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This invention relates to a cast aluminum bronze article
and more particularly to a method of fabricating and heat
treating a cast aluminum bronze drum drier.

This application is a division of Patent No. 3,007,821
entitled “Method of Heat Treating a Cast Aluminum
Bronze Article.” : :

The dry creping of paper tissue is usually carried out
with a Yankee-type paper machine. In this type of ma-
chine, the wet paper web, after being couched from the
forming wire and partially de-watered between felts, is
pressed- onto ‘the surface of ‘a large heated cylindrical
drier and dried at a desired final moisture content within
a single tevolution of the drier.. The dried paper web
is then removed from the surfice of the drier by a doc-
tor blade which rides on the drier surface. - :

The Yankee driers are cast or welded structures and
generally have a diameter of 8 to 15 feet, a length of 10
to 15 feet and weigh in the neighborhood of 65 or 70
tons. During operation, the drum driers are subjected
to both internal and external pressures. One or several
pressure rolls bears against the external surface of the
drier at the point where the wet sheet is first applied.
These- pressure rolls exert a force from 200 pounds to
400 pounds or more per lineal inch across the entire face
length of the drier. In addition to this external pres-
sure, a-heating medium, such as steam under high pres-
sures and temperatures, is introduced into the interior of
the drier and serves to dry the paper web on the outer
surface of the drier.

Recently, with an increased demand for paper tissue
and the like, there has been great activity in attempting
to increase the production rate of the paper machines
without increasing the size of the machines or the number
of the drum driers. “In this regard, metals having a higher
thermal conductivity than iron, such as aluminum bronze,
have been investigated for use as drum driers. The in-
creased thermal conductivity of the bronze alloy unit
over- that of -a cast or wrought iron structure means, of
course, that the wet paper can be dried more rapidly
and thus the machines can be run at a higher speed to
obtain a greater production rate. Conversely, the higher
rates of heat transfer make it possible to dry heavier
webs of paper without sacrifice of machine operating
speed. .

p’In the - fabrication of a cast aluminum bronze alloy
drum drier, it is necessary that the cast alloy be weldable;
for ‘the large diameter drier is generally fabricated in-a
series of cast sections which are joined together by weld:
ing to form the cylindrical shell of the drier. In addition
to the welds joining the segments:of the drier shell, some
minute surface defects will generally be present when the
castings are made because of the large size and shape
of ‘the castings. These surface defects are also repaired
by welding. : o "
In addition to good weldability, it is essential that the
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weld areas, both the fabrication welds and the weld over-
lays, have properties which are similar to the parent metal,
for if there is a substantial difference in the physical prop-
erties between the weld areas and the parent metal, opera-
tional difficulties will result.

If, for example, the welded areas in the drier shell
have a different wear. resistance than the parent metal,
the weld areas and parent metal will wear at a different
rate, thereby resulting in a loss of the precise machined
tolerance necessary on the surface of the drier shell.
Similarly, a difference in the corrosion resistant proper-
ties between various portions of the drier shell will also
adversely affect the tolerance of the machine shell sur-
face.

Furthermore, as the coefficient of thermal expansion of
the weld areas and the cast parent metal may differ slight-
ly, distortion of the cylindrical surface of the drier may
result due to the difference in temperature.

If the weld areas and the parent metal have slight dif-
ferences in tensile strength and elongation properties, the
deflection of the shell as it passes under the pressure roll
will vary and this will cause variation in nip pressure and
operating problems. In addition, if the welded joint is
parallel to the axis of the drier, the cyclic stressing of
the drier as the drier rolls past the heavy pressure roll
nip will be substantial.

The present invention is directed to a cast duplex phase

2luminum bronze alloy pressure vessel, such as a drum

drier, and to a method of heat treating designed to pro-
vide a weldable cast material and a uniformity of me-
chanical properties in the vessel. The cast aluminum
bronze alloy is initially heat treated to provide the cast
sections with properties necessary for welding the sec-
tions to form the drier structure, and the welded drier is
subsequently subjected to a second heat treatment to es-
tablish uniformity of physical properties between the
weld areas and the cast metal.

The drawing is a perspective view of a cylindrical
vessel made in accordance with the invention and adapted
to be used as a drum drier shell, or the like.

In the drawing, the cylindrical shell or vessel comprises
a pair of cylindrical sections 1 joined by a girth weld 2.
The sections 1 are composed of a duplex phase alumi-
num bronze alloy,; and the weld 2 has a chemical compo-
sition and physical properties similar to that of the sec-
tions 1.

The alpha-beta or duplex phase aluminum bronze al-
loys possess more desirable mechanical and metallurgical
properties than do other aluminum bronze alloys for the
successful fabrication of a cast drum drier. A drum
drier requires a high degree of uniformity in the physical
characteristics of not only the parent metal but the weld
areas and also needs excellent corrosion resistance, wear
resistance and strength. These properties can be present
in the fabricated drier only if the alloy selected can be-
cast properly and then welded successfully to either join
the cast sections together or to correct surface defects
which occur during casting.- The duplex phase aluminum
bronze alloy provides a cast alloy. which can be welded,
and after welding provides a uniform strong, tough, wear
resistant surface. : : :

The aluminum ‘bronze alloy' to be fabricated into the
drum drier is a duplex phase material ‘having from 8%
to 12% aluminum. : The following compositions, in
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weight percent, are examples of aluminum bronze ailoys
which can be employed:

Alloy 1 2 3 4
8.0-12.0 | 8.0-12.0
L0-507 L0-50
0.5- 5.0t
0.5~ 5.0 5~

. 0.5~ 5.
Balance | Balanc

Specific examples of alloys falling within the above
range are as follows:

Alloy 1 2 3 4
Alaminum oo -} 10.0 9. 50 9.25 9. 50
Trom__cenn- 2.0 3,00 2,50
Manganese.. 3.00 [ccmmeeo
Nickel. 3.00 3.50
(€703 23 513 88.0 | 86.00 | 8175 85.50

In addition to the above elements, small amounts of
zine, tin, lead and silicon up to 1% can be employed in
the alioy.

This alloy has fine castability, gcod corrosion resist-
ance, good thermal conductivity and outstanding me-
chanical properiies. Under normal casting conditions,
the alloy tends to have low elongation and thus, in the
as-cast condition, does not lend itself properly to weld-
ing. The reason for the lack of weldability is generally
caused by high hardness, low elongation and an improper
distribution of micro-constituents, The low elongation
of the alloy coupled with an undesirable microstructure
in the cast state not only causes difficulty in welding but
also produces a heterogeneous surface which has a non-
uniform thermal conductivity and wear resistance.

By proper heat treatment, however, the above cast
alloy will be rendered weldable and uniformity with re-
gard to surface hardness, surface finish, thermal conduc-
tivity and other mechanical properties can be established.

The general method of heat treating the cast aluminum
bronze alloy to develop geod weldability and uniformity
of properties is to initially heat the castings to a tempera-
ture in the range of 500° F. to 800° I. at a rate up to
400° F. per hour per two inch thickness of section. A
heating rate faster than 400° F. per hour per two inch
thickness of section will result in hot tearing and distor-
tion for heavy and unusual sections in that the outer por-
tions of the section will heat faster than the inner por-
tions, thereby resuliing in tearing of the metal.

After heating to a temperature in the above mentioned
range, the casting is held at this temperature for a period
of time sufficient to obtain uniform distribution of heat
through the section. This period of holding time is gen-
erally from 1 to 4 hours per two inches of section
thickness.

After the casting has been heated uniformly, the casting
is then heated to a temperature in the range of 1050° F.
to 1400° F. at a rate up to 400° F. per hour per two
inches of section thickness. Again, if the heating rate
is faster than 400° F. per hour per two inches of section
thickness, hot tearing and distortion are apt to result in
the casting. The casting is then held at the temperature
in the range of 1050° F. to 1400° F. for a period of 1 to 4
hours per two inches of section thickness to obtain a
uniform distribution of temperature throughout the sec-
tion.

The casting is then cooled to a temperature in the
range of 400° F. to 600° F. at a rate in the range of
50° F. to 500° F. per hour per two inch section. After
the casting reaches the temperature in the range of 400°
F. to 600° F,, it is held at this temperature until a uniform
temperature distribution is obtained throughout the sec-
tion. This holding time is generally not more than 4
hours per two inches of section thickness.
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The casting is then cooled to room temperature at any
convenient rate of cooling.

After the heat treatment, the casting, depending on
chemistry, will have the following range of mechanical
properties:

Tensile strengtho e oo 70,000 to 95,000 p.s.i.
Vield strength. . ____. 28,000 to 42,000 p.s.i.
Elongation in two inches_____. 1% to 25%.
Brinell hardness_ - ________ 120 to 240.

A cast section having a composition of 10.5% alumi-
num, 3.5% iron, 0.25% nickel and the balance copper,
and having a tensile sirength of 80,000 p.si., a yield
strength of 33,000 p.s.i., an elongation in two inches of
6% and a Brinell hardness of 179 was heat treated to
render the cast section weldable. The heat treatment
consisted of heating the cast section to a temperature of
600° F. at a rate of 200° F. per hour per two inch section
and holding the casting at this temperature for a period
of two hours per two inch section. The casting was then
heated to a temperature of 1200° F. at a rate of 200° F.
per hour per two inch section and held at this temperature
for 2 hours per two inch section. The casting was then
cooled to 500° F. at a rate of 250° F. per hour per iwo
inch section and was held at this temperature for two
hours per two inch section. The casting was then cooled
to room temperature at a rate of about 100° F. per hour
per two inch section.

The mechanical properties of the above alloy, after
the heat treatment designed to render the material homo-
geneous and weldable, were as follows:

Tensile strength e p.si.. 90,000
Yield strength e oo p.si.- 35,000
Elongation - percent__ 18
Brinell hardness e do__.. 170

As the drum drier operates under internal pressure and
high temperature, the alloy should have good elevated
temperature properties and these properties should be
maintained as the drum drier is heated and cooled during
the operational cycles. The fatigue and impact resistance
of the cast aluminum bronze material, as treated above,
was excellent for drier application. An average fatigue
strength of 27,000 p.si. at 100,000,000 cycles and an
Tzod impact resistance of 18 foot pounds were obtained in
the cast alloy by the heat treatment.

The microstruciure which results after the heat treat-
ment in the cast alloy is approximately 60% alpha and
40% beta. This combination of micro-constituents is
difficult to control in a massive casting, such as a drum
drier. The heat treatment set forth above is necessary
in order to produce the required amount of alpha and
must be carried on at the predetermined time cycle so
that a decomposition of the beta phase does not occur
in the heavy section.

The heat treatment serves to render the cast alloy
suitable for surface welding or extensive fabrication weld-
ing. Fabrication welding is generally necessary due to
the fact that the large diameter drier shell is usually cast
in sections rather than a single casting and the sections
are then welded together to form the cylindrical shell.
In addition, due to the large size of the cast sections, some
surface imperfections will generally occur which are re-
paired by overlay welding.

In order to establish uniformity in physical properties
between the weld area and the parent metal, it is necessary
to repeat the heat treatment previously set forth, This
heat treatment establishes similar properties in regard to
corrosion resistance, wear resistance, fatigue life, tensile
strength, thermal conductivity and toughness between
both the fabrication and repair welds and the parent
metal.

The weld rod to be used for welding the cast alloy has
a composition substantially similar to that of the casting
to be welded, However, since a portion of the aluminum



3,176,410

5

of the weld rod is lost during welding and carried off in
the slag, the aluminum content of the weld rod will be
slightly higher than the cast alloy and generally in the
range of 9.0% to 13.0%.

A specific example of a weld rod composition which
can be used to weld the cast alloy containing 10.5%
aluminum, 3.5% iron, 0.25% nickel and 85.75% copper
is as follows in weight percent:

Percent
Aluminum oo __ _— — 110
Iron oL 3.5
Nickel ___ 0.25
CopPer e 85.25

During the welding operation, a portion of the alumi-
num is lost and carried off in the flux and the weld deposit
for the above-mentioned weld rod composition. will be
approximately as follows:

Percent
Aluminom e 10.0
ron e . ——— - 36
Nickel - 0.25
Copper —- e e 86.15

After the heat treatment, this weld deposit will have
the following mechanical properties which .are substan-
tially similar to those of the parent metal:

Tensile strength .______ ——— p.s.i 95,000
Yield strength ———— —e———p.Sd.. 38,000
Elongation ..o percent_ .. |15
Brinell hardness & __ do.___ 170

After the second heat treatment, the fabricated shell is
completely machined on both the inner and outer surfaces
to provide a uniform wall thickness and then made ready
for final assembly into the drum drier unit.

With the use of the first heat treatment of the inven-
tion, the cast sections are rendered weldable and by vir-
tue of the second heat treatment, the welded joints and
repair welds will compare favorably with the plate struc-
ture in composition and physical properties.

The drum drier, made according to the present in-
vention, has exceptional corrosion resistance. In use,
thde drum drier is subjected to a wide range of corrosive
agents, such as wet strength resins, acids and water, and
the duplex phase aluminum bronze alloy heat treated ac-
cording to the invention is particularly adaptable for use
as a drum drier shell.

The aluminum bronze drum drier has a substantially
greater thermal conductivity than other bronze alloys
or ferrous metals. - For example, the coefficient of ther-
mal conductivity of the cast aluminum bronze alloy is
0.18 in CGS units, while the coefficient of thermal con-
ductivity of silicon bronze is 0.10 in the same units, man-
ganese bronze is 0.14, cupro-nickel is 0.09, cast iron is
0.11 and stainless steel is 0.039. The increased thermal
conductivity permits a faster drying cycle and therefore,
the drier can be operated at higher speeds to increase the
production rate, or conversely, a heavier web can be dried
without an increase in-speed. ‘Thus, the capacity of exist-
ing paper machines can be substantially increased by re-
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placing the conventional ferrous or other types of bronze
metal drum driers with the cast aluminum bronze drum
drier of the invention.

The heat treatment of the invention provides the cast
aluminum bronze drier shell with a uniformity of me-
chanical properties including corrosion resistance, ther-
mal conductivity, wear resistance and dimensional stabil-
ity. The uniformity of thermal conductivity between the
weldments and the cast sections is particularly important
in a drum drier in order that the rate of drying of the
paper web will be uniform over the periphery of the
drier shell. If the rate of drying is not uniform, due to
a difference in thermal conductivity between various por-
tions of the shell, wet spots will be produced in the paper
web which will interfere with subsequent processing of
the web.

In addition, the uniformity of wear resistance through-
out the surface of the drier shell will result in a more
uniform wear rate of both the shell surface and the doctor
blade riding on the surface.

Various modes of carrying out the invention are con-
templated as being within the scope of the following
claim particularly pointing out and distinctly claiming
the subject matter which is regarded as the invention.

I claim:

In a paper making machine, a generally cylindrical
shell comprising a series of aluminum bronze alloy sec-
tions containing from 8% to 12% aluminum, said sec-
tions characterized by having a tensile strength in the
range of 70,000 p.s.i. to 95,000 p.s.i., a yield strength in
the range of 28,000 p.si. to 42,000 p.s.i., an elongation
in the range of 1% to 25% in two inches and a Brinnell
hardness in the range of 120 to 240, and a plurality of
aluminum bronze alloy welds joining the sections to-
gether, said welds having a chemical composition and
physical properties substantially similar to that of said
cast sections.
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