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Cooling Water Considerations in DC Casting
By Shaun Hamer, AluMore

C

ooling water quality in DC
casting is critical (although
by no means an exact science). The stability and repeatability of water ﬂow, temperature, and chemical properties are
important for the process and product quality. However, the relevance
of system maintenance and water
quality monitoring and control is often overlooked.
Many of the water variables are
eliminated if the available water
can make a single pass through the
system before being returned to the
source. This ability is typically limited to primary plants located on
fjords or large waterways, where
the water is drawn directly from
the source and returned after passing through the process. These large
bodies of water have the added advantage of having stable and repeatable temperature and quality levels,
which complements the casting
process.
Remelt plants rarely have this
luxury and must rely on open recirculating systems to provide the
process water to the casting pit.
Conﬁgurations of these systems
vary based on design philosophies,
environmental considerations, and
plant layout, but typically consist of
supply pumps taking water from a
cold well to the casting pit and then
returning the water by pump to a
hot well, through cooling towers,
and ﬁnally back to the cold well.
Evaporation losses during the casting process and from the water towers necessitate the need for regular
water replenishment along with
blowdown of the system to regulate
the level of suspended solids in the
water and overall water chemistry.
Emergency water via gravity feed
or city water supply is also a critical safety measure in the event of
power loss or pump failure.
Water System Maintenance
Although casting equipment suppliers typically provide casting
water quality recommendations,
the chemistry from plant to plant
is invariably determined by the incoming water supply, whether this
be city, well, river, or other water
source. Casting practices can be
developed to accommodate the
characteristics of the water supply
to compensate for quenchability,
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Figure 1. Residue on 1000 series slab surface, likely attributable to water quality deterioration promoted by the practice of applying
heavy lard as a lubricant on the mold surfaces
prior to start-up of the cast.

alkalinity, and all other characteristics of the local water source. The
problems occur when the water
ﬂuctuates between maintenance
cycles of the water system. Because
of the relative robustness and overall simplicity of these systems, they
typically remain reliable and do not
necessarily become part of a plant’s
preventative maintenance program.
However, improper maintenance
and control of the cooling water
system can rapidly lead to process
issues (Figure 1), including frequency of bleedouts, metallurgical imperfections, surface discoloration,
bent ingots, distorted solidiﬁcation
patterns, water staining, hot cracking, etc. Problems can also arise
with accelerated corrosion of supply lines, mold, and algae build-up
in the cooling towers and accelerated blocking of ﬁlters and screens.
Several water treatment companies
offer different levels of water monitoring to control water quality, from
simple TDS meters to complete,
closed-loop inline dosing of chemicals for control of alkalinity, incrustation and corrosion, silica dispersion, microbiological growth inhibitors, biocide treatment, aluminum
corrosion inhibitors, and grease and
oil dispersants. Ozone treatment is
also frequently used either independently or in conjunction with chemical treatments as another method
of water quality control.

Chemical treatments are relatively
inexpensive and highly recommended. However, from experiences at
several remelt plants and feedback
from other casting specialists, it is
the author’s opinion that these systems are only as good as the way
they are controlled. Most of the advanced systems are sold as part of a
service contract, which includes replenishment of chemicals and regular on-site service by a technician.
Without a full understanding of the
casting process and system requirements, the levels of chemical dosing
can adversely affect the process and
create casting and metallurgical issues, and even health concerns, if
for example, excessive chlorine or
other toxic chemical dosing levels
become elevated. Because the plants
enter into maintenance contracts, it
is not unusual for the plant to rely
on the service technician’s advice
and ability to correctly maintain and
monitor the system. However, it is
recommended here that plants not
rely totally on the water treatment
company, but include in-house water quality measurement as a check
and balance of the system.
Water testing is a relatively simple
process and testing equipment is inexpensive and can often be supplied
by the water treatment company. An
example of typical in-house monitoring is shown in Table I. Sampling can
be scheduled on a daily, weekly, or
monthly basis depending upon the
reliability of the system or whenever
casting anomalies occur. The testing
can be conducted by a quality control technician or a maintenance engineer who has been trained in use
of the equipment.
Identifying Water Problems
Without the luxury of water quality stability, the identiﬁcation of
water issues relies on the experience of the casting crews to know
and understand characteristic signs
in the process that can be related
to water anomalies. Even without
temperature and water ﬂow feedback, experienced operators can
quickly identify if the incoming water temperature is out of tolerance
or there is a restriction to the water
ﬂow supply and modify the casting
process to suit or abort the drops
in extreme cases. However, other
characteristics are less easy to idenLIGHT METAL AGE, APRIL 2018

WATER ANALYSIS
SAMPLE LOCATION: CASTING PIT
Parameter

Range

Aug 4

Aug 7

Aug 11

Aug 14

Ph

7.5 – 8.0

7.7

7.7

7.7

7.7

Conductivity

< 1500 µs

869

841

832

767

Chlorine

0.1 – 0.7 ppm

0.17

0.18

0.18

0.15

Iron

< 1 ppm

0.37

0.37

0.34

0.27

Calcium
Hardness

< 300 ppm

64

62

66

50

Magnesium
Hardness

< 20 ppm

4

6

8

4

Table I. Example of a typical in-house water quality monitoring system.

tify, including localized blocking of
mold screens causing water pattern
changes on individual molds and
quenchability or alkalinity changes—all of which can lead to surface
defects and unexpected bleedouts
in extreme cases.
Discoloration After Heat Treatment: A characteristic that raises a
lot of questions and discussion is the
discoloration of cast product after
heat treatment (Figure 2). When billets come out of the homogenizing
furnace heavily discolored, it is not
uncommon to focus attention on the
homogenizing ovens. Preventative
measures sometimes include the use
of adding oxidizing powders into the
furnaces to minimize the oxidization effect to the billet. These powders are typically corrosive and environmentally unfriendly and should
be avoided as much as possible to
minimize damage to the furnace and
to control the environment both for
air quality compliance and operator
safety.
A simple test the author has implemented at various plants is to have
the crews take an angle grinder and
remove a section of the billet surface
in either the scrap, head, or tail sec-

tion of the billet before the load is
charged into the furnace. By removing the surface segregation layer of
the billet, the machined area has not
been exposed to any inﬂuence of the
direct cooling water impingement
during the casting process. After homogenization, if this zone does not
discolor the same way as the rest of
the billet, the cause of the discoloration can be fairly assumed to be a
reaction to the direct cooling process at the casting pit rather than issues with the homogenizing furnace.
Issues with Organic Lubricants:
The use of organic lubricants in the
casting process is traditional and
used for a variety of reasons, including relative cost compared to synthetic oils, existing practices, and
compliance with water composition
limitations for blowdown sewer disposal. With the exception of cost,
there are mechanisms today to replace organic with synthetic oils.
At a recent North American installation, the plant introduced a program to replace the traditional lard
application of their ﬂoat and spout
tooling with a synthetic oil. Despite
resistance from the casting crews,
this change was successfully imple-

Figure 2. Homogenized 7 inch, 6063 billet showing surface discoloration (left) and ideal surface
color (right), both produced under identical conditions. The only process difference was the time
between cooling water cleaning cycles.
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mented and immediately made a difference on post-homogenized billet
discoloration. Synthetic oil had no
effect on the casting process or the
overall product quality throughout
the large range of alloy series produced by this plant.
A secondary beneﬁt of removing
organic lubricants from the casting
process, especially in plants where
there is not a structured treatment
regime, is to minimize the risk of
health issues from bacteria growth
at the cooling tower, which can potentially lead to legionella and other
airborne illnesses. It is not uncommon in installations without a water
treatment regime to see cooling towers rapidly develop mold and algae
build up when organic lubricants are
used, because the oxygen enriched
water in the tower and the elevated
temperatures provide ideal conditions for this type of growth (Figure
3). This growth not only increases
the health concerns at the plant, it
also reduces the efﬁciency of the
cooling towers leading to further
water-based casting process issues.
Conclusion
In summary, the cooling water in
the DC process is a critical but often
overlooked process variable. Closed
loop cooling water treatment systems
are an inexpensive insurance for
plants to maintain repeatable water
quality, but this should be coupled
with in-house oversight of the systems. Acceptable water quality can
also be prolonged by moving away
from organic oil and lard products,
which can help to minimize process anomalies and produce more
repeatable end product quality. ■

Figure 3. Sludge build up in a cold well after
only two months of operation with no chemical treatment regime.
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