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A MATERIAL DIFFERENCE: 

WHY A METAL 
MANUFACTURER 
OPTED FOR 
PLASTIC IN 
COOLING TOWER 
UPGRADE

In process cooling, 
few applications 
push the limits quite 
like powder metal 
sintering. (Courtesy: 
ProChemTech)
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Case study: Sintered metals plant finds long-term reliability and 
cost savings by replacing corrosion-prone metal towers with 
corrosion-proof engineered plastic.
By GREG RANKIN

n powder metallurgy, material selection is everything. 
Choosing the right alloy determines whether a compo-
nent will deliver reliable and long-term performance 
under intense environmental conditions such as high 

heat, extreme pressure, or excessive wear. A miscalculation can 
result in increased maintenance needs, premature failures, and costly 
downtime for end users.

The same principle applies to cooling towers. These systems are 
essential to industrial operations, constantly regulating heat loads 
to keep processes running smoothly. The material used in their con-
struction plays a critical role in determining reliability and longev-
ity. Many towers are built from galvanized metal, which is highly 
susceptible to corrosion and rust. Over time, this can result in greater 
maintenance demands, unplanned downtime, and expensive repairs.

For one sintered metals facility in western Pennsylvania, the deci-
sion to break away from traditional metal cooling towers was driven 
by both necessity and experience. Faced with unique high-tempera-
ture cooling needs and the financial burden of repeated replacements, 
the plant opted for high-density polyethylene (HDPE) engineered plas-
tic for its most recent upgrade.

THE HEAT IS ON 
In process cooling, few applications push the limits quite like powder 
metal sintering. Inside a sintering furnace, temperatures in the high-
heat zone can reach several thousand degrees Fahrenheit. The process 
bonds and shapes metal particles using heat and pressure without 
fully melting the material. This controlled fusion creates strong, pre-
cise parts while maintaining the desired material properties.

At the Pennsylvania facility, the water leaving some furnace zones 
is nearly boiling, requiring a specialized cooling system.

“They have a unique setup with hot and cold wells to manage those 
temperatures,” said Timothy Keister, chief chemist and head of the 
performance chemical division at ProChemTech.

Here’s how it works: Hot water from the furnaces flows into a hot 
well and is then pumped to the top of the cooling tower. After it is 
cooled, the water is stored in a cold well before being recirculated 
back to the furnaces. At the same time, the cold well water is con-
tinuously overflowing at a set rate into the hot well to decrease the 
temperature of the water going to the cooling tower.

“We call this a quench circuit, and it keeps temperatures below the 
melting point of the tower’s internal fill,” Keister said.

Due to these extreme operating conditions, the system operates 
with an unusually high temperature differential. Water enters the 
cooling tower at roughly 105°F and exits at 85°F — a much larger ΔT 
than the typical 10°F seen in many industrial cooling applications.

With this kind of heat load, reliability is critical. While some facili-
ties have emergency city water backups to prevent catastrophic fur-
nace damage, if the cooling system fails, production stops.

“There’s a lot riding on these towers,” Keister said. “Downtime is 
not an option.”

STRONGER BOND FORMED WITH HDPE
For decades, galvanized metal has been the default material for cool-
ing towers. While it can perform well in certain environments, metal 
is vulnerable to a range of chemical and mechanical stresses that 
limit its lifespan.

“With galvanized steel, you have to be very careful with your 
water chemistry,” Keister said. “If the pH goes above about 8.2, you 
get what’s called white rust. That eats the galvanized coating right 
off, leaving bare metal exposed, and corrosion sets in very quickly.”

Keister has personally witnessed metal towers disintegrate in as 
little as five years, and most fall in the 10- to 15-year range. 

Even stainless steel, often viewed as the premium option, is not 
invincible. In areas with high chloride levels, operators risk chloride-
stress corrosion cracking, especially at points where the metal has 
been bent or formed. In some cases, chlorides and certain chemical 
additives can react to form chlorine, which aggressively attacks stain-
less surfaces.

“I’ve seen stainless towers develop pinholes through the bottom 
within just a couple of years if the water chemistry is not just right,” 
Keister said.

I

HDPE cooling towers have steadily gained ground in industrial applications 
because of their ability to solve many of the challenges that plague metal tower 
designs. (Courtesy: ProChemTech)
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The financial implications go far beyond 
maintenance costs. While a new tower 
itself might cost anywhere from $80,000 to 
$150,000, installation can be double or even 
triple that. Cranes are required to lift the old 
unit out and place the new one, sometimes 
requiring nearby rail lines or roads to be 
closed.

Keister recalls one project where an aging 
metal tower was so badly corroded that it 
broke in half mid-lift, nearly causing cata-
strophic damage to the building below.

“When you add up the cost of replacing 
the tower and the installation every 10 or 15 
years, it becomes incredibly expensive,” he 
said. “If you can avoid those repeat installa-
tions, you’re way ahead of the game.”

HDPE tower lifespans range from 30 to 
50 years, dramatically reducing the need for 
costly replacements and installations. 

A COOL DECISION TO SPEC 
ENGINEERED PLASTIC
When it came time for their latest upgrade, 
the Pennsylvania sintering plant carefully 
evaluated its options. The facility needed a 
435-gallon-per-minute unit that could meet 
current production demands while support-
ing expected growth over the next decade. 
After reviewing stainless steel and engi-
neered plastic designs, the decision was clear: 
engineered plastic offered a level of durabil-
ity, reliability, and long-term performance 
that metal simply couldn’t match.

HDPE cooling towers have steadily gained 
ground in industrial applications because of 
their ability to solve many of the challenges 
that plague metal tower designs. For this 
plant, several key benefits drove the decision:

» Corrosion-proof and chemically resis-
tant: Unlike metal towers, HDPE is completely 
impervious to rust and corrosion. This resis-
tance makes it ideal for facilities with fluctu-
ating or challenging water chemistry, reduc-
ing both chemical costs and maintenance 
requirements.

» Seamless, one-piece construction: Most 
metal towers are assembled on-site using 
many pieces, which creates seams that even-
tually become leakage points. HDPE towers are molded as a single, 
seamless piece, eliminating this risk entirely. 

» Simpler, lower-cost installation: Engineered plastic cooling tow-
ers are significantly lighter than metal, which means smaller cranes 
and less complex rigging. This makes them faster and more affordable 
to install.

MATERIAL GAINS
Working with ProChemTech, the plant selected a Paragon model 
manufactured by Delta Cooling Towers, which has a maximum cool-
ing capacity of up to 250 tons and comes with a 20-year warranty. 
ProChemTech supplied the complete package, including the tower, 
pumps, and central control panel that manages the entire system.

As industrial facilities face increasing pressure to reduce costs, 
improve reliability, and minimize downtime, many are rethinking 
their approach to cooling tower materials. 

“Just as precise material selection inside the plant’s furnaces 
ensures strong, consistent parts, selecting the right material for the 
cooling tower will keep those furnaces, and the entire operation, run-
ning smoothly for decades to come,” Keister said. 
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While it can perform well in certain environments, cooling towers made of metal are vulnerable to a range 
of chemical and mechanical stresses that limit their lifespan. (Courtesy: ProChemTech)

For a sintered metals facility in western Pennsylvania, the decision to break away from traditional metal 
cooling towers was driven by both necessity and experience. (Courtesy: ProChemTech)
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There are a lot of hyperbole and myths regarding ancient heat 
treatment and quenching with much simply being wrong; however, 
this article looks at the works of possible quenchants used by ancient 
blacksmiths and how they may further the understanding of the 
technological and cultural contribution of the first metallurgists.
By D. SCOTT MACKENZIE, PHD, FASM

here have been many myths concerning the quenchants 
used by ancient blacksmiths in the heat treatment of 
swords and knives. Various liquids have been cited in 
the archeometallurgical literature as quenchants. Each 

of these quenchants is supposed to extend to the knife’s special and 
even mythical properties. Some possible quenchants used by ancient 
blacksmiths will be discussed.

INTRODUCTION
Much of the early history of quenching is unknown prior to 1500 AD 
because it wasn’t written down. There have been some texts written 
throughout the past that hinted at quenchants used, but very few 
detailed the process. 

Much of the history of quenching is interlaced with the early pro-
duction of iron. Probably one of the earliest references to smelting and 
blacksmithing is from the Old Testament in Genesis 4:22 [1] where 
Tubal-Cain is mentioned as “an artificer of bronze and iron.”

It is not known when steel was first created, or who first cre-
ated steel. It is suggested from tradition (Herodotus, Xenophon, and 
Strabo) and archaeological evidence [2] [3] that ironworking devel-
oped in the Middle East, in Turkey, near the plateau of Anatolia in 
1400–1200 BC by the Hittites [4] [5]. Iron smelting was well known by 
the second millennium, and described by Homeric poems (880 BC), 
the History of Herodotus (446 BC), and Aristotle [6] (350BC). Because 
of ore variation, and the skill of the individual craftsman, the pro-
duction of steel was often poor quality and limited in production [7].

One of the first mentions of quenching is from Homer (circa 800 
BC):

“As when a man who works as a blacksmith plunges a screaming great 
axe blade or adze into cold water, treating it for temper, since this is the  
way steel is made strong, even so Cyclops’ eye sizzled about the beam of the 
olive ….” Odyssey 9.389-9394, translation by R Lattimore

This dramatic image of quenching indicates familiarity with the 
concept of quenching of steel. But, much of the history of quenching 
has been shrouded in mystery and magic. 

QUENCHING MYTHS
One of the earliest myths perpetrated regarding quenching ancient 
steel was the idea that slaves or virgins were used as a quenching 
medium. The idea being that the hot sword or knife plunged into the 
body of a slave would impart special properties. Slaves as a quench-
ing medium was first presented with a tongue-in-cheek reference 
by Douglas Fisher [8]. This was previously noted by John Sullivan [9]. 
From a practical perspective, it is not likely that slaves or virgins were 
used as a quenching medium. The physical force required to plunge 
a blade while hot would likely cause the blade to deflect and warp 
due to Euler Column Theory [10]. Further, it is likely that the slaves 

would tend to writhe about, causing distortion to the blade. Lastly, 
slaves and virgins are not renewable. Any large production would 
certainly exceed the available supply.

In the first millennium, few technological advances were made 
in Europe. Some Icelandic sagas spoke of searching through many 
kingdoms to find the proper water to harden the sword Ekkisax and 
weapons that are hardened in blood [11]. Predominantly, the advances 
in metallurgical technology were located in the Arab world, India, 
China, and Japan. While European armor blacksmiths were improv-
ing and gradually perfecting their craft, the Crusaders of the 12th 
century had no steel that was the equal of Islamic metallurgy. The 
Japanese sword was even better than the Islamic sword by an even 
greater margin [12].

In an account of Second Captain Massalski [13], it was indicated 
the Persians quenched their steel in pre-heated hemp oil. He further 
indicated that grease and bone marrow were sometimes added to 
the quenchant:

“If it is a dagger, it is held f lat; if it is a sabre, it is quenched little by little, 
beginning by the end of the cutting edge, holding the latter toward the bath. 
This manoeuvre is repeated until the oil stops smoking, which proves that the 
blade has cooled. After quenching, the blade is always soiled with burnt oil. 
This dirt is removed by heating it enough to set light to a piece of wood and by 
rubbing with a rag from a bedsheet.” — English Translation by Graham Cross.

Pretextat-Lecomte is a French painter and mosaic artist who lived 
at the end of the 19th century and was invited to Istanbul for the 
restoration and reconstruction of some historical art pieces. He spent 
many years in Istanbul, and from his studies of oriental arts, he wrote 
the “Arts and Crafts of the Orient” in 1902. (Les Arts et Metieres de la 
Turquie de l’Orient, published in Paris in 1902) [14]. He described the 
process of quenching a blade:

“... Now it was required to quench it in order to give it the necessary strength, 
and that was the interesting point of the procedure: Europeans quench the steel 
in water, vegetable oil, or cattle fat, but in the East they were doing it on air. 
When the craftsmen were done with the processing of the metal, they heated 
it until totally red and gave it to a cavalry man waiting on his horse, ready for 
a ride. The cavalry man rode his horse in the wilderness, waving the blade in 
the air with crazy screams to make his horse ride faster.”

On the other hand, “air quenching” was certainly not the only 
method for making “superior steel” in the Ottoman period. Kemankes 
(translation is Bowman) Mustafa Aga gives a special formula in his 
book, The Book of Arrow [15], for making armor-piercing arrowheads 
and sword blades. His quenching medium consists of:

»1 okka Quick Lime (CaO)
»1/2 okka Soda (NaCO)
»1/2 okka Carbonas Cupricus (Copper Oxide?)
»1/2 okka Arsenic Sulphate (AsS)
» 2 okka Radish juice
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