 
requirements.

Although paying to have industrial wastewater hauled away is also an option, it is extraordinarily expensive.  In contrast, 
it is much more cost effective to treat the industrial wastewater at its source, so treated effluent can go into a sewer and 
treated sludge passes a TCLP (Toxicity Characteristics Leaching Procedure) test and can be disposed of as non-hazard-
ous waste in a local landfill.

Fortunately, complying with EPA and local wastewater regulation has become much easier with more fully automated, 
wastewater treatment systems.  Such systems not only reliably meet regulatory wastewater requirements, but also sig-
nificantly reduce the cost of treatment, labor and disposal when the proper Cleartreat® separating agents are also used.

Cost-Effective, Automated Wastewater Treatment
In contrast to labor-intensive multiple step processes, automated wastewater treatment can help to streamline produc-
tion, usually with a one-step process, while lowering costs at industrial facilities.

An automated wastewater treatment system can eliminate the need to monitor equipment in person while complying 
with EPA and locally mandated requirements.  Such automated systems separate suspended solids, emulsified oil and 

Achieving Water Authority Compliance with 
Automated Wastewater Treatment
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heavy metals, and encapsulate the contaminants, produc-
ing an easily de-waterable sludge in minutes.  The water is 
typically then separated using a de-watering table or bag 
filters before it is discharged into sewer systems or further 
filtered for re-use as process water.  Other options for 
de-watering include using a filter press or rotary drum vac-
uum.  The resulting solids are non-leachable and are con-
sidered non-hazardous, so will pass all required testing.

These systems are available as manual batch processors, 
semi-automatic, automatic and can be designed as a 
closed loop system for water reuse or provide a legally 
dischargeable effluent suitable for the sewer system.  A 
new, fully customized system is not always required.  In 
many cases, it can be faster and more cost effective to 
add to or modify an industrial facility’s current wastewater 
treatment systems when this is feasible.

However, because every wastewater stream is unique to 
its industry and application, each wastewater treatment 
solution must be suited to or specifically tailored to the 
application.  The first step in evaluating the potential cost 
savings and effectiveness of a new system is to sample the 
wastewater to determine its chemical make-up followed 
by a full review of local water authority requirements.  The 
volume of wastewater that will be treated is also analyzed, 
to determine if a batch unit or flow-through system is re-
quired.  Other considerations include the size restrictions 
so the system fits within the facility’s available footprint.

An example of successful automated wastewater treat-
ment involves one of the largest independent corrugated 
manufacturers, which processes over 8 million sq. ft. of 
corrugated packaging and displays per day.  The corru-
gated manufacturer required more efficient treatment of 
wastewater that is generated from the washdown of its 
flexographic printing presses that use various inks in the 
manufacturing process.  

For this, the corrugated manufacturer turned to an 
EconoFlow fully automated wastewater system as well as 
Cleartreat separating agent from Sabo Industrial Corp., a 
New York-based manufacturer, distributor and integrator 
of industrial waste treatment equipment and solutions, 
including batch and fully automated systems, Cleartreat 
separating agents, bag filters, and accessories.  
The system included a high-volume flow-through mix unit, 
large capacity feed hopper, bag housing for solids re-
moval, self-indexing dewatering table, and final polishing 
vessels.  Sensors ensure proper material flow and opera-

tion, and onscreen audio-visual alerts indicate if anything 
requires attention.

However, instead of typical labor-intensive in-person 
monitoring of equipment, to correct a problem the mix 
chambers’ motors are controlled electronically by Human 
Machine Interface (HMI) and can be remotely adjusted, 
along with the mix motor speed, and powder feed by Sabo 
Industrial.  The industrial wastewater equipment provider 
can utilize the equipment’s integrated webcams as needed 
to view the mixing chambers for flocculant formation, floc 
structure, color and water clarity.  Remote access also 
enables viewing alert conditions on the touchscreen and 
provides the ability to reset the machine, if needed.  

Separating Agents
Despite all the advances in automating wastewater 
treatment equipment any such system requires effective 
separating agents which agglomerate with the solids in 
the wastewater so the solids can be safely and effectively 
separated out. 

Because of the importance of separating agents for waste-
water treatment, Sabo Industrial uses a special type of 
bentonite clay in a line of wastewater treatment chemi-
cals called ClearTreat.  This line of wastewater treatment 
chemicals is formulated to break oil and water emulsion, 
provide heavy metals removal, and promote flocculation, 
agglomeration and suspended solids removal.

Bentonite has a large specific surface area with a net nega-
tive charge that makes it a particularly effective adsorbent 
and ion exchange for wastewater treatment applications 
to remove heavy metals, organic pollutants, nutrients, etc.  
As such, bentonite is essential to effectively encapsulate 
the materials.  This can usually be achieved in one-step 
treatment, which lowers process and disposal costs.

In contrast, polymer-based products do not encapsulate 
the toxins, so systems that use that type of separating 
agent are more prone to having waste products leach back 
out over time or upon further agitation.

In the case of a heavy equipment dealer with six locations 
in New York and Connecticut, an EconoFlow wastewater 
treatment system using a bentonite-based ClearTreat for-
mulation was required for wastewater created by equip-
ment washdowns.  The wastewater contained oil, grease, 
suspended solids, heavy metals, and cleaning agents.
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WE HAVE THE 
ROPE TO GET 

THE JOB DONE.

800-358-7673                www.bucrope.com

For the application, Sabo Industrial supplied an EconoFlow 
10-gallon per minute unit, which included a 24-bag filter 
tank, a single stage bag filter housing, final polishing vessels, 
and an 850-gallon storage tank for water reuse.  The system 
also has HMI capabilities that allow remote monitoring and 
adjustment of the equipment as needed.  The system pro-
vides reliable, one-step wastewater treatment, and legally 
dischargeable or reusable effluent.

Today’s automated systems along with the most effective 
Cleartreat separating agents can provide manufacturers 
with an easy, cost-effective alternative so they remain com-
pliant with local ordinances and the EPA.  Although there is 
a cost to these systems, they do not require much attention 
and can easily be more economical than paying fines or 
hauling.

For more information, call 845-562-5751; Fax: 845-562-5909; 
email: info@saboindustrial.com; visit http://saboindustrial.
com; or write to Sabo Industrial at 2 Little Britain Road New-
burgh, NY  12550.

www.saboindustrial.com    •

http://www.bucrope.com
http://www.wooster-products.com
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Setting the Pace for Advanced 
Cooling Tower Performance



A variety of “Engineered Plastic” cooling tower models are 
leading the way to future standards in industrial cooling 

tower design and construction.

There are a number of issues that continue to confront 
cooling tower manufacturers as well as industrial users 
who rely on cooling towers to protect and control their 
production processes. 

As the demand for cooling towers continues to grow, es-
pecially in heavy industries including oil and gas, chemi-
cal, metalworking, plastics, food and beverage, as well as 
pulp and paper, the need to solve these issues becomes 
increasingly important. Among them: lost production 
from unplanned cooling tower downtime, expensive and 
frequent maintenance, increasing energy costs, as well 
as environmental and health concerns - including legio-
nella (the bacteria that causes the often-fatal Legion-
naires Disease).

For many industrial operations, successfully addressing 
these issues calls for an examination of recent advance-
ments in cooling tower technology. At the forefront of 
the industry is the transition from traditional metal-clad 
towers to those made out of engineered plastic. These 
high-density polyethylene (HDPE) towers offer excep-
tional durability, significantly less maintenance, and an 
easier and quicker installation.

HDPE cooling tower technology is also environmentally 
friendly due to lower water treatment requirements as 
well as improved water conservation, substantial energy 
savings and other “green” benefits. In addition, recent 
designs are now incorporating antimicrobial properties 
into the resins, greatly reducing or even eliminating the 
threat of outbreaks from Legionnaires Disease – which 
often originate in cooling towers. 

In total, cooling towers composed of advanced engi-
neered plastic are setting the pace for the industry. The 
question is, can cooling tower users who remain married 
to the conventional galvanized or even stainless-steel 
paradigm manage to keep up with that pace? History 
suggests that it will be difficult.

Tough customer
While the transition to HDPE is under full swing now, the technology is not exactly new. In fact, the first 
HDPE cooling tower models are several decades old with many of the original towers still in use - some 
40 years later. The technology was pioneered by Delta Cooling Towers (www.deltacooling.com) and 
one of the earliest adopters of the breakthrough design was Ted Alan, founder of Industro Systems, 
Inc. in Ventura, California. 

http://www.deltacooling.com
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Back in 1981, Alan was in the water treatment chemical business exclusively, often servicing the grow-
ing fleet of cooling towers that were popping up across Southern California. He immediately recog-
nized some of the advantages his customers could realize by utilizing an engineered plastic tower over 
“conventional” galvanized sheet metal designs. 

Fast forward to today and Industro Systems has successfully outfitted over 100 different companies 
across the Southland with engineered plastic cooling tower technology – servicing a range of indus-
tries. 

“I admit, in the beginning there was hesitation from some customers who weren’t sure how plastic 
could be more durable than metal.”

This doubt led Alan to a novel way of demonstrating just how durable engineered plastic could be. 
Upon each visit with prospective customers, he would bring along an ax and a small piece of plastic 
from the Delta tower, “in case someone wanted to take a few whacks.” 

More than a few of his customers took him up on the challenge, but not a single one was able to break 
through. 

“Over the years, HDPE made me a lot of happy customers,” he says. “Not only did they respond perfect-
ly with our water treatment chemicals, but they are completely unaffected by environmental factors 
like salt air or all the corrosive elements found at industrial sites.”
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Lean and green
While the degree of “greenness,” or sustainability, continues to be a major concern, HDPE checks 
that box too. They actually are beneficial to both the environment and a company’s bottom line. New 
modular units are equipped with smaller, 60-inch direct-drive fans, so the energy consumption is far 
less. Additional options include VFDs (variable-frequency drives) which offer even more savings. Some 
operations have calculated the total electric power energy savings to be more than 40 percent. 

Moreover, due to the fact that HDPE cooling towers do not leak, as is a common complaint with stan-
dard metal-clad units, users save on both water usage and treatment chemicals. 

A healthier system
One of the fastest growing concerns for cooling tower users is the threat of outbreaks – including Le-
gionnaires disease - and the liability issues that accompany them. 

The Centers for Disease Control and Prevention (CDC) determined that cooling towers are breeding 
grounds for Legionella, even when disinfected and properly maintained. In a recent study from the 
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CDC, 84 percent of cooling towers inspected contained Legionella DNA, indicating that the dangerous 
bacteria that causes a severe, even fatal type of pneumonia were present or had been at some point.

It was just recently that cooling tower manufacturers started addressing this issue by infusing anti-
microbial protection into the cooling tower material. Unlike metal, plastic can be manufactured with 
special antimicrobial resins that are fully compounded into the base cooling tower structural material 
as well as the casing, fill and drift eliminator. When coupled with consistent water treatment, this effec-
tively eliminates microbial growth.

More choices, easier installation 
In the past, plastic cooling towers were too small for many industrial processes, making galvanized 
metal cooling towers virtually a “given” for most applications above 250 tons. Processors requiring 
high-capacity cooling were forced to build custom-designed, field-erected towers often at a high cost in 
labor and materials.  
 
Today, that situation has changed dramatically. Some manufacturers that offer HDPE cooling towers 
have introduced modular options that can be strung together to meet the needs of some of the largest 
operators. An added benefit for users that choose the modular design is the ability to simply add mod-
ules increasing the cooling capacity as the facilities needs increase.

These cooling towers are also shipped to the site factory assembled, which ensures a much shorter 
installation process - minimizing downtime, labor, and on-site fabrication costs. 

“With the trouble-free durability HDPE provides, chances are this type of cooling tower could be the 
last one you purchase,” Alan concludes. “That along with all the other issues HDPE solves has to appeal 
to everyone.”

For more information, contact Delta Cooling Towers, Inc.; (800) 289-3358; email: sales@deltacooling.
com; or visit the web site: www.deltacooling.com    •
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