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INTRODUCTION
The Houghton organization is a worldwide
leader
in
heat
treatment,
supplying
quenching fluids and associated products,
technology and application expertise across a
wide range of industries.
Quenching has, for a long time, been
regarded as a black art, surrounded by
fumes, fire, mystery and intrigue. Although
the quenching process takes only a few
seconds of the total production time for a
component - which can be as long as six
months or more from the start of
Oil quenching of critical aerospace
manufacture to the shipment of the finished
components
product - it is often neglected or considered a
low priority.
Lack of understanding of the principles and practices of quenching can result
in inadequate hardness, excessive distortion or scrapping of costly machined
components, together with the environmental problems of smoke, fumes
and fire hazards frequently associated with the heat treatment shop.
These web pages are designed to dispel the mystery surrounding the
quenching process and give guidance for the selection of quenchants and the
design of a quenching system so that improved performance, greater
efficiency and maximum safety can be obtained.
Heat Treatment of alloy steel bars

Fire Hazard during oil quenching

After conversion to Aqua-Quench polymer
quenchant
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THE FUNDAMENTALS OF QUENCHING
Heat treatment can be defined as an operation or combination of operations
involving the controlled heating and cooling of a metal in the solid state for
the purpose of obtaining specific properties. There are many types of heattreating process available fulfilling a wide variety of hardness and
mechanical properties requirements. This booklet is concerned with the
principles and practices of the quenching process.
Quenching of steel involves the rapid cooling of austenite to transform it into
the hard structure - martensite. This is generally achieved by cooling at a
sufficiently fast rate to avoid the formation of soft constituents in the steel
(pearlite and bainite). These reactions can be represented on a Continuous
Cooling Transformation (CCT) diagram (Figure 1).

Figure 1.
Continuous Cooling Transformation diagram
illustrating the critical cooling rate for complete martensitic
transformation

For a given steel composition and heat treatment condition, there is a critical
cooling rate for full hardening at which all the high temperature austenite is
transformed into martensite without the formation of either pearlite or
bainite.
The steel begins to transform at the Ms temperature and is fully hardened at
the Mf temperature. The Ms temperature decreases with increasing carbon
content of the steel as shown below:
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Ms Temperature as a function of carbon content
Carbon Content
Ms Temperature

0.2%
0.4%
1.0%

430°C
360°C
250°C

In practice, however, when a steel component is quenched, the surface cools
more rapidly than the center. This means that the surface could cool at the
critical cooling rate and hence be fully hardened, whereas the center cools
more slowly and forms soft pearlitic or bainitic structures (Figure 2).

Figure 2. The effect of component section thickness on
cooling rate.

Lack of through hardening can be overcome by one of two methods.
•

By increasing the hardenability of the component by the
use of an alloy with higher alloy content. This usually
causes a delay in transformation, illustrated by a shift to
the right in the CCT diagram. This reduces the critical
cooling rate for martensitic transformation producing fully
hardened components with maximum hardness and
mechanical properties (Fig. 3). Alloying elements can,
however, be expensive and may not be beneficial to other
processes, i.e., machining, forging, etc.
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Fig. 3. The effect of alloy content on steel hardenability.

•

By increasing the quenching speed so that the cooling rate
at the center of the component exceeds the critical cooling
rate. This can be achieved, for example, by changing from
a normal speed quenching oil to a high speed accelerated
quenching oil (Fig. 4) or, if using a polymer quenchant, by
reducing the concentration of the solution.

•

Fig. 4. The effect of quenching speed on hardness and
mechanical properties.
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The influence of quenching speed on
hardness and mechanical properties can be
illustrated by comparing the cross-sectional
hardnesses achieved in a 10 mm diameter
bar of 0.4% carbon steel quenched into
different types of oil (Fig. 5).
With normal speed oil, hardness decreases
rapidly below the surface due to the
formation of pearlite and bainite. With highspeed oil, the critical cooling rate is
exceeded to a much greater depth below
the surface, resulting in an improved
hardness profile.

Fig. 5. The effect of quenching oil
type on cross-sectional hardness

To summarize therefore, steel composition, component section
thickness, and type of quenchant all have a major influence on the
properties obtained in the heat-treated component.
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THE MECHANISM OF QUENCHING
It is important to understand the mechanism of quenching and the factors,
which affect it, since these can have a significant influence on quenchant
selection and the performance obtained from the quenching process.
Regardless of the type of quenchant being used, cooling generally occurs in
three distinct stages, each of which has very different characteristics (Fig.
6).

Fig. 6 The three stages of cooling during quenching
Stage 1. Vapor Phase

The first stage of cooling is
characterized by the formation of a
vapor film around the component.
This is a period of relatively slow
cooling which heat transfer occurs by
radiation and conduction through the
vapor blanket.

Stage 2. Boiling Phase

The stable vapor film eventually
collapses and cool quenchant comes
into contact with the hot metal surface
resulting in nucleate boiling and high
heat extraction rates.

Stage 3. Convection Phase

Boiling ceases and heat is removed by
convection into the liquid. Heat is
removed very slowly during this stage
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Fig. 7. This series of photographs illustrates the various stages in the
quenching process using a normal speed quenching oil.

The moment of immersion - After 5 seconds - boiling After 10 seconds - the boiling
vapor film around component commences at the corners of front
moves
along
the
(stage 1).
the component (stage 2).
component.

After 15 seconds - showing After 30 seconds - convection After 60 seconds - completion
vapor, boiling and convection phase (stage 3).
of convection phase.
phases.

The cooling characteristics of a quenchant can be measured using probes
instrumented with thermocouples. Various techniques have been used
including both cylindrical and spherical probes manufactured from a variety
of metals including stainless steel, silver and nickel alloys. One of the most
widely used and accepted methods is based upon the use of a 12.5 mm
diameter cylindrical probe manufactured from Inconel 600® alloy as
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specified in the Wolfson Heat Treatment Center (WHTC) Engineering Group
specification recommended by the International Federation for Heat
Treatment (IFHT) and adopted by the International Standards Organization
(ISO 9950).
Results obtained by the different test methods vary depending upon the
material, geometry and surface condition of the probe. Cooling curves
produced in this way illustrate well the three stages of quenching and
demonstrate the influence that factors such as agitation, quenchant
temperature, contamination and degradation have upon quenching
performance.
The cooling characteristics can either be shown as a graph of temperature
against time or as a graph of temperature against cooling rate as shown in
Fig. 8 for both normal speed and high speed quenching oils.

Fig. 8. Temperature-time cooling curve and differential cooling
curve

Such cooling curve information is valuable since it can theoretically be
superimposed upon CCT diagrams to predict heat-treatment response
(Figure 9).
The duration of the vapor phase and the temperature at which the maximum
cooling rate occurs have a critical influence on the ability of the steel to
harden fully. The rate of cooling in the convection phase is also important
since it is generally within this temperature range that martensitic
transformation occurs and it can, therefore, influence residual stress,
distortion and cracking.
However, cooling curves produced under laboratory conditions must be
interpreted carefully and should not be considered in isolation. Results on
9

used quenchants should be compared with reference curves for the same
fluid.

Fig. 10. The effect of
on
the
Fig. 9. Temperature-time cooling curve on CCT agitation
quenching
characteristics
diagram.
of a normal speed oil.

Quenching
characteristics
are
influenced
significantly by the degree of agitation, as shown in
Fig. 10 for a normal speed quench oil under varying
degrees of propeller agitation. It can be seen that
increasing the degree of agitation reduces the
stability of the vapor phase and increases the
maximum rate of cooling.
The performance obtained from a quenchant in
practice, therefore, depends upon actual conditions
Fig. 11. ivf quenchotest.
in the quench tank. For this reason, it is highly
desirable to measure quenching characteristics on
site. Specialized, fully portable and self-contained
equipment has been developed for this purpose by
IVF
(The
Swedish
Institute
of
Production
Engineering Research) (Fig. 11). This equipment
conforms to widely accepted industrial standards of
quench-rate testing (IFHT and ISO) and enables
cooling characteristics to be determined on site
Fig. 12. On-site use of the under actual operating conditions (Fig. 12).
ivf quenchotest.
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WATER AND SALT SOLUTIONS
Water is the most readily available fluid that can be considered for
quenching and has many advantages for such applications:
ADVANTAGES
•
•
•
•
•
•

Inexpensive · Nontoxic
Readily available · No smoke or fumes
Easy to handle · No cleaning required prior to tempering or subsequent
processing
No health and safety hazards · Easy to pump and filter
Nonflammable · Easy to control bath temperature by continuous
supply of fresh water
No fire hazard · Not influenced by water contamination (e.g., leaking
coolers or condensation)

Water, however, is not a panacea and has disadvantages that restrict its use
to specific applications.
DISADVANTAGES
•
•
•
•

Corrosive to quench tank, fixtures and fittings
Supports microbiological growth
Poor quenching characteristics
Very fast quench

Corrosion inhibitors and biocide packages can be used to overcome
the first two disadvantages. However, the quenching characteristics
have severe limitations which can cause problems.
•

Temperature dependence. As the water temperature
increases, the vapor phase becomes prolonged and the
maximum rate of cooling decreases sharply (Fig. 13). This can
lead to the formation of soft spots on the component surface
(particularly during induction hardening) and inadequate
hardness in the workpiece.
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Fig. 13. The effect of temperature on the quenching
characteristics of water.
•

•

Vapor phase stability. The stability of the vapor phase is dependent
upon the surface finish of the component. The vapor film is very
persistent on flat smooth surfaces, but breaks up readily with the
onset of the boiling stage at sharp corners, rough surfaces, defects or
other stress risers. This variation in stability can produce markedly
different cooling rates across the component, resulting in distortion
and cracking.
High cooling rates in convection phase. Water exhibits very high
cooling rates in the convection phase when compared, for example,
with mineral oil (Fig. 14). High cooling rates in the martensitic
transformation temperature range (Ms to Mf can result in high residual
stresses, excessive distortion and potential cracking and are,
therefore, best avoided if possible.

Fig. 14. Comparison between water and normal
speed quenching oil.
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The detrimental effects of temperature dependence and vapor phase
stability can be minimized by:
•
•
•

Maintaining the water at a low temperature through effective cooling;
Vigorous agitation to disperse the vapor blanket; and
The addition of an inorganic salt.

SALT SOLUTIONS
The addition of salts to water quenching systems
assists in breaking up the vapor phase. Commonly
used materials include:
•
•

Salt crystals form and deposit on the
component surface.

Sodium chloride (NaCl) - typically at 10%
Sodium hydroxide (NaOH) - typically at 3%

During quenching, minute crystals of salt are
deposited on the surface of the component (Fig.
15). The localized high temperatures cause these
crystals to fragment violently and this creates
turbulence, which destroys the vapor film and
gives very high maximum cooling rates (Fig. 16).

Crystals fragment causing disruption of
the vapor film.

Fig. 15. The mechanism of salt
solutions.

Fig. 16. The quenching characteristics of various salt
solutions.
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The corrosion problems associated with the use of sodium chloride and the
toxicological hazards of sodium hydroxide can be avoided by the use of
proprietary compounds such as Aqua-Salt.
Although the quenching characteristics of water can be modified by close
temperature control, effective agitation, and the use of salt additives, high
cooling rates still persist in the convection phase. For this reason, wherever
possible, water-quenched components should be of simple shape with no
sharp corners or stress risers.
In practice, water quenching is generally restricted to plain carbon and low
alloy steels, low alloy carburizing steels, selected surface hardening
applications or components of very large section thickness.
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QUENCHING OILS
It is not clearly known for how long oils have
been used in the hardening of ferrous alloys.
Before the discovery of petroleum oils,
vegetable, fish and animal oils, and in
particular sperm whale oil, were used for
quenching operations. After the discovery of
petroleum crudes and their refinement into
usable oil products, Houghton developed the
first non-animal, petroleum-based quenching
around 1880. Since that time, many
advances
have
been
made
in
the
development of quenching oils to provide
highly specialized products for specific
applications. Houghton’s Houghto-Quench Fig. 17. Oil quenching of critical
and Mar-Temp products have gained a aerospace components
worldwide
reputation
for
quality
and
performance.
A wide range of quenching characteristics can be obtained through careful
formulation and blending. High quality quenching oils are formulated from
refined base stocks of high thermal stability. Selected wetting agents and
accelerators are added to achieve specific quenching characteristics.
Complex anti-oxidant packages may be included to maintain performance for
long periods of continued use particularly at elevated temperatures.
Emulsifiers may be added to enable simple wash-off in water after
quenching.
Quenching oils can be divided into several categories, depending on the
operational requirements. These include quenching speed operating
temperature and ease of removal.
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QUENCHING SPEED
Quenching speed is important because it
influences the hardness and depth of
hardening that can be obtained. Quenching
oils can be divided into normal, medium and
high-speed grades (Fig. 18).
Normal speed quenching oils have relatively
low rates of cooling and are used in
applications where the hardenability of the
material is high enough to enable the
required mechanical properties to be
obtained even with slow cooling. Highly
alloyed materials and tool steels are typical
examples of where a normal speed
quenching oil would be used.
Medium speed quenching oils provide Fig. 18. Cooling rate curves for
intermediate quenching characteristics and normal, medium and high-speed
are used widely for medium to high quenching oils.
hardenability applications where dependable,
consistent metallurgical properties are required.

High speed quenching oils are used for applications such as low hardenability
alloys, carburized and carbo-nitrided components, or large cross-sections of
medium hardenability steels where very high rates of cooling are required to
ensure maximum mechanical properties.
TEMPERATURE OF OPERATION
The temperature of operation of quenching oil is important because it will
have an influence on the following factors:
•
•
•
•

The
The
The
The

life obtained from the oil;
quenching speed (Fig. 19);
viscosity and hence the drag-out; and
distortion of components.

Cold quenching oils are designed for general-purpose use at temperatures of
up to 80°C for applications where distortion during quenching is not a
problem.
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Hot quenching oils are designed for use at higher temperatures of up to
200°C for controlling distortion during quenching, a process also known as
marquenching.
HOT OIL QUENCHING OR MARQUENCHING
This process involves quenching the
workpiece into a fluid medium maintained at
an elevated temperature, generally 100200°C. The workpiece is held in the fluid
until temperature equilibrium is established
throughout the section and then air-cooled
to ambient temperature.
The control of distortion possible with
marquenching
or
hot
oil
quenching
techniques using Mar-Temp oils is based on
the effect of component mass on cooling
rate. The surface of a component cools
more rapidly than the center. This means
when the surface has cooled to the Ms
temperature, the center is at a much higher
temperature, still in the austenitic condition
Fig. 19. The effect of temperature on (Fig. 20). When the center of the section
the quenching speed of a hot reaches the Ms it is surrounded by a shell of
quenching oil.
hard, brittle martensite. Transformation
from austenite to martensite is accompanied
by a volume increase, and when the center transforms, this expansion is
restricted by the previously formed martensite shell. This puts the
component surface into tension and any imbalance of stress can lead to
distortion or quench cracking.

Fig. 20. The formation of stresses and distortion during
conventional quenching.
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During marquenching, components are quenched to intermediate
temperature close to the Ms and held at this temperature. This eliminates
the temperature gradients across the section and consequently, during
subsequent slow cooling after removal from hot oil, transformation occurs
uniformly throughout the section (Fig 21). This minimizes the generation of
internal stresses and reduces distortion.

Fig. 21. The use of hot oil quenching techniques to reduce
distortion.

Since hot quenching oils are used at relatively high temperature, their
formulation and physic characteristics are different from those of cold
quenching oils. They are formulated from very careful selected base stocks
with high oxidation resistance and thermal stability.
They generally have high flash points and viscosities, and contain complex
anti-oxidant packages to provide long life under arduous operating
conditions. Selection of the marquenching oil grade is based on the required
operating temperature and quenching characteristics. A minimum of 4050°C should be maintained between the operating temperature of the oil and
its flash point.
WATER-WASHABLE QUENCHING OILS
In some applications, a requirement exists for quenching oils that can be
easily washed off in plain water. Quenching oils incorporating emulsifying
agents are available which do not significantly influence the cooling rate of
the oil. However, these do enable simple wash-off in cold water eliminating
the need for alkali cleaners or solvent degreasers.
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MAINTENANCE AND CONTROL CHECKS FOR QUENCHING OILS
The performance of quenching oils can
change in use for a variety of reasons
including
oxidation,
contamination
or
depletion of additives.
Quenching
oils
should
be
checked
periodically for their chemical and physical
properties, a requirement often dictated by
heat treatment specifications or quality
control procedures. If in-house facilities are
not available, then Houghton Technical
Service Laboratories can provide this
service.
Fig. 22. A typical Houghton Technical
the Service Laboratory

The examination should determine
condition of the oil and its suitability for
continued use, and should recommend any corrective action that needs to
be taken. A combination of one or more of the following control tests may be
used.
VISCOSITY
Changes in the viscosity of a quenching oil may indicate oxidation and
thermal degradation, or the presence of contaminants. In general, viscosity
increases as oil degrades and this may result in changes in quenching speed.
FLASH POINT
The flash point of an oil is the lowest temperature at which the oil vapors will
ignite in the presence of an ignition source. Flash point is important because
it is related to the maximum safe working temperature. As a general
guideline the maximum oil temperature should be 40-50°C below the open
cup flash point of the oil.
Changes in flash point with use usually indicate contamination, the presence
of dissolved gases or degradation of the oil.
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WATER CONTENT
Contamination of quenching oils with water
must be avoided at all cost. As little as
0.05% of water in quenching oil influences
quenching characteristics significantly and
may cause soft spots, distortion or cracking
(Fig. 23). At concentrations of 0.5% or
more, foaming during quenching is likely
and this can give rise to fires and
explosions.
QUENCHING SPEED
Quenching speed or cooling curve analysis is
the most important control check for any
quenching fluid since this is the critical
performance characteristic.
A number of different techniques are
available for measuring quenching speed Fig. 23. The effect of water
contaminants on the quenching
including
the
nickel
ball
(GM characteristics of a normal speed
Quenchometer), silver cylinder (CETIM quenching oil.
method - France) and Inconel 600® probe
(IFHTSE and ISO). Portable equipment such as the ivf quenchotest has the
added advantage of being able to measure quenching characteristics in-situ.
The ability to computerize test data facilitates comparison with standard
reference curves and simplifies the preparation of process control charts.
NEUTRALIZATION OR ACID NUMBER
This is an indication of the level of oxidation in a quenching oil. As oil
oxidizes it can form organic acids, thus giving an increase in acid number.
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As shown in Fig. 24, the formation of
oxidized constituents in a basic mineral oil
decreases the stability of the vapor phase
and increases the maximum cooling rate
thereby increasing the risk of distortion and
cracking. The use of specially formulated
quenching oils will reduce the possibility of
these problems occurring.
SAPONIFICATION NUMBER
This is an indication of the presence of
unstable or unsaturated hydrocarbons in the
oil that may oxidize and form sludge. Like the
neutralization number, it is also an indication
of oxidation in the oil. Saponification number
can also be used to measure the level of fatty
additives that may be present in the oil.
PRECIPITATION NUMBER

Fig. 24. The effect of oxidation on
the quenching characteristics of a
normal speed quenching oil.

This is an indication of the presence of compounds that may form sludge
under operating conditions. Products with a high precipitation number may
be accompanied by staining of quenched parts.
SLUDGE CONTENT
Sludge is the result of oxidation and polymerization of the oil. It can affect
quenching characteristics, reduce the efficiency of heaters and coolers, and
may cause staining of components.
ASH CONTENT
Ash is an indication of the presence of incombustible material in the oil.
While a straight mineral oil should be nearly ashless, some quenching oils
contain metallic additives, which leave an ash after combustion.
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INFRARED ANALYSIS
Infrared analysis can be used to provide an indication of oxidation in the oil
and the presence of fatty additives, anti-oxidants, emulsifying agents and
water contamination.

Fig. 25. Infrared spectrophotometer

Fig. 26. Typical infrared trace for a used quenching oil
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POLYMER QUENCHANTS
Polymer quenchants consist of solutions of
organic polymers in water and contain
corrosion inhibitors and other additives to
produce concentrates, which are further
diluted to give ready-to-use quenching
solutions.
Several different types of organic polymer
are used including:
•
•
•
•

PAG Polyalkylene glycol
ACR Sodium polyacrylate
PVP Polyvinyl pyrrolidone
PEO Polyethyl oxazoline

Fig. 27. Quenching of plain carbon
steel coil into 10% PAG polymer.

The various types of polymer quenchant have widely differing properties.
Great flexibility of quenching characteristics is possible through selection of
the type of polymer, polymer concentration, temperature of the bath and
degree of agitation.
The successful application of polymer quenchants depends upon many
factors, including the hardenability of the steel section thickness and surface
finish of the component, the type of furnace, quenching system, and the
physical properties required.
ADVANTAGES OF POLYMER QUENCHANTS
Environmental Advantages
Elimination of fire hazard. Polymer quenchant solutions are nonflammable
and hence enable:
•
Elimination of the need for protection equipment such as
inert gas curtains or fire extinguishing systems.
•
Component entry into the quenchant becomes less critical.
•
Lower fire insurance premiums.
•
Cleaner, safer working environment
•
No smoke and fumes during quenching or tempering
•
No oily floors. Oil impregnation is potentially dangerous
and requires the use of costly floor absorbents or cleaners.
With polymer quenchants, floors can be kept completely
clean and safe by occasional washing with water.
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Technical Advantages
•

•

•

•

Flexibility of quenching speed. By varying the
concentration, temperature and agitation of the polymer
solution, it is possible to achieve a range of cooling rates,
thus enabling the treatment of a wide variety of materials
and components.
Elimination of soft spots. By producing a uniform
polymer film around the component, the steam pocketing
and soft spot problems often associated with water
quenching after induction hardening can be avoided.
Reduction of stresses and distortion. The uniform film
also reduces thermal gradients and residual stresses
associated with water quenching and can, therefore, give
substantial reduction in distortion during the solution heat
treatment of aluminum alloys.
Tolerance to water contamination. Large amounts of
water contamination can be tolerated before concentration
(and hence quenching speed) are influenced significantly.
This eliminates the soft spot, distortion and cracking
problems associated with trace water contamination in
mineral oils.

Fire hazard during oil quenching.

After conversion to water-based polymer quenchant

Heat treatment of alloy steel bars in oil and polymer quenchants
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Production Advantages
•

•

•

Reduced cost. Depending upon the type of polymer and
the concentration required, the in-tank costs of diluted
polymer quenchants can be considerably lower than those
of quenching oils. Because polymer solutions have
significantly lower viscosities than quenching oils, drag-out
and hence replenishment requirements are reduced.
Easier cleaning. Components may not require cleaning
before tempering. Residual films of polymers will not char,
as with oils, but will decompose fully at high temperatures
to form water vapor and oxides of carbon. Components
may be tempered directly after quenching, thereby
eliminating the need for costly alkali cleaning or vapor
degreasing operations. For low temperature tempering or
aging treatments where the polymer may not decompose
completely, the residual film can be removed by simple
washing in plain water.
Reduced temperature rise during quenching. Polymer
quenchant solutions have almost twice the specific heat
capacity of quenching oils. Therefore, for a given charge
weight, the temperature rise during quenching will be
approximately halved.
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POLYALKYLENE GLYCOL QUENCHANTS
Polymer quenchants based upon polyalkylene glycols (PAG) are currently the
most widely used type of aqueous quenchants. Applications for these
products include:
•
•
•

Immersion quenching of steel components
Induction hardening and spray quenching
Solution heat treatment of aluminum alloys

Polyalkylene glycols, from which quenchants can be formulated, are
available in a range of viscosities and molecular weights. Commercial PAG
based quenchants also contain a number of additives such as corrosion
inhibitors, defoamers and bactericides to enhance performance in service.
THE QUENCHING MECHANISM
Polyalkylene glycols exhibit inverse solubility in water. They are completely
soluble at room temperature, but insoluble at elevated temperatures. The
inverse solubility temperature can range from 60°C to 90°C depending upon
chemical structure.
The phenomenon of inverse solubility modifies the conventional, three-stage
quenching mechanism and provides great flexibility of cooling rate.
Stage 1
When a hot component is first immersed, the solution in the immediate
vicinity of the metal surface is heated to above the inverse solubility
temperature. The polymer becomes insoluble and a uniform polymer-rich
vapor film encapsulates the surface. This is a period of slow cooling,
analogous to the vapor phase in oil quenching.
The stability and hence duration of this polymer film depend upon the
temperature, concentration and degree of agitation of the solution.
Stage 2
The stable polymer-rich vapor film eventually collapses and cool quenchant
comes into contact with the hot metal surface, resulting in nucleate boiling
and high heat extraction rates.
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Stage 3
As the active boiling period subsides, cooling occurs by conduction and
convection into the liquid. When surface temperatures fall below the
inversion temperature, the polymer redissolves forming a homogeneous
solution once again.
Fig. 28. This series of photographs illustrates the various stages in the
quenching process using a PAG based polymer quenchant.

The moment of immersion - a After 15 seconds - the film After 25 seconds - boiling occurs
thin film of polymer deposits becomes active
over the entire surface.
on the component surface

After 35 seconds - boiling After 60 seconds - the polymer After 75 seconds - the film has
ceases and the convection starts to dissolve into the now completely redissolved and
phase begins.
solution.
heat removal is entirely by
convection.

THE SELECTION OF COOLING RATE
The cooling rate of a PAG polymer quenchant can be varied to suit individual
requirements by changing the concentration of the solution, the quenchant
temperature and the degree of agitation.
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Effect of Concentration
The concentration of polymer influences the thickness of the polymer film
that is deposited on the surface of the component during quenching. As the
concentration increases, the maximum rate of cooling and the cooling rate in
the convection phase decrease (Fig. 29). Under agitated conditions,
concentration has very little effect on the polymer-rich vapor stage.

Fig. 29. PAG - The effect of concentration on quenching
characteristics.

5% solutions improve wettability on the component surface, thereby
imparting a uniform quench. They prevent problems of soft spotting
frequently associated with water quenching during induction hardening.
10% to 20% solutions provide accelerated quenching rates comparable
with those of fast quenching oils and are therefore suitable for low
hardenability applications where maximum mechanical properties are
required.
20% to 30% solutions offer cooling rates suitable for a wide range of
through hardening and case hardening steels.
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Effect of Temperature
The quenching speed of
PAG solutions is also
influenced
by
the
temperature of the bath as
shown in Fig. 30 for a
25% solution of a typical
PAG quenchant. Under
agitated
conditions
temperature
has
little
effect on the vapor phase.
However, the maximum
rate of cooling decreases
with
increasing
temperature.

Fig. 30. PAG - The effect of temperature on quenching
characteristics.

PAG solutions must be
cooled to prevent them from approaching the inversion temperature. A
maximum operating temperature of approximately 55°C is normally
recommended.
Effect of Agitation

Agitation has a very important effect on the quenching characteristics of all
polymer quenchants. It ensures uniform temperature distribution within the
bath and also affects cooling rate, as shown in Fig. 31. As the severity of
agitation increases, the duration of the polymer-rich vapor stage decreases
and eventually disappears, and the maximum rate of cooling increases.
Agitation has comparatively little effect on cooling rate during the convection
stage.

Fig. 31. PAG - The effect of agitation on quenching
characteristics.
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TYPICAL APPLICATIONS FOR POLYALKYLENE GLYCOL QUENCHANTS
Immersion quenching of steel components
The primary reason for consideration of PAG quenchants for steel quenching
is the elimination of the smoke, fume and fire hazards associated with
quenching oils, although the benefits of flexibility of quenching speed and
improved process economics are also important.
PAG quenchants are suitable for a wide range of steels including plain carbon
steels, boron steels, spring steels, general engineering steels, martensitic
stainless steels, low and medium alloy carburizing steels and higher alloy
steels of heavier section thickness.
Components that can be processed range from very small parts, with section
size as small as 1mm (such as needles, clips, screws and fasteners) up to
large shafts and forgings weighing 10 tons or more.
Between these extremes, a very wide range of components including bolts,
bearings, crankshafts, springs, steel bars and coils, high-pressure gas
cylinders, general forgings, and agricultural and automotive parts have been
successfully quenched into PAGs.
PAG quenchants are used in many different types of heat treatment
installations including continuous belt furnaces, fluidized beds, integral
(sealed) quench and shaker hearth furnaces, press quenching equipment, as
well as for direct quenching in open tanks.

Fig.
32.
Quenching
of
carburized transmission shafts
into 25% PAG.

Fig.
33.
Quenching
of
railway tires into 20% PAG

Fig. 34. Quenching of highpressure gas cylinders into 15%
PAG polymer.

Induction hardening and spray quenching
PAG quenchants are used widely for the quenching of components after
induction or flame hardening as an alternative to water, soluble oil or
mineral oil. They are generally used at concentrations of 5-15% to eliminate
30

spotty hardening associated with water quenching, to control distortion and
to provide corrosion protection to the induction hardening equipment.
Typical applications include the quenching of gears, crankshafts, camshafts,
drive shafts, bearing rings, tubes and bars.

Fig. 35. Spray quenching of a Fig. 36. Induction hardening of Fig. 37. Induction hardening of an
tube.
automotive
constant
velocity automotive camshaft.
joints.

Solution heat treatment of aluminum alloys
PAG quenchants are used widely as an alternative to water or oil for the
quenching of aluminum parts such as thin-section airframe and skin
components, castings and extrusions for aerospace applications, and engine
blocks, cylinder heads and wheels for the automotive industry.
Quenching speed is critical in order to prevent the precipitation of
intermetallic compounds, which would have an adverse effect on mechanical
properties and corrosion resistance.
The controlled uniform quenching characteristics of PAGs can significantly
reduce or even eliminate the distortion often associated with water
quenching without impairing mechanical properties or corrosion resistance.
This is particularly important with thin-section sheet aluminum airframe
components in the aerospace industry and complex castings and forgings
that are often quenched into boiling water or mineral oil to minimize
distortion.
The improvements in distortion control achievable can be seen in Figs. 38
and 39 which illustrate thin-section sheets quenched into water and 30%
PAG solution respectively, both at a temperature of 30°C.
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Fig. 38. Thin aluminum sheets quenched into
water at 30°C

Fig. 39. Thin aluminum sheets quenched into
30% PAG at 30°C.

PAG quenchants are generally used at a
concentration of 10-20% for heavysection castings and forgings, and at
25-40%
for
thin-section
sheet
components.
PAG quenchants can be used in
conjunction with both recirculating air
furnaces and molten salt baths. With
molten salt baths, special precautions
have to be taken to compensate for salt
carryover and to maintain the polymer
solution
at
the
correct
working
concentration.
Houghton’s
Aqua-Quench
PAG
quenchants are approved by major
aerospace manufacturers worldwide and
are
used
extensively
for
critical Fig. 40. Typical aerospace installation for
applications in aircraft manufacture (Fig. quenching thin-section components.
40).
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ACRYLATE QUENCHANTS
Acrylate (ACR) based polymer quenchants have oil-like quenching
characteristics which enable the treatment of a wide range of alloy steels
and higher hardenability materials.
QUENCHING CHARACTERISTICS
Acrylate quenchants do not exhibit the inverse solubility characteristics of
PAGs but modify the conventional three-stage quenching process by
producing high viscosity, polymer-rich layers around the components that
are particularly effective in reducing the quenching speed during the
convection phase.
Like PAGs, the cooling effect of acrylate quenchants is a function of the three
basic parameters of polymer concentration, bath temperature and degree of
agitation.
Effect of Concentration
The concentration of ACR polymer influences the viscosity of the solution
and the quenching speed (Fig. 41). ACR based quenchants are generally
used at concentrations of 15-25% giving quenching characteristics very
similar to normal speed quenching oils.

Fig. 41. ACR - The effect of concentration on quenching
characteristics.
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Effect of Temperature
As the temperature of ACR solutions increases, the vapor phase is extended
and the maximum rate of cooling is reduced (Fig. 42). A maximum operating
temperature of 60˚C is normally recommended to minimize evaporation
losses from the system.

Fig. 42. ACR - The effect of temperature Fig. 43. The effect of agitation on the
on quenching characteristics.
quenching
characteristics
of
ACR
polymers.

Typical applications for Acrylate Quenchants
The oil-like quenching
characteristics of ACR
polymers enable the
heat treatment of higher
hardenability materials.
These include critical
AISI
4140
seamless
tube for the oil industry,
AISI 4140 and AISI
4340
forgings
and
castings, heavy gears,
thin-section alloy steel
crankshafts, and high
chromium
grinding
balls.

Fig. 44. Quenching of critical
alloy steel tube for the oil
industry
in
20%
ACR
polymer.

Fig. 45. Quenching of forged
alloy steel automotive axle
shafts
into
22%
ACR
polymer.
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POLYVINYL PYRROLIDONE QUENCHANTS
Polyvinyl pyrrolidone (PVP) based quenchants also have relatively oil-like
quenching characteristics.
QUENCHING CHARACTERISTICS
Once again, as with other types of
polymer, the quenching characteristics
are a function of polymer concentration,
bath
temperature
and
degree
of
agitation.
Effect of Concentration
The effect of concentration is shown in Fig. 46. PVP
Fig. 46. PVP based polymers are concentration
generally used at concentrations of 15- characteristics.
25% where the quenching characteristics
are very similar to those of quenching
oils.

-

on

The

effect
of
quenching

Effect of Temperature
As the temperature of PVP solutions
increases, the vapor phase is extended
and the maximum rate of cooling is
reduced (Fig. 47).
A maximum operating temperature of Fig. 47. PVP - The effect of temperature
60°C is normally recommended to on quenching characteristics.
minimize evaporation losses from the
system.
Effect of Agitation
The vapor phase of PVP polymer
quenchants is less stable than that of
ACR (Fig. 48). However, it is still
important to provide good agitation to
ensure uniform quenching characteristics
and temperature distribution within the
bath.
Fig. 48. PVP - The effect of agitation on
quenching characteristics.
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TYPICAL APPLICATIONS FOR POLYVINYL PYRROLIDONE
QUENCHANTS
The oil-like quenching characteristics of PVP polymers extend the
applications to the heat treatment of high hardenability materials and alloys.
PVP based products are used widely in the steel industry for the quenching
of bars, rolled sections and forgings, generally at concentrations of 15-25%.

Fig. 49. Quenching of martensitic Fig. 50. Removal of forging from
stainless steel bars into 22% PVP PVP solution without excessive
polymer.
polymer drag-out.

36

POLYETHYL OXAZOLINE QUENCHANTS
Polyethyl oxazoline (PEO) based products represent the latest technology in
polymer quenchants. Developed by the Houghton organization as part of a
continuing program of product innovation and improvement, PEO technology
is now covered by worldwide patents.
PEO based products have the most oil-like quenching characteristics of all
the polymer quenchants commercially available and as a result, are being
used in a wide range of applications - from induction hardening of steel and
cast iron to tank quenching of high hardenability steel castings and forgings.
PEO chemistry is highly efficient in modifying quenching characteristics and
required properties are obtained at low polymer concentrations. This results
in less drag-out than with other types of polymer and consequently great
economy in use. Any polymer remaining on the surface dries to a hard, tackfree film ensuring freedom from sticky residues.
QUENCHING CHARACTERISTICS
PEO based quenchants exhibit inverse solubility at a temperature of 6065°C. Hence the quenching mechanism is very similar to that of the
polyalkylene glycol based products.
Like all other types of polymer quenchants, the quenching characteristics are
dependent upon polymer concentration, bath temperature and degree of
agitation.
Effect of Concentration
PEO polymers can be used over a wide range of concentrations from 5-25%
depending upon the application.
PEO products have the least stable vapor phase of all the polymer
quenchants and this is particularly important during induction hardening and
in the quenching of low hardenability steels.
Of great significance is the very low cooling rate in the convection phase,
where, at concentrations of 15-25%, the quenching speed is almost identical
to that of quenching oil. This extends the range of applications to critical
high alloy steels.
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Fig. 51. PEO - The effect of concentration on quenching
characteristics.

Effect of temperature
The effect of temperature is shown in Fig. 52. Because PEO products have
an inverse solubility temperature of approximately 63˚C, it is important to
ensure effective cooling of the bath.

Fig. 52. PEO
characteristics.

-

The

effect

of

temperature

on

quenching

Effect of Agitation
As with all polymer quenchants, the cooling effect is dependent on the
degree of agitation. However, with PEO products, the vapor phase is easily
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broken down, as shown in Fig. 53, and disappears completely with turbulent
agitation. This is particularly important in the quenching of low hardenability
materials.

Fig. 53. PEO - The effect of agitation on quenching characteristics.

TYPICAL APPLICATIONS FOR POLYETHYL OXAZOLINE QUENCHANTS
The flexibility of quenching speed, ease of breakdown of the vapor phase,
low cooling rate in the convection stage, and freedom from sticky deposits
enable the use of PEO based products for a very wide range of applications.
Induction and flame hardening
Generally used at concentrations of 5-10% as a replacement for PAGs or oil
in the treatment of steel and nodular cast iron components. Typical
applications include camshafts, crankshafts and gears in the automotive
industry, and drill pipe for the oil industry. The hard, dry residual film is of
particular benefit to subsequent handling operations or where shot blasting
is required (Fig. 54).
Quenching of low hardenability components
The short vapor phase enables the development of maximum properties in
low hardenability materials such as those used for fasteners. 10% PEO
solutions are used successfully for the treatment of bolts and screws in
continuous furnaces.
Alloy steel forgings, bars and castings
Low cooling rates in the convection phase make PEO polymers suitable for
higher hardenability alloy steel components, which would normally be oil
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quenched. Concentrations
application:
•
•
•
•

range

from

15

to

25%

depending

upon

Martensitic stainless steel wire and rod
AISI 4100 and 4300 series castings and forgings
High carbon-chromium grinding balls and liner plates
Nodular and ductile iron castings

Fig. 54. Camshaft that has been
induction hardened with PEO polymer,
showing freedom from sticky deposits.

Fig. 55. Quenching of alloy steel bars
into 20% PEO polymer.
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INSTALLATION, MAINTENANCE AND CONTROL OF POLYMER
QUENCHANT SYSTEMS
CONVERSION PROCEDURES
Conversion to polymer quenchant from quenching oil or water can often be
made with little or no modification to existing systems.
System Cleaning
Quenching oil systems should be cleaned thoroughly to remove deposits and
residues that would contaminate the polymer, influencing concentration
control and possibly quenching speed. A cleaner should be circulated around
the pipe work and cooling systems followed by thorough rinsing with water
before refilling with the appropriate polymer quenchant. Agitation or
circulation of the fluid is recommended during filling to ensure thorough
mixing.
System Compatibility
Existing quench tanks painted with phenolic or resin-based paints should be
shot-blasted and retreated with epoxy resin paint if required. Galvanized
tanks are not recommended. For further information regarding metal
compatibility see Quenching System Design.
Cork and leather seals are not compatible with aqueous polymer quenchant
systems. Epoxy, nylon, polyethylene and PVC based plastics are all
satisfactory. Most elastomers except for polyurethane are also satisfactory.
Nitrile rubber is recommended for seals.
AGITATION
The quenching characteristics of all types of polymer quenchant are
influenced significantly by the degree of agitation. In general, it is desirable
to have vigorous, turbulent agitation to minimize the vapor phase and
maintain uniform quenching characteristics and temperature. It is
particularly important to ensure good circulation of quenchant throughout
the charge.
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Fig. 56. Typical arrangement for propeller based agitation system.

Agitation can be achieved by pumped circulation, preferably through a
suitably designed manifold system, or by propellers located in the sides of
the tank or in draught tubes (Fig. 56). The provision of variable levels of
circulation is recommended to give greater flexibility in quenching speed.
TEMPERATURE CONTROL
The temperature of polymer quenchant solutions must be controlled to
maintain the correct quenching speed, prevent excessive evaporation from
the bath and, in the case of PAG and PEO based products, prevent the
solution from reaching its inverse solubility temperature.
Enclosed cooling systems such as water-cooled heat exchangers of the shell
and tube or plate type, or air-cooled radiators are recommended. Direct aircooling towers should generally not be used but can be considered for the
cooling of recirculating water.
SYSTEM MONITORING
Once the most suitable type of polymer, required concentration, bath
temperature and agitation conditions have been selected, it is important to
establish a monitoring system to ensure consistent performance in service.
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Concentration Control
There are several methods for measuring
polymer concentration:
•

•

•

Refractive index. This is a simple
method, suitable for day-to-day control
of the bath. Refractive index is
measured
using
a
hand-held
refractometer
(Fig.
57),
and
the
concentration
obtained
from
a
calibration curve (Fig. 58) or by
multiplying the refractometer reading by
a factor.The disadvantage of this method
is that the refractive index reading can
be influenced by contamination in the
system that may give rise to an Fig. 57. Refractometer used for
erroneous
indication
of
polymer concentration control.
concentration.
Kinematic viscosity. The viscosity of
polymer solutions can also be used to
monitor concentration. However, care
must be taken with the interpretation of
results because polymers may degrade
in service leading to viscosity changes.
Quench-rate testing. This is the most
relevant technique of all because it
measures the actual quenching speed of
the polymer solution and takes into
account any changes in performance
resulting
from
contamination
or
degradation. On-site assessment using
portable equipment such as the ivf
quenchotest is preferable since it also
Fig.
58.
Calibration
curve
for
takes into account bath conditions.
concentration control of a typical PAG
polymer.
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CONTAMINATION OF POLYMER QUENCHANTS
Contaminants can reduce the life of a polymer quenchant or change its
performance.
Solids contamination
Particulate matter such as scale
soot has little effect on quenchbut can hinder concentration
control by making refractive
index difficult to measure and
affect the cleanliness of the
quenched component.

or
rate
may

Fluids contamination
Contamination by cutting fluids,
preventives or hydraulic oils can
provide nutrients for biological
growth and may also prolong
vapor phase of the quenching
process.

rust
the
Fig. 59. Control of polymer quenchant by
quench rate testing.

Cross-contamination with different types of polymer quenchants can
adversely affect quenching performance and should therefore be avoided.
Microbiological contamination
As with all water-based systems, polymer quenchants are susceptible to
microbiological contamination. Bacteria can give rise to unpleasant odors
and cause the depletion of corrosion inhibitors. Accumulated deposits of
fungi can block filters and nozzles in spray quenching equipment and may
impair the efficiency of cooling systems.
Biocides can be incorporated into polymer quenchant formulations to
minimize these effects. In addition, continuous circulation of quenchant to
maintain aerobic conditions, particularly when the quench tank is not being
used will assist in preventing biological growth.
Occasional additions of biocide may be required to control biological growth.
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Dissolved materials
Accumulations of inorganic salts from supply water or salt bath heat
treatment operations will influence refractive index and hence affect
concentration control. These may also change quenching characteristics.
Contamination with ammonia (e.g., from carbo-nitriding atmospheres) may
affect quenching characteristics and corrosion protection.
DEGRADATION OF POLYMER QUENCHANTS
Polymer quenchants, like quenching oils, may degrade in service at a rate
dependent upon the type of polymer, the severity of application and
conditions of use.
However, all types of polymer can provide reliable, consistent performance
that can be monitored effectively by a combination of refractive index
measurement, kinematic viscosity determination and quench-rate testing.
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QUENCHING SYSTEM DESIGN
One important aspect of quenching that is often overlooked is the design of
the quench system that can have a major effect on the performance
obtained from the process.
There are several factors which must be considered when designing a new
quenching system or modifying an existing one:
•
•
•
•
•
•
•
•

Component handling
Tank size and capacity
Materials of construction
Quench chute arrangement
Agitation
Heating and cooling systems
Quenchant filtration
Quenchant storage

COMPONENT HANDLING
Mechanical Handling Damage
At the austenitizing temperature, steel is generally only about one-tenth as
strong as it is at room temperature (Fig. 60).

Fig. 60. The effect of temperature (degrees C) on the strength of
high-carbon chromium bearing steel.

Care must be taken to avoid distortion and sagging of components while in
the furnace. Adequate support should be provided and attention must be
paid to the condition of jigs and fixtures, furnace hearths and work trays.
Long shafts should be suspended vertically, and rings should be laid flat.
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Distortion-prone components should also be treated carefully during
quenching. They should not be dropped into the bottom of the quench tank.
Particular attention should be paid to quench chute design to avoid
mechanical impact damage.

Fig. 61. Schematic arrangement of quenching system in a
continuous furnace.
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PRESS QUENCHING
This is a specialized technique involving the physical restraint of distortionprone parts on close-tolerance fixtures during the quenching operation (Fig.
62). It minimizes distortion and movement and is used mainly during the
quenching of bearing rings and automotive transmission ring gears.
Workload Configuration
The packing density of components in baskets or fixtures can have a
significant effect on quench efficiency. Precautions should be taken to ensure
adequate quenchant flow throughout the charge.
TANK SIZE
The size of the quench tank depends upon the dimensions of the workload.
In a batch operation, care should be taken to ensure that a sufficient
amount of quenchant covers the top of
the charge. The physical dimensions of
the tank should be large enough to
ensure full immersion of the quench load
and fixtures and, at the same time allow
enough
space
for
agitators
and
manipulators.
When using hot quenching oils in integral
(sealed) quench furnaces, allowance
must be made for thermal expansion of
the oil, either by adjustment of the fluid
level or by the provision of an overflow
system.
TANK CAPACITY

Fig. 62. Press quenching
automotive ring gear.

of

an

The tank must contain sufficient fluid to
quench the load without an excessive rise in the temperature of the
quenching fluid. In an un-cooled tank, the quantity of quenchant required
can be calculated from the basic equation:

Mmetal C pmetal ∆Tmetal = Mquenchant C pquenchant ∆Tquenchant
where Mmetal is the mass of the metal, Cp(metal) is the specific heat of the
metal, and ∆Tmetal is the decrease in temperature of the metal being
quenched. Similar properties of the quenchant are also needed.
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Typical values of specific heat are as follows:
•
•
•
•

Steel 0.17 cal/gm/°C
Aluminum 0.23 cal/gm/°C
Quenching Oil 0.50 cal/gm/°C
Polymer Quenchant 0.95 cal/gm/°C

As a general guideline during steel quenching, for a single quench, 10 liters
of oil for each kilogram of total charge weight will give an acceptable rise in
oil temperature. However, with successive quenches some form of cooling
may be necessary to prevent the oil from overheating.
MATERIALS OF CONSTRUCTION
The preferred construction materials for quench systems are ferrous alloys,
i.e., mild steel for tanks and cast iron for pumps and agitators. Copper and
its alloys are known to promote mineral oil oxidation and should therefore
not be used in oil quenching systems particularly hot oil quenching systems
where maximum oil life is required). Nonferrous alloys such as zinc, lead and
magnesium may be attacked by alkaline polymer quenchant solutions and
should be avoided wherever possible. Galvanized tanks are not
recommended for polymer quenching systems. Where additional corrosion
protection is required steel tanks should be treated with an epoxy-based
paint.
QUENCH CHUTE ARRANGEMENT
The design of the quench chute in continuous furnaces is important. A
continuous spray curtain within the chute above the fluid level and cooling
arrangements at this position are desirable to prevent quenchant vapors
from entering the furnace hot zone (Fig. 63). This is particularly important in
controlled-atmosphere furnaces and in baths operating with water-based
quenchants.
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Fig. 63. Schematic quench chute arrangement.

The design of the quench chute can also influence the distortion of thinsection parts caused by impact at the bottom of the chute. For such
applications it may be desirable to provide chain curtains or to angle the
chute to minimize impact damage during quenching.
AGITATION
Agitation has a very significant effect on quenching speed. It reduces the
duration and stability of the vapor phase and increases the maximum cooling
rate. Effective agitation is essential to ensure that optimum properties are
obtained, to maintain circulation of quenchant around the parts, and to
obtain uniform temperature in the bath.
Agitation can be provided by load oscillation, pumped circulation of fluid or
motor driven propellers. With pumped circulation or propeller agitation,
baffle or manifold arrangements are desirable to direct the flow of quenchant
upwards around the components.
While propeller agitation is easy to design, install and maintain, it is
sometimes difficult to add to an existing quench tank due to space
limitations. In these circumstances, the introduction of pumped circulation
through manifolds may be preferable.
Compressed air is not recommended since it produces a non-uniform
quench, accelerates the oxidation and aging of quenching oils, is likely to
introduce water contamination and increase fire hazards, and can promote
foaming in water-based quenchants.
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HEATING AND COOLING SYSTEMS
All quenching fluids have an optimum operating temperature range requiring
some form of temperature control.
Quenchant Heating
Quenchant heating can be achieved by several methods, including electrical
resistance heating elements, gas or oil-fired radiant tube or waste heat from
furnace exhausts. Electrical resistance heaters should have a maximum
power rating of 10-watts/square inch. Higher power ratings can locally
overheat the quenchant and increase the rate of degradation unless effective
circulation of fluid is maintained around the heating elements.
Gas or oil-fired radiant tubes should be used with care as they have a
tendency to overheat at the burner end of the tube, causing local
overheating of the quenchant and premature degradation.
In all cases, good flow of quenchant should be maintained around the
heaters.
Quenchant Cooling
Various methods are available for the cooling of quenching fluids including:
•
•
•
•
•
•

Submerged water-cooling pipes;
Cooling jacket around tank;
External water-cooled heat exchangers (either shell and tube or plate
type);
Forced air-cooled radiators
Cooling towers; and
Refrigeration systems.

Submerged water-cooling pipes and cooling jackets are only suitable for
small systems. There is always a risk of water contamination of the
quenchant.
External water-cooled heat exchangers and air-cooled radiators are very
efficient and are used widely for cooling large quenching systems (Fig. 64).
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Fig. 64. Water-cooled shell and tube type heat
exchanger.

Air-cooling towers, where the quenchant is exposed directly to the air, are
not recommended since contact between the quenchant and the air blast
promotes oxidation, quenchant loss and biological activity, and reduces
quenchant life.
Refrigeration systems are very effective but are costly to install.
In order to obtain maximum efficiency from the cooling system, the direction
of circulation should be such that the hot quenchant is removed from the top
of the tank either by direct outlet or over a weir, then passed through the
heat exchanger and returned via the bottom of the tank.
Copper, aluminum, or their alloys are not recommended for the construction
of coolers. The cooler capacity should be adequate to remove the heat
introduced during the quenching operation.
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QUENCHANT FILTRATION
During quenching, the fluid may become
contaminated with scale, soot, general dirt
or degradation products, which interfere
with the performance of the quenchant
and may result in unsatisfactory surface
appearance or lower physical properties
than specified.
Mechanical removal of the contaminant by
filtration or centrifuge may be necessary
to restore the quenching fluid to a
satisfactory
condition.
In
some
applications it may be necessary to filter
the quenchant continuously to maintain
trouble-free operation.
QUENCHANT STORAGE
Bulk Storage
Both oil and polymer quenchants should
be stored in clean, dry bulk tanks which
are protected from infiltration of ground,
Fig. 65. Typical filtration unit for quench
surface or rainwater. Care should be taken oil.
to prevent contamination of the fluids. In
cold climates it is recommended that bulk storage tanks be located indoors
to protect against freezing; or that heated tanks be provided to prevent
freezing and to aid in the handling and pumping of the quenchant by
reducing its viscosity.
Drum Storage
Drums should be stored horizontally and kept tightly sealed to prevent
contamination with water. In cold climates care should be taken to keep the
contents from freezing. Drums should always be used in delivery rotation.
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QUENCHANT SELECTION
There are many factors to consider when selecting the most suitable
quenchant for a particular application:
•
•
•
•
•
•
•
•
•

Material composition and component section size
Specification requirements
Type of furnace
Quenching system
Method of quenching
Distortion control
Quenchant removal
Quenchant disposal
Environmental requirements

MATERIAL COMPOSITION AND COMPONENT SECTION SIZE
Material composition and component section size both have a critical role in
quenchant selection, which can be represented in the form of a sensitivity
band (Fig. 66).

Fig. 66. Sensitivity band for quenchant selection.

Material Composition
Alloy content influences hardenability and hence determines the quenching
speed necessary to develop the required hardness and mechanical
properties.
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Component Section Size
Component section size and complexity also influence quenching speed
requirements. Heavy-section components have to be quenched faster than
thin-section parts to obtain equivalent properties.
Variations in component section size will lead to uneven cooling rates that
could result in residual stresses and distortion. Wherever possible, such
components should be cooled in the slowest possible quenchant capable of
providing the required properties.
The sensitivity band provides basic guidelines regarding quenchant selection
but further advice and guidance should be obtained from your Houghton
representative.
SPECIFICATION REQUIREMENTS
Industrial or government specifications may dictate the need for a particular
type of quenchant or the provision of regular quenchant monitoring
programs.
TYPE OF FURNACE
Many different types of furnaces are available for heat treatment operations
including:
•
•
•
•
•

Batch furnaces: Box, muffle or integral (sealed) quench
Continuous furnaces: Mesh belt, cast link, pusher, rotary or shaker
hearth
Vacuum furnaces: Batch or continuous
Salt baths: Batch or continuous
Induction hardening: Batch or continuous

The majority of furnaces are suitable for use in conjunction with quenching
oils, but certain modifications or precautions may be necessary when
operating with water-based polymer quenchants.
Integral Quench Furnaces
Design modifications may be necessary to minimize the possible effects of
water vapor in the furnace atmosphere. These include ensuring a good inner
door seal and maintaining positive gas pressure in the furnace hot zone (Fig.
67).
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Fig. 67. Schematic integral quench furnace.

Continuous Furnaces
Spray curtains are required in the quenching chute to prevent contamination
of the furnace atmosphere with water vapor (Fig. 68).

Fig. 68. Spray curtain in the quenching chute of a continuous furnace.
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Salt Baths
Polymer quenchants are generally not recommended for the quenching of
steel components from salt baths due to the effects of carry-over of high
temperature salt. Polymer quenchants are used for the quenching of
aluminum after solution treatment in low temperature salt. However, it is
necessary to monitor the level of salt build-up and remove periodically by
thermal separation techniques.
Induction Heating
The use of quenching oils for spray applications is generally not desirable
due to the potential fire hazards. Polymer quenchants should be used
whenever possible.

Typical spray quenching operation using a polymer
quenchant.

QUENCHING SYSTEM
The design of the quench system, especially the degree of agitator and
method of circulation of the quenchant, and the temperature control of the
fluid, can influence the quenching characteristics obtained and thereby affect
the selection of quenchant.
METHOD OF QUENCHING
The method of quenching can directly affect the cooling rate for a given
quenchant and hence the results achieved. There are various methods such
as direct quenching, time or interrupted quenching and spray quenching.
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Direct Quenching
Direct quenching is the most common method and is used in many different
types of furnace. The component goes directly from the furnace to the
quenchant and is removed at the end of the cooling cycle.
Time or Interrupted Quenching
Time quenching is a practice used to change the rate of cooling during the
quenching process. The aim of time quenching is to cool the workpiece
rapidly to a temperature below the nose of the transformation diagram,
avoiding the formation of softer intermediate transformation products. The
component is then transferred from the first quenchant to a second quench
medium with a slower rate of cooling for martensitic transformation. For
example, a large forging may first be quenched in water for a certain length
of time and then transferred to a polymer quenchant to reduce the rate of
cooling during the convection phase. Alternatively, a polymer quenchant
may be used as the first quenching medium and air as the second. This
practice can be used to reduce quench cracking and distortion.
Spray Quenching
This quenching process is closely associated with induction and flame
hardening processes. The quenchant is applied to the components through
spray nozzles on a quench rig, and the quenching characteristics can be
influenced by the volume and pressure of the quenchant, and the design of
the spray nozzles.
DISTORTION CONTROL
Thin or complex-section components may be prone to distortion during
quenching. This can be highly undesirable depending upon the need for close
dimensional control.
A number of methods for controlling distortion can be considered:
•
•
•

Press quenching
Use of a slower quenchant
Hot oil quenching or marquenching techniques

Distortion control is difficult to achieve, as there are many sources that can
cause residual stresses and distortion - not all of them are from the heattreating operation. Material selection, part design, and prior processing all
contribute to residual stresses and distortion. An understanding of the
potential sources of residual stresses will allow the user to minimize residual
stresses prior to the heat-treating operation.
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QUENCHANT REMOVAL
The surface finish required after tempering and the need for elimination of
smoke and fumes during the tempering process may necessitate removal of
the quenchant prior to tempering. With quenching oils, this will mean the
use of aqueous cleaners, vapor degreasers or the selection of an emulsifiable
grade that will wash off in plain water.
Polymer quenchants may not require removal prior to tempering.
QUENCHANT DISPOSAL
The safe disposal of used quenchant is of high priority to industry. The
method of waste treatment or disposal can influence the type of fluid
selected, depending upon factors such as product biodegradability, local
effluent control regulations and the availability of in-house treatment
facilities.
ENVIRONMENTAL REQUIREMENTS
Health and Safety legislation is now an important factor in today’s
manufacturing industry. Greater emphasis is placed on the health, safety
and environmental aspects of the quenching process.
The smoke, fumes and fire hazards associated with oil quenching can be
eliminated by the use of polymer quenchants that should, therefore, be
considered wherever possible.

59

QUENCHING PROBLEMS AND THEIR CAUSES
The subject of safety in quenching and environmental regulations is a major
topic and could form the basis of a book in its own right. This section is
intended
to
provide
general
troubleshooting
guidelines
and
recommendations for good working practice to obtain maximum safety and
performance from the quenching operation with minimum environmental
impact.
Many aspects of safe working practice have already been covered in the
section on the design of quenching systems. This section examines some of
the problems that can occur with quenching oils and polymer quenchants
and recommends remedial action that should be taken to prevent further
occurrences.
Typical quenching problems are divided into two sections - Quench Oils and
Polymer Quenchants. Some of the problems covered in this section include:

QUENCH OILS
•
•
•
•
•

FIRE
SMOKE
DISTORTION AND CRACKING
INADEQUATE HARDNESS AND MECHANICAL PROPERTIES
HIGH DRAG-OUT

POLYMER QUENCHANTS
•
•
•
•
•
•
•

DISTORTION AND CRACKING
INADEQUATE HARDNESS AND MECHANICAL PROPERTIES
FOAMING
CORROSION
EXCESSIVE DRAG-OUT
MICROBIOLOGICAL CONTAMINATION
ODOR
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QUENCH OILS - FIRE
Fires in the heat treat shop can be very serious if the symptoms are left
untreated. Equipment, parts and lives can be lost. It is very important
should a fire occur, that personnel are properly trained, and that an effective
evacuation plan is implemented.

Fig. 69. Fire hazards during the oil This Fig. 70. Fire damage.
quenching of carburized gears.
is a

blank
space
CAUSE
Water Contamination
•
•
•
•
•
•
•

Leaking coolers
Leaking roof
Incorrect storage
Condensation
Burst pipes
Water sprinkler system
Addition of incorrect product

REMEDIAL ACTION
Identify & eliminate source
•
•

Dry or replace the oil
Introduce regular checks
contamination

for
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water

CAUSE
Failure to submerge load
•
•
•

Jamming of charge
Failure of electric hoist
Low oil level

REMEDIAL ACTION
Verify mechanical operation
•
•
•

Rate of entry too slow

Ensure rapid entry
•
•

Poor housekeeping
•
•

Oil condensation in ducting
Oily floors and walls

•

•

•
•
•
•

Increase hoist or lift drop speed
Verify pneumatic or hydraulic pressure

Improve maintenance

•

Overheating of oil

Ensure careful loading and fixturing
Provide controlled fail-safe gravity drop
system
Check for leaks and replenish as
necessary

Routine cleaning of ducts, walls, and
floors.
Clean equipment and examine for
leaks
Install drip pans

Check heat exchanger

Inefficient heat exchanger or oil
• Blocked cooling coils
cooler
• Lack of oil flow
Inadequate circulation
• Lack of circulation of cooling water
Excessive charge or weight/volume
• Blocked radiators
ratio
Verify agitation system
Inadequate oil volume
•
•
•

Pump impeller worn
Pipes blocked
Impeller missing on
installed incorrectly

agitator

Verify quench system
•
•
•
•
•

Increase oil volume
Decrease charge weight
Increase quenchant volume
Check for debris (scale, sludge, etc)
Increase size of quench tank

Contamination with lower flash point Verify proper quenchant
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or

QUENCH OILS - SMOKE
CAUSE

REMEDIAL ACTION

Overheating of oil
Inadequate oil circulation or agitation

See Quench Oils - Fires
Check efficency of agitation
•
•
•

Poor shop ventilation
Premature removal of work
Failure to clean prior to hardening
tempering
Inefficient cleaning prior to temper

Incorrect level of agitation
Reduced efficiency due
debris in tank
Blocked filters or pipework

to

Improve ventilation
Allow longer time in quench
or Introduce wash facility
Improve washer efficiency
•
•
•
•

Verify concentration
Increase cleaner concentration
Verify nozzles are open
Verify that oil skimmers are
operating properly

Fig. 71. Smoke and fume problems in
the heat treat shop.
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QUENCH OILS - DISTORTION AND CRACKING
CAUSE
Non-uniform agitation

REMEDIAL ACTION
Improve uniformity
•
•
•

Mechanical handling damage

Improve mechanical handling
•
•
•

Load configuration

Access possibility of mechanical damage
Improve quenchant circulation
Increase distance between parts

See Quench Oils - Fire
Use correct quenchant
•
•

Bath temperature too low
Oxidation of oil

Check fixturing
Review design of quench chute
Review design of handling equipment

Improve load configuration
•
•
•

Water contamination
Incorrect quenchant

Check operation of pumps or impellers
Review quench tank design
Review load configuration

Use slower quench speed
Consider use of martempering

Increase Temperature
Verify oil condition
•
•
•
•

Check condition of oil
Filter oil
Remove sludge and debris
Replace oil
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CAUSE
Component design

REMEDIAL ACTION
Change design
•
•

Decarburization

Check furnace atmosphere
•
•
•
•

Furnace overheating

Minimize changes in section
Avoid sharp corners or stress risers

Verify calibration of oxygen probes
infrared analyzers
Verify generator settings
Verify nitrogen/methanol flow rates
Inspect furnace for leaks and repair

or

Check pyrometry
•
•
•
•

Inspect thermocouples
Inspect furnace uniformity
Inspect temperature controllers for proper
settings (proportional band, rate, reset, etc.)
Inspect
temperature
controllers
for
temperature calibration
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QUENCH OIL – INADEQUATE HARDNESS OR MECHANICAL
PROPERTIES
CAUSE
Water contamination
Incorrect quenchant

REMEDIAL ACTION
See Quench Oils - Fires
Use faster quenchant
•
•

Low oil temperature
Inadequate oil agitation

Increase oil temperature
Review quench agitation
•
•
•

Austenitizing temperature
low
Inadequate soak time
Decarburization
Retained austenite

Consider use of faster oil
Consider aqueous quenchant

See Quench Oils - Smoke
See Quench Oils - Distortion and Cracking
Modify system if necessary

too Increase austenitizing temperature
Increase soak time
See Quench Oils - Distortion and Cracking
Verify retained austenite
•
•
•

Check carburizing conditions
Consider subzero treatment
Consider multiple tempering
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QUENCH OILS - HIGH DRAG-OUT
CAUSE
Heavily oxidized oil

REMEDIAL ACTION
Verify condition of oil
•
•

Component configuration

Review component and load
•
•
•

Insufficient drainage

Treat or replace oil
See Quench Oils - Distortion and Cracking

Reduce pockets
Reduce surface area
Improve fixturing for drainage

Increase drainage time
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POLYMER QUENCHANTS – DISTORTION AND CRACKING
CAUSE
Concentration too low

REMEDIAL ACTION
Increase concentration
•
•
•

Add polymer
Verify refractometer operation
Verify refractometer calibration

Bath temperature too low
Increase temperature
Bath temperature too high (PAG Decrease temperature
or PEO)
• Ensure bath temperature is
inverse solubility temperature
Nonuniform agitation

Minimize changes in section
Avoid sharp corners or stress risers

Verify polymer condition
•
•

Incorrect polymer

Check operation of pumps or impellers
Review quench tank design
Review load configuration

Change design
•
•

Degradation of polymer

the

Improve uniformity
•
•
•

Component design

below

Verify cooling rates
Verify refractometer readings and calibration

Select alternative product
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CAUSE
Contamination

REMEDIAL ACTION
Determine contamination source
•
•

Furnace overheating

•

Inspect thermocouples
Inspect furnace uniformity
Inspect temperature controllers for proper
settings (proportional band, rate, reset, etc.)
Inspect
temperature
controllers
for
temperature calibration

Improve mechanical handling
•
•
•

Load configuration

filtering,

Check pyrometry
•
•
•

Mechanical handling damage

Remove
contamination
by
skimming or thermal separation
Replace polymer

Check fixturing
Review design of quench chute
Review design of handling equipment

Improve load configuration
•
•
•

Access possibility of mechanical damage
Improve quenchant circulation
Increase distance between parts
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POLYMER QUENCHANTS - INADEQUATE
MECHANICAL PROPERTIES
CAUSE

Increase temperature
Decrease temperature
Review quench agitation
•
•

and

Verify furnace thermocouples
Verify temperature controller calibration

Increase soak time
Verify furnace atmosphere
•
•

Retained austenite

See Polymer Quenchant -Distortion
Cracking
Modify system if necessary

See Polymer Quenchant - Foaming
solution Increase temperature
•
•

Inadequate soak time
Decarburization

OR

REMEDIAL ACTION

Concentration too high
Bath temperature too high
Inadequate polymer agitation

Foaming
Austenizing
or
temperature too low

HARDNESS

See Quench Oils - Distortion and Cracking
Check quench chute for proper operation
and contamination from water vapor

Verify retained austenite
•
•
•

Check carburizing conditions
Consider subzero treatment
Consider multiple tempering
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POLYMER QUENCHANTS - FOAMING
CAUSE
Air entrainment

REMEDIAL ACTION
Verify air entrainment
•
•
•

Contamination

Identify contamination and source
•
•
•
•

Cascading
Low bath volume
High spray pressure

Check for air leaks
Pump cavitation
Agitator vortexing or cavitating

Identify contamination
Eliminate contamination (skimmers, thermal
separation, etc.)
Treat with defoamer
Replace system

Consider quench system redesign
Increase fluid level
Verify system
•
•
•

Reduce spray pressure
Redesign spray nozzles
Examine spray nozzle configuration
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POLYMER QUENCHANTS - CORROSION
CAUSE

REMEDIAL ACTION

Corrosion inhibitor depletion
Add appropriate corrsosion inhibitor
Polymer concentration too low Increase concentration
Biological contamination
See Polymer Quenchants - Microbiological
Contamination
Material incompatibility
Consider system redesign

POLYMER QUENCHANTS - EXCESSIVE DRAG-OUT
CAUSE

REMEDIAL ACTION

Surface
temperature
of Allow longer time in quenchant
component too high
Polymer concentration too high Reduce concentration
Component configuration
Improve drainage

POLYMER QUENCHANTS - ODOR
CAUSE
Microbiological contamination

REMEDIAL ACTION
See Polymer Quenchants - Microbiological
Contamination
of Allow longer time in quenchant

Surface
temperature
component too high
Poor
ventalation
during Improve ventalation
tempering
Incomplete
breakdown
of Wash components prior to tempering
polymer during tempering
Inadequate
cleaning
after Improve washing
quenching
• Increase wash time
• Improve impingement on parts
• Reused wash water has too much polymer thermally separate rinse water or discard
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POLYMER QUENCHANTS - MICROBIOLOGICAL
CONTAMINATION
CAUSE
Contaminated make-up water

REMEDIAL ACTION
Identify Source
•
•
•

Presence of tramp-oil

Eliminate source
•
•

Stagnant systems
Extraneous debris
Airborne source

Eliminate if possible
Treat with suitable biocide
Thermal separation of polymer and water,
then reconstitute

Use skimmers or centifuge
Thermal separation

Maintain constant circulation
Improve housekeeping
Identify Source
•
•
•

Eliminate if possible
Treat with suitable biocide
Thermal separation of polymer and water,
then reconstitute
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SUMMARY
In order to obtain optimum performance and safety from the quenching
process, careful attention should be paid to quenchant selection and the
control and monitoring of fluids during use.
Houghton International organization is a worldwide leader in quenching
technology and application expertise. A wide range of quenching fluids and
ancillary products is available to meet the exacting requirements of all types
of process.
PRODUCT RANGE

BRANDNAME

Polymer Quenchants

•

Aqua-Quench

Cold quenching oils

•

Houghto-Quench

Hot quenching oils

•

Mar-Temp

Emulsifiable quenching oils

•
•
•

Klen-Quench
Klen-Temp
E Grades

Vacuum quenching oils

•
•

Vacu-Quench
Houghto-Quench

Tempering oils

•

Mar-Temp

Quenching emulsions

•

Houghto-Quench

Inorganic salt solutions

•

Aqua-Salt

Corrosion inhibitors

•

Rust Veto

Cleaners

•
•

Cerfa-Kleen
Houghto-Clean

•

ivf quenchotest

Additive packages
Refractometers
Quench-rate testing equipment

Further information or specific application advice can
by contacting your local Houghton Technical Representative.

be

obtained
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