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Abstract The QTS 124 agitation quench tank manufactured by L&L Special furnace Co. Inc to be used for uniform
quenching of hot metals was redesigned, modified and developed for the purpose of this research. After modification the
equipment can be used with different quenching media such as water, oil, light polymer and brine. Other distinguishing
features introduced in the machine are electric heater and thermostat so that quenchant can be pre-heated to different
temperatures to determine the effect of temperature gradient on hardness of metals and also obtain the optimum initial
quenching temperature of quenchant for the desired mechanical property of any metal during heat treatment. Performance
evaluation of the machine was carried out with as-cast Al 6050 alloy heated to 350°C and was quenched in water and oil from
20°C at 10°C interval to 80°C with and without agitation of the quenchant. The results showed that for both water and oil
hardness decreases as quenchant temperature increases with and without agitation. Uniform and steady rate of cooling was
achieved by agitation of samples in the quenching media. Also from hardness values obtained, water has greater effect on

hardness of Al 6050 alloy when compared to oil for dimension of the specimen used.
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1. Introduction

Heat treatment of metals and alloys is one of the many
wonderful processes discovered by man to mould materials
to desired properties for making tools, implements,
components and machines. It is a multiparameters process in
which the selection of appropriate parameters predicts
required behaviours of treated components. Heat treatment
can be defined as an operation or set of operations in a
metal involving heating for a period of time and cooling at a
control rate to change the mechanical properties of the
metal without changing the shape [1]. Transformation in the
solid state can be obtained using heat treatment procedures,
which cause changes in microstructure resulting in
materials with a wide range of hardness and mechanical
properties. Although an exact relationship between hardness
and wear performance does not exist, hardness has
traditionally been the properly used for quality control,
selection of steel, and heat treatment and performance
evaluation [2, 3].

The QTS 124 quench tank developed by L&L Special
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Furnace Co Inc is used for the uniform quenching of hot
steels. It may be used with water, lightweight polymer, or oil.
It is not designed for use with brine. Water or polymer must
have rust inhibitors (or else tank must be stainless steel). The
QTS 124 features proper agitation which insures uniform
quenching and disperses the bubbles of vaporized quenchant
that form on the surface of the hot parts being quenched.
These bubbles, if not dispersed, can cause uneven quenching
times which would result in a poorly quenched part. The
agitation also prevents localized overheating which, in the
case of oil quench media, could cause a fire [4]. Reference [5]
also designed a quench tank agitation using flow modelling
and the quench speed was timed by the programmable logic
controller.

Quenching is a critically important process in the
development of desired metallurgical properties in the heat
treatment of steel and aluminium alloys. According to [6],
quenching was described as a crucial step to suppress the
precipitation to retain the supersaturation of solid solution,
control the distortion, and minimize the residual stress in
aluminium alloys. Quenching media commonly used for
aluminium alloys include brine solution, air, water, oil and
polymer solutions to obtain certain hardness and mechanical
properties requirements [7, 8]. The ideal quenchant is one
that exhibits little or no vapour stage, a rapid nucleated
boiling stage, and a slow rate during convective cooling [9].
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There are many factors that affect heat transfer rates during
quenching and thus also affecting cooling curve shape. The
most important of these factors and their effect on heat
transfer rates are as summarized in table 1. The kind of
quenching medium, the selection of quenching medium
temperature and the selection of the medium state
(unagitated, agitated) are determining factors [10].
According to [11], it is possible to determine the heat transfer
coefficients during quenching using a probe.

Reference [12] in their study used simulation to analyze
two models of agitation system in quench process. The
results showed that the cooling of material was not uniform
for the case one (agitation in the bottom of the tank), because
the temperature profile of one side was very different from
the others, showing that in this case it is possible to occur
different formation of microstructures in the same material.
For the case where a lateral arrangement is used abetter
uniformity was achieved. They therefore concluded that
cooling uniformity is necessary to avoid the formation of
different microstructures. Their analysis provides
information of how computational fluid dynamics (CFD) can
be used to improve control of quench process for optimal
quench uniformity.

Proper agitation insures uniform quenching and disperses
the bubbles of vaporized quenchant that form on the surface
of the hot parts being quenched. These bubbles, if not
dispersed, can cause uneven quenching times which would
result in a poorly quenched part [4]. The agitation also
prevents localized overheating which, in the case of oil
quench media, could cause a fire. Optimal quench uniformity
is essential if the potential for cracking, distortion, residual
stress and spotty hardness is to be minimized. This means
that heat transfer during the film boiling (vapour blanket)
and nucleate boiling processes during heat transfer in
vaporizable liquids such as water, oil and aqueous polymers
must be as uniform as possible throughout the quenching
process. One of the most important factors affecting quench
uniformity is the design of the quench system. Deficiencies
in system design have frequently been inadequately
addressed by both heat treating engineers and equipment
suppliers, often with disastrous results. Reference [13]
stressed further that to achieve optimal properties the cooling
rate should be as uniform as possible. Therefore, magnitude
and turbulence of fluid flow around a part in the quench zone
is critically important relative to the uniformity of heat
transfer throughout the quenching process. The impact of
non-uniform flow is increased distortion and cracking. So it
is critically important to optimize the uniformity of fluid
flow in the quench zone to provide optimum control of
distortion and to minimize cracking. Studies by [14] revealed
that hardness of quenched sample is not uniform throughout
the entire volume of the sample that it decreases with
distance from the quenched end. There are many factors that
affect heat transfer rate according to [15] during quenching.
The most important of these factors are summarized in
table 1.

Table 1. Factors Effecting Heat Transfer Rates

PROPERTIES OF THE HEAT TRANSFER
FLUID COEFFICIENT
Type of Quenchant T
Concentration T l
Rate of Agitation T T
Bath Temperature T !
PROPERTIES OF THE HEAT TRANSFER
SAMPLE COEFFICIENT
Thermal Diffusivity T T
Sample Diameter T !
Surface Roughness T T
Surface Oxidation T l

Increasing T
Decreasing |
Source: UCON Quenchants User’s Manual

According to [16], proper agitation of the quench bath is
often the single parameter that dictates the success of the
quenching process. That increasing agitation rates will result
in a corresponding increase in heat transfer rates all three
cooling phases during the quenching process. Quenching
tank agitation can be provided by various methods including
recirculation pumps, submerged spray, air or nitrogen sparge,
impeller stirrer, ultrasonic’s, actual movement of the part
itself, or a combination of two or more of these methods.
Many schemes are deployed to ensure quench effectiveness:
speed of drop, quenchant temperature, quench concentration
and water soluble additives. However quench tank agitation
has not been studied in the field as thoroughly as the other
phases. The main obstacle has been the inability to see the
flows and how they are related to the loads insert into the
tanks. Many quench tanks are installed with designs that
move volumes of quenchant with limited consideration to
flow pattern and additions of work fixtures. Work fixtures or
baskets can disrupt a seemingly well thought out agitation
scheme in ways that completely defeat the designed agitation
[5]. Therefore, the purpose of this study is to show how a
seemingly “well” agitated quench tank can be studied and
the process improved by introducing features that ensure its
versatility.

2. Materials and Methods

2.1. Material Selection

The machine consists of the following component parts:
Electric motor, electric heater, caster wheels, control
switches, thermostat, specimen basket, quenching tank, tank
cover, agitator (impeller), drain pipe and shaft coupling. In
order to prevent corrosion, 18/8 grade steel was used to
construct the frame, quenching tank, specimen basket, and
cover. The shaft coupling was made of cast iron while the
impeller was made of mild steel. Necessary assumptions
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were made on selection of type and power rating of electric
motor and electric heater.

The quenchant used in the study are water and Oil
Though according to [15], severe distortion and residual
stresses are often encountered when aluminium is quenched
in water, but when oil is used as quenching medium a drastic
reduction in both residual stresses and distortion is achieved.
A quenchant having similar physical properties with UCON
nitrite quenchant A was selected.

The quenchant with physical properties in table 2 is a
non-flammable aqueous solution of a liquid organic polymer
and a corrosion inhibitor produced by Mobil oil producing.
When mixed with water at 1:1 it produces a clear
homogenous solution at room temperature.

Table 2. Physical properties of Quenchant

Properties Data
Weight per Gallon at 20°C, lbs 9.09
Specific gravity at 20/20°C 1.086
Flash point °C None
Pour point -18
pH Range 9.0-11.0
Rust Inhibitor Pass
Viscosity at 100°F, SUS 2100-3000
Viscosity at 100°F, cSt 450-620

Source: Mobil Oil Producing User’s Instruction label

2.2. Methods

2.2.1. Theoretical Frames
Design of quenching tank and specimen basket

Quenching tank (0.209m*) and perforated specimen
basket are made of 1mm thick stainless steel sheet.

Volume of tank and basket were determined using
equation (1)

V:%Dm (1)

where, V = Volume of tank, D = Diameter of tank, H =
Height of tank.

Design of Agitator

The nominal diameter of the impeller shaft was selected
based on strength and rigidity. The agitator is a four blade
angled impeller for open and close system suitable for oil,
brine solution, water and polymer solution.

The required power level is proportional to mixer speed by
equation (2)

P aN*3[16] )
Where P = power and N = impeller speed.
Design of the control switch

All electrical connections were at normal for liquid tight
box. An On/Off was included for the electric heater and a
Start/Stop button for the agitation circuits inside the box. The
control switch voltage is 240V.

Design of Shaft coupling and Keyway

A sleeve coupling was designed to transmit full torque by
means of a key and a sleeve from electric motor to the
agitator and to reduce transmission shock load during
operation.

The usual proportions of a cast iron sleeve coupling are as
shown in equations 3a and 3b was used in the design.

D=2d+13mm[17] (3a)
L=3.5d[17] (3b)

Where D = outer diameter of sleeve, L = length of sleeve
and d = diameter of shaft.

The length of the coupling key is designed according to
equation (4)

L 3.5d
I=2=—"117] “)
where 1 = length of coupling key.
Drain pipe

Drain pipe of diameter 30 mm was created near the bottom

to drain the tank. The pipe is capped.

2.2.2. Fundamental Assumptions

1) Electric heater selection

An electric heater rated 1500W was selected considering
the capacity of the quenching tank to be attached to the base
on one side of the machine. The power output is sufficient to
pre-heat the quenchant to a specified temperature within a
short period. A thermostat is provided to control the heater.

The power rating was determined using equation (5)

mcO
t

P=

(&)

Where P = Power in Watt, m = mass of quenchant in Kg,
© = maximum expected temperature of the quenchant in °C,
t = time of heating in seconds, c= Specific heat capacity of
quenchant in JKg'°C™.

2) Electric motor selection

The electric motor used is 0.5Hp with a maximum speed
of 1400rpm. Torque delivered by the motor is given by
equation (6)
2mNP

w0 7] (6)

Where T = Torque in Nm, P = Power in Watt, N= Speed
of electric motor in rpm.

According to [10], input power into the oil per 1Kg P
was calculated from torque moment and angular velocity
values at device for swirling by formula in equation 7

Py = 22 [16] ()

T=

Where

T = Torque moment

N= rotational speed

m = mass of oil in device
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3) Selection of Caster Wheels

Four swivel caster wheels each of diameter 27mm were fixed for mobility of the machine. Two of these are stationary
while the remaining two are movable for controlling and steering.

2.3. Experimental Procedure

2.3.1. Materials

The mechanical properties of cast Aluminium alloys of 6000 series are very attractive for many applications in military,
automotive and aircraft industries since the silicon, as the major alloying element, can offer excellent castability, medium
strength, good forming, good corrosion resistance characteristics, and machinability. Also the presence of small amount of
magnesium makes the alloy heat treatable [6].

Cast Al/Si, Al/SiMg-alloy (Al 6050) with the chemical composition in Table 2 is selected for the present investigation.
Energy Dispersive X-ray Fluorescence Spectrometer EDX 3600B was used to conduct accurate analysis of elemental
composition of the cast aluminium alloy.

Chemical Composition of Al 6050 alloy (wt %)

Si Fe Cu Mn Mg Cr Ni Zn
% % % % % % % %
8.74 0.61 1.75 0.313 0. 258 0. 022 0. 081 1.59
Ti Be Bi Ca Cd Co Na P
% % % % % % % %
0.26 <0.0001 0. 0025 0.0021 0.0014 <0.0010 <0.0001 <0.0010
Pb Sn Sr v Zr Al Bg
% % % % % % %
0. 106 0.023 <0.0001 0.0047 0.0029 86.5 <86.5
2.3.2. Sample Preparation 3. Result and Discussion

Among the major casting processes, permanent mould . . . .
casting can provide better mechanical properties, smoother ~3+1- Modified Agitated Quenching Machine
cast surface, less tendency for entrapped gas, and finer Figures 1-5 show the picture, geometric model, third angle

dendrite arm spacing and grain structure [18]. About 25 Kg  projection, and exploded view of the manufactured modified
of Al 6050 knuckles were melted in a Morgan molten metal QTS 124 L&L Quench machine.

crucible furnace and cast into the pre-heated cast iron mould.
The melt pouring temperature was kept constant at 800°C.
Aluminum alloy bars of dimension 200 x100 x 50 mm were
cast in a permanent mould in the Foundry Workshop of
Lagos State Polytechnic. Specimens of dimension 60 x 30 x
15 mm were fabricated from the cast bars and used in this
study. The specimen was preheated to 350°C in a Bamford
Sherfield Carbolite heat treatment furnace and was quenched
in water and oil (liquid organic polymer) from 20°C at 10°C
interval to 80°C with and without agitation of the quenchant.
The tank agitation used in this study is 1400rpm.

For the determination of hardness values sample surfaces
were prepared using polishing machine model TegraPol-31,
with silicon dioxide emery paper of grit size 4 x 10 um.

2.3.3. Hardness Number Measurement Test

The Rockwell hardness test was done on Albert Gnehm
Rockwell hardness tester. Twenty eight samples of Al 6050
were prepared. The Rockwell hardness values with reference
scale HRB were taken for all samples and shown by graphs.
Hardness before heat treatment (as cast) is 69HB. Figure 1. Picture of the Agitated Quench machine
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Figure 2. The Isometric view of the Agitated Quench machine
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Figure 3. The third angle projection of the Agitated Quench machine
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Modified L & L QTS 124
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Figure 4. The exploded view of the Agitated Quench machine
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Figure 5. Comparative hardness of Al 6050 Alloy in water and oil
3.2. Hardness Number

Figure 5 shows the hardness values of the aluminium cast
after quenching in water and oil. It reveals a uniform and
steady rate decrease in hardness as temperature gradient
closes when quenchant was agitated. This is due to

homogenous and decrease in formation of matensite in the
Aluminium alloy matrix. The graphs also reveal non uniform
and non-steady unagitated samples with decrease in hardness
values as temperature gradient closes. The lower hardness
value of the as-cast sample.
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4. Summary

The

following summary can be drawn from the present

study:

1.

2.

The Quenching Equipment was modified, fabricated
and worked effectively with more versatility.

The rate in decrease of hardness of unagitated of
quenched samples is not uniform throughout the entire
section of the sample due to non uniform heat transfer.
The rate in decrease of hardness of agitated samples is
uniform throughout the section due to improvement in
film formation and therefore enhancing the uniformity
of the heat transfer process.

The equipment has no limitation in the use of
quenchant.

The equipment allows for variation of temperature
gradient between the specimen and quenchant.
Comparing the hardness values obtained for various
sample when quenched in water and oil. It obvious
that water is more suitable for thick aluminium alloys
as there could be quenching distortion if water is used
for thin sheet of aluminium alloys.

Massive production and use of the equipment for heat
treatment in the industries, research institutes and
educational institutions will assist a developing
country in ensuring its drive towards sustainable
development in materials applications.
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