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This invention relates to the casting of metals. More 
particularly, this invention relates to a continuous metal 
casting operation and apparatus useful therein. Still 
more particularly, this invention relates to a continuous 
metal casting operation wherein molten metal is poured 
or continuously introduced between two continuously 
and synchronously moving, endless belts, the opposed 
adjacent surfaces of the metal belts between which the 
molten metal is introduced serving as a mold for the 
solidification of the molten metal. 

In the so-called Hazelett continuous metal Strip cast 
ing process and apparatus for the casting of aluminum, 
aluminum alloys and the like, molten metal, such as 
molten aluminum, is introduced at one end of the cast 
ing machine between two continuously and synchronous 
ly moving, flat metal, usually mild steel, strips or belts. 
The belts, generally horizontal, but traveling downward 
together at a small angle, are vertically spaced to define 
the desired thickness of the strip or slab to be produced, 
and are cooled during the casting operation by large 
flows of water. As the molten metal is introduced be 
tween the belts and held by moving dams at the sides, 
it is cooled and at least partially solidified by contact 
with the belis while being carried on the moving belt 
upon which the metal is deposited so that with Suitable 
control or setting of the distance between the opposed 
surfaces of the moving belts a solid cast metal strip of 
substantially uniform dimensions and Substantially free 
of surface defects is produced and removed from the 
other end of the casting machine. Certain forms of belt 
casting apparatus are shown in U.S. Patents Nos. 2,640,- 
235 and 2,904,860, issued to C. W. Hazelett on June 2, 
1953 and September 22, 1959, respectively, but Hazelett 
machines now in use embody further improvements, in 
cooling and otherwise, and are arranged, as in the sec 
ond cited patent, to keep the endless belts flat throughout 
their travel in the casting Section of the machine. 

During the above-described continuous metal casting 
operation the endless metal belts must be, and run, fiat 
during the casting and solidification process. Further, 
the metal belts must provide the correct degree of re 
sistance to heat transfer which, in turn, varies with the 
metal being cast. It is desirable in Such a continuous 
metal casting operation to protect the metal surfaces of 
the belts in contact with the molten metal against un 
duly high temperatures to prevent distortion of the belts 
due to thermal expansion. Further, since the metal belts 
are run under tension and are flexed as they pass over 
pulleys, any insulative, protective material or dressing 
employed thereon must not only be temperature resistant, 
i.e. refractory, but must be flexible, and adherent to the 
metal surface of the belt to which it is applied. 

In the past it has been the practice to coat the surfaces 
of the belts in contact with the molten metal with an or 
ganic resin, such as polyvinyl butyral resin containing a 
metal chromate, e.g. zinc chromate, dispersed therein. It 
has also been proposed to provide these metal belts with 
an insulative, refractory coating of diatomaceous earth and 
the like. 
For the most part, however, these coating materials 

have not proved to be completely satisfactory particularly 
since they do not possess the high temperature proper 
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ties and the degree of thermal stability which will enable 
them to withstand for a long period of time the im 
pingement of molten metal, such as molten aluminum. 

Accordingly, it is an object of this invention to pro 
vide an improved, temperature resistant, insulative coat 
ing on metal Surfaces, such as on the outside surfaces 
of endless metal belts employed in a metal casting opera 
tion. 

It is another object of this invention to provide an im 
proved HaZelett metal strip casting operation and ma 
chine therefor. 
Another object of this invention is to provide an im 

proved continuous metal casting operation for the con 
tinous casting of metal strip and the like. 

Still another object of this invention is to provide an 
endless metal belt having a temperature resistant, re 
fractory coating thereon. 
How these and other objects of this invention are 

achieved will become apparent in the light of the ac 
Companying disclosure made with reference to the ac 
companying drawings wherein: 

FiG. 1 schematically illustrates the Hazelett continu 
ous metal strip casting process and machine therefor; and 

FiG. 2 is a Schematic, cross-sectional view of a con 
tinuous metal beit coated with a composition in accord 
ance with this invention. 

it has now been discovered that a coating of a rough or 
pitted, adherent iron oxide provides an excellent, tem 
perature resistant, insulative coating for the surfaces of 
metal belts employed in a metal casting operation. Still 
more particularly, it has now been found that an ad 
herent, rough iron oxide coating formed on the outside 
Surface of an endless steel belt, such as an endless, mild 
steel belt employed in the Hazelett continuous metal strip 
Casting process, protects the coated metal surface against 
high temperature and against the impingement of molten 
metal, Such as moiten aluminum or molten aluminum 
alloy. As a result of the operation whereby the adherent 
iron oxide is formed on the steel surface, the surface, 
originally smooth, becomes pitted and roughened as the 
iron oxide formation progresses due to the oxidation of 
the underlying steel surface. 
Any Suitable method may be employed to form the 

rough, flexible adherent iron oxide coating on the steel 
Surface to be protected. It is preferred in the practice 
of this invention to form an adherent, flexible rough iron 
oxide coating on the outside surface of a steel belt in the 
following manner. There is applied to the outside surface 
of an endless, mild steel belt, such as a belt having a thick 
neSS in the range 0.03-0.3', more or less, an aqueous so 
lution of mineral acid, Such as a 10% aqueous solution 
of hydrochloric acid, in order to promote rusting of the 
Surface to which the acid is applied. The thus-treated 
Surface is then permitted to dry. The other side or sur. 
face, the inner Surface of the mild steel belt has pro 
vided thereon a protective coating such as by applying a 
film or coating of oil, paint, lacquer or suitable grease, as 
phaltic or bituminous coating thereon. The thus-treated 
and coated belt is then exposed to contact with an atmos 
phere containing gaseous oxygen and water vapor for a 
period of time and under conditions such that there is 
formed on the outside, acid-treated surface of the metal 
belt an adherent iron oxide coating having a suitable 
roughness, such as a uniform hard, Substantially evenly 
pitted iron oxide coating, the pits thereon being at least 
about 0.002 inch in depth. This adherent iron oxide coat 
ing can be readily obtained by exposing the treated metal 
beit to the weathering effect of outside atmosphere, prefer 
ably under damp, relatively high humidity conditions, 
e.g. above about 40% humidity, more or less, and at an 
ambient temperature in the range 30–100 F., more or 
IeSS. If desired, a controllable, rust-producing environ 



ment can be artificially provided within a suitable chann 
ber or enclosure supplied with air or elemental oxygen and 
within which relatively high humidity conditions, about 
90%, and controlled temperature conditions can be main 
tained. By employing such a controlled, rust-producing 
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It is seen that the endless metal beits Ei and 2 are 

protected against contact with the hot molten metal by 

5 
environment, the rate of formation of the desired iron ox- - 
ide coating can be greatly increased. For example, it has 
been found that when outside weathering is employed at 
least a month exposure to the cutside atmosphere is LISu 
ally required before a satisfactory iron oxide coating hav 0. 
ing an evenly pitted surface with a pit depth of at least 
0.002 inch is formed. On the other hand, by utilizing an 
artificially created, rust-producing environment, i.e. by 
use of a chamber operated at a relatively high tempera 
ture, above about 75 F., and under high humidity. con 
ditions, above about 80% humidity, an adherent iron 

the rough, adherent iron oxide coating deposited on the 
belts so that no bare metal surface of belts 12 and 12 is 
exposed to direct contact with the molten metal. The 
rough surface of the iron oxide coating on belts if and 
E2 provides an excellent insulative coating since the cavi 
ties and depressions on the surface of and within the iron 
oxide coating serve to trap gas, such as air, therein when 
in contact with and covered by molten or solidified metal. 
The thus-entrapped gas possesses excellent insulative prop 
erties and further protects the iron oxide coating from di 
rect contact with the hot molten metal. 

oxide coating having the desired roughness and thickness - 
can be obtained in about 2-4 weeks. 

Following the formation of the iron oxide coating on 
the thus-treated steel beit, it is desirable, before the belt is 20 
employed in a continuous metal casting operation, that - 
any loose rust or surface scale be removed from the rust 
coated surface, such as by lightly scouring or cleaning 
the rust-coated surface with steel wool. Also desirably, 
following the removal of loose rust, the rust-coated stir 
face is provided with a coating of graphite, such as by 
applying to the rust-coated Surface a suspension of graph 
ite in a carrier liquid, e.g. a 50% by weight graphite 
Suspension in isopropanoi. Various steel beits such as 
steel belts made from lightly embossed (culvert stock) 
steel strip and mild steel belts are thus satisfactorily 
treated in accordance with this invention. - 

Referring now to FIG. 1 of the drawing which sche 
matically illustrates the application of this invention to the 
Hazelett continuous metail strip casting process and ma 
chine, molten metai, such as molten aluminum or molten 
aluminum alloy, is supplied from a suitable source, not 
shown, via feed box or spout 8 at one end of the cast 
in machine into the space between continuously moving 
steel belts 3 and E2. In accordance with this invention 
the opposed surfaces of belts it and 12 in contact with the 
moiten metal are provided with an adherent, rough iron 
oxide coating in accordance with this invention. 
ably, the iron oxide coating has a film of graphite de 
posited thereon. 
The iliustration of the machine in FIG. 1 is purely 

diagrammatic, it being understood that whereas the ar 
rangement of belt, rolls or pulleys somewhat follows that 
of the cited patent U.S. 2,640,235, other arrangements 
can be and are used as may be desired. As here shown 
belt is passes over tension pulley 4 and driving pulley is 
and belt 2 passes over tension pulley 56 and driving 
pulley 18. At the metal feed end, appropriate means, 
shown as guide rolls 9 and 28, bring the belts together 
to form a vessel for the metal 21, it being understood 
that throughout the metal-receiving and casting region 
the pair of belts is flanked by traveling dams or walls (not 

Referring now to FEG. 2 of the drawings, there is illus 
trated therein in a schematic, cross-sectional view, an 
endless metal belt 38 coated on one side or surface 
only with a rough, adherent iron oxide coating 31 as 
prepared and deposited thereon in accordance with this 
avention. - 
Exemplary of the practice of this invention satisfactory, 

rolling quality slab aluminum alloy, actually Alcan Alloy 
6107 aluminum having a nominal magnesium content 
of about 0.80%, was cast in a continuous casting oper 
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shown) whereby the metal, as it cools, is continuously re 
tained in a rectangular region defining the cross-section of 
the strip to be produced. . . . . . - 
As generally indicated in F.G. 1 belts EE and 2 move 

continuously and synchronously while cooling water, from 
means not shown, is flushed across the upper surface of 
belt 2 and the lower surface of belt. E1, along the region 
where the metal is carried between them. An appropriate 
series of rolls, preferably closely spaced, but here indi 
cated simply by guide rolls 19, 26 and further sizing 
rolls 22 and 24 press against the opposite sides of belts 
2 and , respectively, throughout the cooling and 

solidifying region and serve to maintain the selected, pre 
determined distance between belts 1 and 12, depending 
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upon the thickness desired in the resulting cast strip 25. 
which is continuously removed at the other end of the 
machine at driving pulleys 15 and 18, as indicated. 

lation employing iron oxide. coated mild steel belts hav 
ing a thickness of about 0.05 inch. It was observed 
that when these iron oxide coated belts were employed 
in the continuous metal casting operation, a minimum 
cf thernal distortion occurred in the belts, thereby per 
initting a life expectancy of the belts in excess of 8000 
feet of alloy slab or about 200,000 pounds of alloy slab 
having cross-sectional dimensions of 34' x 28’. 
As will be apparent to those skilled in the art in the 

light of the accompanying disclosure, many modifica 
tions, alterations and substitutions are possible in the 
practice of this invention without departing from the spirit 
or scope thereof. 

I claim: 
In a continuous aluminum casting apparatus includ 

ing endless belt rollers, and means for the introduction 
of a molten aluminum body, the improvement in com 
bination therewith which comprises a flexible endless 
steel belt for directly restraining said molten aluminum 
body having an inner structural layer carried by said 
rollers and an outer layer for contact with said molten 
aluminum body, the inner structural layer of said belt. 
comprising a steel body, and the outer layer of said 
belt comprising red iron oxide having a high degree of 
self-cohesion and having a relatively uniform thickness 
including relatively uniform pitting having a pit depth 
of at least 0.002 inch, said outer red iron oxide layer be 
ing extremely thin compared to said inner structural 
layer sufficient to repeatedly flex without appreciable 
cracking and scaling during repeated passage. of said 
endless belt around said endless belt rollers, and said 
outer layer being produced in situ by oxidation of said 
inner layer so that said layers are firmly bonded together 
by a diffused transitional zone therebetween including 
ferrous metal and iron oxide constituents. 
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