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This invention relates to hot-dip coating fer-
rous base metal with aluminum.

The utility of coated products depends to a
large extent on their ability to withstand severe
forming operations. This involves adherence of
the coating to the base metal, 1. e. resistance to
fiaking or peeling, and ductility of the coating as
conventionally determined by 180° flat bend tests.
The latter characteristic is necessary to avoid
cracking at the formed areas since cracking of
the coating may seriously affect the corrosion re-
sistance of the product and detract from its ap-
pearance. In addition to the foregoing charac-
teristics, it is necessary for the coating to have a
good appearance to meet the demands of the
trade.

It has heretofore been proposed to hot-dip coat
ferrous base metal with aluminum. While such
coatings have a satisfactory appearance, they
are not sufficiently adherent and ductile to with~
stand severe forming operations. Various ways
of overcoming these poor characteristics have
been proposed but they do not result in coatings
having the foregoing characteristics in a high
degree. One of the chief factors in obtaining an
adherent, ductile hot-dip coating is the control of
the formation and growth of the alloy layer
which forms almost immediately upon immersion
in the molten coating metal. This layer tends to
be hard and brittle and consists of an intermetal-
lic compound, or compounds of the coating and
base metal. Since physical properties of this
. layer in combination with its thickness largely

control the adherence and ductility, it is de-
_sired to obtain a thin relatively soft alloy layer.
' The alloy layer formed from unalloyed aluminum
baths tends to “grow” .rapidly at high temper-
atures so that it is desirable to coat at the lowest
possible temperatures. .

Tt is accordingly an object of this invention
to provide hot-dipped aluminum coatings which
combine good adherence, ductility and appear-
ance. ) .

Tt is a further object to improve the adherence
and ductility of aluminum coatings without de-
tracting from the appearance thereof.

It is another object of this invention to provide
a method of producing a relatively soft inter-
facial alloy layer on hot-dipped aluminum coated
ferrous base metals, and at the same time main-
tain said layer at a minimum thickness.
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1t is a still furthér object of the present inven-
tion to provide a method of hot-dip coating fer-
rous metal with aluminum which can be carried
out at relatively low temperatures.

I have discovered that the foregoing and fur-
ther objects can be obtained by the addition of
small but effective amounts of beryllium to the
molten aluminum coating bath. Such addition
does not detract from the coating appearance and
at the same time improves adherence and duc-
tility to a very marked degree.

The effect on the thickness of the interfacial
alloy layer of the aluminum or aluminum alloy
coating will be evident from the following Table
1 which sets forth the reduced thickness of the al-
loy layer for various beryllium additions as com-
pared to the thickness of the layer obtained when
high purity aluminum (contains up to .08% sili-
con and .06% iron as impurities) bath metal is
used. All of the coatings were obtained by dip-
ping for 20 seconds in a bath maintained at 1250°
F. With such time and temperature, an alloy
layer of .00140” thickness with the pure alumi-
num was obtained.

Table I
R’I“lilickness ¢
eduction o
%‘;‘;‘K;ﬁgf Alloy Layer
added to (per ?,ent'of
Alaminum | (040 G
Bath Metal with pure
' Aluminum)
Per cent by
weight
.05 35
.1 50
.3 75
.4 82
.5 80
.6 79
7 83
> .8 80
.9 82
1.0 76
1.4 78
1.7 80
2.0 82

This table shows that an average reduction in
thickness of the alloy layer of 80.649, is obtained
for .3 to 2% beryllium additions and that as little
t?is .05% Dberyllium results in substantial reduc-

ons.
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3
At the same time, a very substantial decrease
in the hardness of the interfacial alloy layer is
obtained. The results of Tukon microhardness
tests on the interfacial alloy layer of an alumi-
-num coating, and on that of an aluminum-beryl-~
Hum coating are shown in the following Table II:

Table IT
Knoop
- Hardness | Converted
Coating Number | Hardness
25 Gram | (Brinell)
Load
Al 889 725
Al'with .8% Beryllium_____227 77T i 326 310

The high quality adherence and ductility, asso-
clated with the decrease in thickness and hard-
ness of the alloy layer, were reflected in the re-
sults of flat bend tests (180° bend over zero thick-
ness) of coated 20 gauge material. These tests
showed that the aluminum-beryllium alloy coat~
ings of this invention, within the range of .1% to
2% beryllium contents, have good adherence and,
therefore, do not flake or peel. In addition, the
coatings containing over .1 and up to .6% beryl-
lium have good duetility and are free of cracks.
Pure aluminum coatings subjecied to flat bends
showed poor adherence and ductility. In addi-
tion to showing a slight tendency to crack, coat-
ings containing more than .6 % beryilium tended
to have pimples, ridges, etc. on the surface.
Likewise, although the appearance and adher-
ence of coatings containing less than .1% beryl-
lium is good, duetility as indicated by the flat
bend test was not quite as good as those contain-
Ing over .1% beryllium since the coatings with
less than .1% beryllium exhibit a tendency to
crack. For optimum results, a bath containing
.3 to .5% beryllium is preferred.

An additional important feature of the alumi-
num-beryllium coatings of my invention is the
relatively low bath temperatures which they per-
mit. A coating bath containing up to 2% beryl-
lium additions is sufficiently fluid to coat at tem-
peratures below 1300° so that it is not necessary
to exceed this maximum practical temperature.
With the exception of the eutectic composition,
temperatures above 1200° . are necessary to have
the bath sufficiently fluid, so that 1250° B, is g
practical temperature throughout most of the
range of beryllium additions. If desired, higher
temperatures up to 1625° P, may be used but
above 1300° F. the process becomes less. econom-~
ical, the growth of alloy layer and the forma-
tion of aluminum oxide on the bath surface are
accelerated. Likewise, the structure of the base
metal may be undesirably affected for some pur-
poses. Use of too low temperatures which cause
the bath to be “mushy” or not sufficiently fluid
should, however, be avoided.

To further illustrate the teachings of my in-
vention, the following example is given:

A suitable ferrous metal base, such as low-
metalloid steel sheet or strip preferably contain-
ing less than .109% carbon and 40% manganese,
is fluxed by immersion in 3 solution of the chlo-
ride salts of zin¢ and ammonia or by heating at
about 1250° ¥, in g suitable reducing atmosphere.
The surfaces thus prepared are protected against
oxidation and immersed immediately in the
molten aluminum coating bath which contains
beryllium, preferably in the amount of .3 to 5%.
The bath may be prepared in & number of ways
but a convenient manner is to add bervllium in
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the form of a beryllium rich aluminum-beryllium
alloy to commereially pure molten aluminum, ad-
ditions of the alloy being made from time to time
to keep the berylllum content within the desired
range. Aluminum may be added in bar form to
keep the quantity or level of the bath at the level
desired. A suitable bath temperature is 1250°
and the tin:2 of immersion will of course vary
depending on the thickness of the base metal and
its temperature as it enters the bath. It is de-
sirable to keep the base metal in the bath the
shortest practieal time since additional time pro-
motes the growth of the alloy layer. For ordinary
gauges to be coated, an immersion time of 20
seconds or less is satisfactory. 'The thickness of
the coating may be controlled by pressure rolls
at the exit side of the bath or by other available
conventional means. Itis desirable for the coated
product to coo! sufficiently for the coating to
solidify before contacting rolls or conveying
mechanism beyond the finishing rolls. If de-
sired, forced cooling may be used.

While I have shown and described several spe-
cific embodiments of my invention, it will be
understood that these embodiments are merely for
the purpose of illustration and description and
that various other forms may be devised within
the scope of my invention, as defined in the ap-
pended claims,

I claim:

1. In the method of hot-dip coating ferrous
the step of adding at
least .05% berylium to the aluminum coating
bath to substantially reduce the thickness and
hardness of the alloy layer.

2. In the method of hot-dip coating ferrous
base metal with aluminum, the step of adding
between .1 and .6% beryllium to the hot-dip coat-
ing bath to materially reduce the thickness and
hardness of the alloy layer.

3. In the method of hot-dip coating ferrous
base metal with aluminum, the step of adding
between .3 and 5% beryllium to the hot-dip coat-
ing bath to reduce the thickness and hardness of
the alloy layer and obtain g coating having suffi-
cient adherence and ductility to withstand fiat
bend tests without flaking or cracking,

4. The method of hot-dip coating ferrous base
metal with aluminum comprising adding beryl-
lium in effective amounts from about .1% up to
2% to the molten coating bath, maintaining the
molten bath at g temperature below 1300° F. and
dipping ferrous base metal having cleaned sur-
faces therein.

5. A hot-dipped coated product comprising a,
ferrous metal base and an outer layer of alumi-
num containing beryllium having a thin relatively
soft berymum-containing iron aluminum alloy
layer therebetween and resulting from the process
of claim 1.

6. A hot-dipped coated product comprising a
ferrous metal base and an outer layer of beryl-
lium-containing aluminum having a thin rela-
tively soft beryllium-containing iron aluminum
alloy layer therebetween and resulting from the
process of claim 2.

7. A hot-dipped coated product comprising a
ferrous metal base and an outer layer of beryl-
lium-containing aluminum having a thin rela-
tively soft beryluum-containing iron aluminum
alloy layer therebetween and resulting from the
process of claim 3.

8. A hot-dipped coated product comprising a
ferrous metal base and an outer layer of beryl-
lium-containing aluminym having a thin rela-
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tively soft beryllium-containing iron aluminum
alloy layer therebetween and resulting from the

process of claim 4.
) DANIEL O. GITTINGS.
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