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Description

The present invention relates to metal quen-
chants which are used in the heat treatment of
metals. In particular, the present invention relates
to novel metal quenchants containing oxazoline
polymers and to heat treatment processes which
employ such metal quenchants.

It is well known that the physical properties of
metals and alloys can be modified or improved by
heat treatment and various heat treatments have
been devised which allow such modifications or
improvements to be carried out. Typically such
treatments involve heating the metal to an
elevated temperature below its melting point and
subsequently cooling it to room temperature. The
cooling process, usually called “quenching”, is
accomplished by immersing the hot metal in a
bath of a liquid, such as water or oil, which has a
large thermal capacity and can absorb the heat of
the metal.

For many quenching applications, for example
in cooling hot alloy steels, water is however not
suitable. This is because water cools the metal so
rapidly that stresses are introduced which tend to
cause cracks or deformations to appear in the
cold metal. In steel this is a particular problem
since, on rapid cooling not only do thermal
stresses appear but, for steels heated above their
austenitisation temperature, there appear also
transformation stresses.

Transformation stresses in steels arise because
during quenching, the steel transforms from a
high temperature stable Austenite phase having
one structure to a low temperature stable Marten-
site phase having a different physicai structure.
Since the Austenite phase is denser than the
Martensite phase the overall effect of the trans-
formation is to cause the metal to expand. If
however the steel is quenched to rapidly, trans-
formation of Austenite to Martensite occurs
initially at the metal surface only, resuiting in a
steel having regimes of the Martensite phase
surrounding the Austenite phase. Subsequent
transformation of the residual Austenite phase
then generates surface tensile stresses in the cold
steel thereby increasing the likelihood that the
steel will crack or deform.

In such situations, oil can be used as an alterna-
tive to water. However although oil quenches
metal at a slower rate than water does, it suffers
from the disadvantages of (1) being flammable
and {(2) of being prone to faul the metal surface. It
is desirable, therefore, to produce a quenchant
having quenchant properties similar to those of
oil without the associated drawbacks.

US 4,486,246 discloses an aqueous based metal
quenchant fluid which has properties more com-
parable with oil than water while avoiding
flammability and fouling probiems. The quen-

chant comprises an aqueous solution of a non-.
jonic water-soluble or water-dispersable sub-

stituted oxazoline polymer having recurring units
of the formula —[N(COR)CH,CH,]— where R is an
organic radical. The quenchants are claimed to be
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of lower viscosity than, for example, aqueous
polyoxyalkylene quenchants such as are
described in US 3,220,893.

it has now been discovered that improved
cooling rates over those obtained using quen-
chants of the type disclosed in US 4,486,246 and
the prior art can be obtained using aqueous
polyoxyalkylene quenchants containing oxazoline
polymers.

Accordingly, the present invention provides a
guenchant for use in the heat treatment of metals
or alloys characterised in that the quenchant
comprises an aqueous solution of a polyoxy-
alkylene glycol and an oxazoline polymer.

As regards the polyoxyalkylene glycol this is
suitably a poly{oxyethylene){oxypropylene) giy-
col, known in the art as a PAG, made by
polymerising ethylene oxide and propylene oxide
on an alcohol or polyfunctional alcohol starter.
The poly(oxyethylene)oxypropylene)giycol can
be either a random or block copolymer. In addi-
tion the polyoxyaikylene glycol should preferably
have a viscosity in the range 15—30,000 centi-
stokes at 40°C (corresponding to a molecular
weight in the range 10,000—20,000). The polyoxy-
alkylene glycol suitably constitutes between 2 and
26% by weight of the quenchant preferabiy
between 5 and 20%.

The oxazoline polymers which can be used in
the quenchants of the present invention have
been disclosed in US 4,486,246, These oxazoline
polymers are water soluble or water dispersable
and are suitably constructed of units having the
formula —{N(COR)CH,CH,]— where R is an
organic group selected from the group consisting
of substituted or unsaturated phenyl groups and
C—C; alkyl groups. It is preferabie that the
oxazoline polymer has a moiecuiar weight in the
range  5000—1,000,000 most preferably
50,000—750,000 and that at least 50% of the R
groups are a C,—C; alkyl groups. Preferred R
groups include methyl, ethyl, propyl, butyl,
isobutyl, phenyl and substituted, e.g. halogenated
and alkoxylated, derivatives thereof. The
oxazoline polymer may be either a homopolymer
or a copolymer made from one or more types of
the units mentioned.

Oxazoline polymers can be prepared by
polymerising unsaturated oxazoline monomers
under an inert atmosphere in the presence of a
catalyst. A method which may be used to carry
out a polymerisation is described in US 3,483,141.
Certain oxazoline polymers, e.g. polyethyl-
oxazoline, are commercially available.

The oxazoline polymer should be present in the
quenchant in amounts corresponding to between
0.1 and 5% by weight of the quenchant. Prefer-
ably between 0.5 and 2% by weight oxazoline
polymer should be used.

In general the rate of quenching decreases as
the concentration of the oxazoline polymer in the
guenchant increases. Likewise the rate of quench-
ing decreases as the concentration of polyoxy-
alkylene glycol in the quenchant increases. The
presence of large quantities of polyoxyalkylene
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glycol should be avoided if possible, however, in
order to avoid the quenchant becoming too
viscous.

In addition to the components described above
other components, familiar to those skilled in the
art, may optionally be added to improve the
performance of the quenchant. Such components
include corrosion inhibitors, for example sodium
nitrite and alkanolamines, defoamers, biocides
and metal deactivators.

As mentioned previously, although they can be
used with any metal or alloy the quenchants of
the present invention are particularly suitable for
the quenching of steels amd especially so far
those which have been heated above their Auste-
nite-Martensite transition temperature. The exact
temperature of this transition will depend upon
the exact composition of the steel. Typically the
quenching is carried out by immersing an ingot or
casting of the hot steel in a large bath or vat of the
quenchant. Once the steel is cool, it is removed
and washed to remove any quenchant adhering
to it.

The quenchants of the present invention may
be supplied to those who use it as an aqueous
solution. However it may also be supplied in the
form of a concentrate comprising the polyoxy-
alkylene glycol and the oxazoline polymer which
is suitable for dilution with water immediately
prior to use. Suitably, such concentrates have
polyoxyalkylene glycol to oxazoline polymer
weight ratios in the range 1:2.5—250:1 preferably
2.5:1—40:1.

The invention described above is illustrated by
reference to the following examples.

Example 1

A sample of a quenchant comprising 1% PEOX
(polyethyloxazoline; R=C;Hs having a molecular
weight of 500,000) plus 16% of a polyoxyalkylene
glycol (comprising a diol started 75:25 ethyiene
oxide/propylene oxide copolymer glycol (53%) in
water) was placed in a 2600 ml beaker. The
contents of the beaker were agitated by a pro-
peller stirrer in conjunction with an H-baffle. The
bath temperature was 25°C.

A probe, manufactured of inconel 600 (Inconel
is a registered trade mark), which was 60 mm
long and 12.5 mm in diameter was heated to
850°C and soaked at temperature for 5 minutes.
The témperature of the probe was measured by
means of an NiCr/NiAl thermocouple mounted at
the geometric centre of the probe.

On completion of the 850°C soak the probe was
mechanically plunged into the quench in an oper-
ation which took less than 3 seconds. A desk top
computer, activated by the plunging operation
then recorded the temperature of the probe as a
function of time. The data obtained are shown in
Figures 1 and 2 expressed as time-temperature
and temperature-temperature differential plots.

Comparative Test A
The method used in Example 1 was followed
except that water was used in place of the
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polyoxyalkylene glycol in the quenchant. Time-
temperature and temperature-temperature dif-
ferential plots are also shown in Figure 1.

Comparison of the data from Example 1 and
Comparative Test A shows that the quenchants of
the present invention cool the probe more slowly
than the quenchants of the prior art (US
4,486,246) and hence are more oil-like in their
behaviour.

Example 2
The method of Example 1 was repeated except
that 2% by weight PEOX was used. The time-
temperature and temperature-temperature dif-
ferential plots are shown in Figures 3 and 4
respectively.

Comparative Test B
Example was repeated except that the PEOX
was omitted from the quenchant. The time-
temperature and temperature-temperature dif-
ferential plots are shown in Figures 3 and 4
respectively.

Comparative Test C

Example 1 was repeated except that a sample
of a cold quenching oil after a period of industrial
service was used as quenchant. The time-
temperature and temperature-temperature dif-
ferential plots are shown in Figures 3 and 4
respectively.

Figures 3 and 4 show that the quenchants ofthe
present invention are more oil-like in their
behaviour than the poiyoxyalkyiene glycol/water
or the oil quenchants of the prior art. Hence the
quenchants of the better invention will be better
for cooling steels and the like.

Claims

1. A quenchant for use in the heat treatment of
metals or ailoys characterised in that the quen-
chant comprises an aqueous solution of a poly-
oxyalkylene glycol and an oxazoline polymer.

2. A quenchant as claimed in Claim 1 wherein
the oxazoline polymer has a molecular weight in
the range 50,000 to 750,000.

3. A quenchant as claimed in Claim 1 or Claim 2
wherein the oxazoline polymer comprises units
having the formula —[N(COR)CH,CH,]— wherein
at least 50% of the R groups are C; to C; alkyl
groups.

4. A quenchant as claimed in Claim 3 wherein
the oxazoline polymer is polyethyloxazoline.

5. A quenchant as claimed in any one of the
preceding Claims comprising an aqueous sol-
ution of between 5 and 20% by weight poly-
alkylene glycol and between 0.5 and 2% by
weight oxazoline polymer.

6. A process for quenching a metal or an alloy -
which process comprises immersing an ingot or
casting of the hot metal or alloy in a bath of
quenchant as defined in Claim 1.

7. A process as claimed in Claim 6 wherein the
metal or alloy used is steel.



5 EP 0196 836 B1 6

8. A process as claimed in either Claim 6 or
Claim 7 wherein the quenchant comprises an
aqueous solution of a polyoxyalkylene glycol and
polyethyloxazoline.

9. A metal quenchant concentrate which when
diluted with water forms a quenchant as defined
in Claim 1 wherein the metal quenchant concen-
trate comprises a mixture of a polyoxyalkylene
glycol and a oxazoline polymer.

10. A metal quenchant concentrate as claimed
in claim 9 wherein the polyoxyaikylene glycol to
oxazoline polymer weight ratio is in the range
2.5:1—40:1.

Patentanspriiche

1. Abschreckmittel zur Verwendung bei der
Wirmebehandlung von Metallen oder Legierun-
gen, dadurch gekennzeichnet, da das Ab-
schreckmittel eine wésserige Ldsung eines Poly-
oxyalkylenglykols und eines Oxazolinpolymeren
umfaft.

2. Abschreckmittel nach Anspruch 1, worin das
Oxazolinpolymer ein  Molekulargewicht im
Bereich von 50 000 bis 750 000 hat.

3. Abschreckmittel nach Anspruch 1 oder
Anspruch 2, worin das Oxazolinpolymer Ein-
heiten der Formel —[N(COR)CH,CH,]— umfal3t,
worin wenigstens 50% der R-Gruppen C;- bis Cs-
Alkylgruppen sind.

4. Abschreckmittel nach Anspruch 3, worin das
Oxazolinpolymer Polyethyloxazolin ist.

5. Abschreckmittel nach einem der vorherge-
henden Anspriiche, welches eine waésserige
Lésung von zwischen 5 und 20 Gew.-% Poly-
alkylenglykol und zwischen 0,5 und 2 Gew.-%
Oxazolinpolymer umfaf3t.

6. Verfahren zum Abschrecken eines Metalles
oder einer Legierung, welches Verfahren das
Eintauchen eines Blocks oder Guldteiles des
heiBen Metalles oder der heilen Legierung in ein
Bad des Abschreckmittels nach Anspruch 1
umfafdt.

7. Verfahren nach Anspruch 6, wobei das einge-
setzte Metall oder die eingesetzte Legierung Stahi
ist.

8. Verfahren nach Anspruch 6 oder Anspruch 7,
wobei das Abschreckmittel eine wasserige
Losung eines Polyoxyalkylenglykols und von
Polyethyloxazolin umfaf3t.

9. Metallabschreckmittelkonzentrat, welches,
wenn es mit Wasser verdinnt wird, ein Ab-
schreckmittel gemaR Anspruch 1 bildet, wobei
das Metallabschreckmittelkonzentrat ein Gemisch
eines Polyoxyalkylenglykols und eines Oxazolin-
polymers umfaf3t.
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10.  Metallabschreckmittelkonzentrat  nach
Anspruch 9, worin das Gewichtsverhéltnis von
Polyoxyalkylenglykol zu Oxazolinpoiymer in den
Bereich von 2,5:1 bis 40:1 falit.

Revendications

1. Milieu de trempe destiné a servir au cours du
traitement thermique de métaux ou d‘alliages,
milieu caractérisé en ce qu’il consiste en, ou
comprend, une solution aqueuse d‘un polyoxyal-
kylene glycol et d’'un polymére d’oxazoline.

2. Milieu de trempe tel que revendiqué a la
revendication 1, dans lequel le polymére d'oxazo-
line a un poids moléculaire compris entre 50 000
et 750 000.

3. Milieu de trempe tel que revendiqué a la
revendication 1 ou a la revendication 2, dans
lequel le polymére d'oxazoline comprend des
motifs répondant & la formule [N(COR)CH,CH,],
dans laquelle au moins 50% des groupes R sont
des groupes alkyles en C; a C,.

4. Milieu de trempe tel que revendiqué a la
revendication 3, dans lequel le polymére d'oxazo-
line est une polyéthyioxazoline.

8. Milieu de trempe tel que revendiqué dans
I'une quelconque des revendications précé-
dentes, comprenant une solution aqueuse conte-
nant entre 5 et 20% en poids de polyalkyléne
glycol et entre 0,5 et 2% en poids du polymére
d’oxazoline.

6. Procédé pour effectuer la trempe d'un métai
ou dun alliage, ce procédé comprenant I'immer-
sion d’un lingot ou d'une piéce coulée du métal
ou de l'alliage chaud dans un bain du milieu de
trempe, tel que défini a la revendication 1.

7. Procédé tel que revendiqué a la revendication
6, dans lequel le métal ou I'alliage que I'on utilise
est de {"acier.

8. Procédé tel que revendiqué & la revendication
6 ou a la revendication 7, dans lequel le milieu de
trempe comprend une solution aqueuse d'un
polyoxyalkyléne glycol et d’'une polyéthyioxazo-
line.

9. Concentré de milieu de trempe pour métaux,
qui, lorsqu’il est dilué par de I'eau, forme un
milieu de trempe tel que défini a la revendication
1, dans lequel le concentré de milieu de trempe
pour métaux comprend un mélange d'un poly-
oxyalkyléne glycol et d'un polymére d’oxazoline.

10. Concentré de milieu de trempe pour
métaux, tel que revendiqué a la revendication 9,
dans lequel le rapport pondéral du polyoxyalky-
féne glycol au polymére d'oxazoline se situe entre
2,6:1 et 40:1.
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