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This invention has to do with the coating of 
steel or other ferrous metal With aluminum or an 
aluminum base alloy. This application is a con 
tinuation-in-part of our Copending application 
Serial No. 762,830, filed July 22, 1947, now for 
feited. 
Among the advantages of aluminum coated 

steel are good resistance to acid attack and good 
resistance to heat. 
Methods have been proposed heretofore for 

coating steel with aluminum by hot dipping. 
However, prior art methods of which We are 
aware have been impractical commercially or 
have been complicated and the coated product 
produced thereby quite expensive. In addition, 
brittle iron-aluminum compounds are formed be 
tween the steel and aluminum which materially 
limits the formability of this composite heat 
resistant material. Accordingly there has been 
only a limited commercial use of hot dipped 
aluminum coated steel. 
The primary object of the present invention is 

to provide a simple, practical and inexpensive 
process of producing an aluminum or aluminum 
base alloy coated ferrous metal product of high quality. 
Another object of the invention is to provide a 

process of forming a composite product or article 
comprising steel coated with aluminum or an 
aluminum base alloy that has a high degree of 
formability as compared with the products pro 
duced by prior methods. 
Other objects and advantages of the inventio 

Will become more apparent from the detailed 
description which follows. 

Steel or ferrous metal of any shape can be 
coated with pure aluminum or aluminum base 
alloys by the method of this invention. The 
process may be a continuous one if desired, espe 
cially when the metal being coated is sheet, Wire 
or rod stock. 
The steel or other ferrous metal to be coated is 

preferably first degreased in any suitable manner 
as by means of an alkali cleaner or by use of 
suitable solvents. After degreasing the steel, if 
severely rusted or scaled, it is preferably pickled 
in a water solution of hydrochloric acid in the 
known and accepted manner of such acid clean 
ing. After pickling, the steel or other ferrous 
metal may be immersed in a flux such as one 
composed of 32 parts of zinc chloride, 8 parts of 
ammonium chloride and 60 parts of water, all 
measurements by Weight. The foregoing flux is 
given as a typical example of a zinc chloride type 
flux which may be used. After treating in the 
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steel fluxing medium just described, in accord 
ance with a preferred embodiment of our inven 
tion, the steel or other ferrous metal is immersed 
in a molten salt floating on top of a molten 
aluminum or aluminum base alloy coating bath. 
The salt is maintained at a temperature some 
what above the melting point of the aluminum 
or the aluminum base alloy. The steel or other 
ferrous metal is left in the fused salt a Sufficient 
time to heat the metal to or above the melting 
point of the aluminum or aluminum base alloy. 
The heated steel or other ferrous metal is passed 
from the heated Salt to the molten aluminum Or 
aluminum alloy bath. The molten salt bath must 
be one capable of dissolving aluminum and iron 
oxides. The following is a specific salt bath that 
we have found to be highly Satisfactory: 

Per cent 
Potassium chloride (KCl).------------------ 47 
Sodium chloride (NaCl) -------------------- 35 
Cryolite (Na3AlF6)------------------------- 12 
Aluminum fluoride (AlF3).------------------ 6 
The salt bath has a melting point of about 
1180° F. 
Addition of a small amount of lithium chloride 

to the above composition lowers the melting 
point thereof. For example, addition of about 
20% lithium chloride lowers the melting point to 
about 1075 F. 
The exact composition of the salt bath is not 

critical and the proportions of potassium chlo 
ride, sodium chloride, cryolite and aluminum 
fluoride may be varied from the above. For ex 
ample, the potassium chloride may range from 
about 37 to 57%, the sodium chloride from about 
25 to 45%, the cryolite from about 8 to 20% and 
the aluminum fluoride from about 0.5 to 12%. 
The bath composition usually preferred is one 
that Will become molten. When heated to 1200° F. 
or somewhat lower. While in the foregoing ex 
amples the double salt Na3AlF6 (cryolite) is given 
it should be understood that an equivalent 
amount of this component may be supplied in the 
form of the single salts, sodium fluoride and 
aluminum fluoride. We have found that it is 
essential to provide an excess of AlF3 over that 
of the cryoliteratio in Order to obtain the desired 
resultS. 
The temperature of the fused salt bath is main 

tained during operation at a temperature within 
the approximate range of 1250 to 1600 F. In 
general a temperature of 1300 to 1400° F. is pre 
ferred. 
The molten metal coating bath may be pure 
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aluminum or an aluminum base alloy. In gen 
eral the aluminum base alloys contain about 80% 
or more of aluminum. One aluminum base alloy 
that is particularly advantageous is one con 
posed of about 5 to 15% silicon and the balance 
aluminum. This alloy has a relatively low melt 
ing temperature, i. e. eutectic at 12% silicon 
and has high fluidity, both of these properties 
being highly advantageous in forming relatively 
non-brittle coatings. Effective drainage of cxcess 
coating metal is obtained because of the high 
fluidity. Specific examples of other aluminum 
base alloys are the following: an alloy composed 
of 4% copper and the balance aluminum, an alloy 
composed of about 7% tin and 93% aluminum, 
and alloys containing 5 to 20% zinc and the bal 
ance aluminum. These specific examples are re 
ferred to merely for purpose of illustration and 
not of limitation, At present it is preferred that the temperature 
of the aluminum or aluminum base alloy coating 
bath be maintained at a temperature of about 
1250°-1325 F. Temperatures of about 1150' F. 
to about 1600 F. are suitable, however, for the 
aluminum base alloys. Pure aluminum melts 
at about 1218 F. Consequently in employing 
pure aluminum as the coating metal a tempera 
ture of at least 1218 F. must be used. The upper 
temperature employed with pure aluminum as 
the coating metal is also about 1600F. 

After passing through the fused Salt flux and 
into the molten aluminum or aluminum base alloy 
bath the coated steel or other ferrous metal 
emerges from the coating bath through the mol 
ten salt layer. There is a tendency to form a 
thicker or heavier coating of aluminum or aiu 
minum alloy than desired. By passing the coat 
ed ferrous metal slowly through the molten salt 
on emerging excess molten coating inletal is 
drained off, or the coated ferrous metal may be 
held in the fused salt after removal from the 
coating bath whereby excess coating metal may 
drain off. The coated ferrous metal after re 
moval, or as it is being removed from the alumi 
num or aluminum alloy bath, may be vibrated 
rapidly or treated in other equivalent manner 
(rotate rapidly for example), in order to remove 
excess molten or mushy coating metal. ExceSS 
coating metal also may be removed by an air 
blast. 
The coated steel or other ferrous metal is then 

cooled or allowed to cool. The exceSS flux may 
be removed as by Washing, for example or the 
coated ferrous metal may be passed through 
rollers to remove the flux and to provide a desir 
able finish to the coated product. Water or other 
quenching mediums may be employed to cool 
the coated ferrous metal. 
The steps of degreasing, picking and immers 

ing in the zinc chloride type of flux are not es 
sential to the process, as the step of heating in 
the described fused salt prior to immersing in 
the aluminum or aluminum alloy bath will pro 
vide a clean surface on the ferrous metal unless 
it is exceptionally contaminated to begin with. 
The steel or ferrous metal may be, if desired, 

preheated before being immersed in the fused 
salt bath. This permits smaller quantities of salt 
and Smaller sized Salt bath heating means. If 
the preheating step is employed, it is preferred 
to heat the metal to be coated under such condi 
tions that the surface thereof is not oxidized. 
For this purpose heating in a non-oxidizing or 
reducing atmosphere furnace Such as One employ 
ing hydrogen, Drycolene, etc. may be employed, 
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4. 
The preheating temperature preferably is within 
the range of 1200° to 1600°F. 
When the steel or other ferrous metal is pre 

heated to the temperature of the fused salt bath 
in a reducing temperature and is free of oxides of 
iron and other foreign matter, the time of im 
mersion in the fused salt bath may be as little 
as one or two seconds if the parts are free of 
complicated recesses. More complicated shapes 
may require a longer time in order to ensure that 
the fused salt thoroughly cover or coat the parts 
to be coated with aluminum or aluminum alloy. 
Where the steel or other ferrous metal has iron 
oxides on the surface thereof longer times will be 
required in order to provide clean steel surfaces. 
When the preheating step is not employed, suff 
cient time is required to bring the steel or other 
ferrous metal to a temperature at least as high 
as, and preferably somewhat above, the melting 
point of aluminum or the aluminum base alloy to 
be employed as the coating material. The time 
will, of course, depend on the gage and dimen 
sions of the ferrous metal and on the size and 
thermal efficiency of the salt bath. Holding the 
ferrous metal in the fused salt for extended peri 
Ods is not harmful. 
The time of immersion in the molten aluminum 

or aluminum base alloy bath may vary from as 
little as one or two seconds up to several minutes, 
depending somewhat on the degree of complica 
tion of recesses, etc., in the part being processed. 
A relatively short period of immersion is desirable 
to prevent excessive formation of brittle iron 
aluminum alloys. Ordinarily, therefore, the fer 
rous metal being coated is held in the molten 
aluminum or aluminum alloy bath ten seconds or 
less. 

If desired, separate containers and heating 
means may be employed for the salt bath and the 
coating metal bath. We have found that the 
fused Salt bath must be activated by aluminum in 
or in contact with the fused salt in order to pro 
vide effective fluxing action. Where the fused 
Salt is on top of the moiten aluminum or alumi 
num base alloy as described above, the proper 
activity of the molten salt is obtained. Where a 
Separate Salt bath and a separate aluminum or 
aluminum base alloy coating bath are employed, 
it is essential to activate the fused salt. This may 
be done by employing an aluminum or aluminum 
alloy coated container for the fused salt, or alumi 
nun or aluminum alloy can be added to the salt. 
The aluminum or aluminum alloy may be added 
by immersing a bar or sheet of the metal in the 
fused salt bath. The bar or sheet soon melts and 
goes to the bottom of the salt bath. 
The procedures described above constitute pre 

ferred embodiments of processing in accordance 
with our invention. However, it is possible to ob 
tain satisfactory coatings of aluminum or alumi 
num base alloy on ferrous metal by a departure 
from the conditions of the preferred embodi 
ments. For example, it is possible to immerse 
the ferrous metal in a molten aluminum or alu 
iminum base alloy bath on which is floating a 
relatively thin layer of a molten or fused salt 
bath of the composition described in connection 
with the preferred embodiments of the invention 
at a temperature within the range of 1250° to 
1600 . The cold ferrous metal in passing 
through the layer of activated molten salt flux 
will become coated with a layer of the fux which 
may solidify, but which will again become molten 
after Sufficient time of contact with the molten 
alt-minum or aluminum base alloy coating bath 
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underneath the fused salt layer. A satisfactory 
coating of aluminum on ferrous metal can be ob 
tained by this procedure. It is possible, also, to 
obtain a satisfactory - coating of aluminum on 
ferrous metal by heating the ferrous metal in 
our activated fused salt bath until the ferrous 
metal is at a temperature above the melting point 
of aluminum and then allow the ferrous metal 
and coating of said salt thereon to cool to some 
temperature below the melting point of aluminum 
or salt before immersion in the molten aluminum 
or aluminum base alloy coating bath, so long as 
the salt coating if allowed to solidify on the fer 
rous metal is not cracked or broken prior to im 
mersion in the molten aluminum coating metal 
bath and so long as the ferrous metal is permit 

5 

ted to remain in the molten aluminum or alumi 
num base alloy for a time and at a temperature 
sufficient to reheat the ferrous metal and salt 
coating to a temperature of about 1250 F. Or 
higher. It is possible, also, to obtain satisfactory 
coatings of aluminum or aluminum base alloy on 
ferrous. metal by heating the steel or other fer 
rous metal in the molten salt bath described 
herein, maintained at a temperature below that 
of the molten aluminum or aluminum base alloy 
and, while the salt coating on the ferrous metal is 
still molten, immersing the ferrous metal and salt 
coating in a molten aluminum or aluminum base 
alloy coating bath and heating the same to a 
temperature within the range of about 1250° to 
1600°F. 
Warious changes and modifications of the em 

bodiments of our invention described herein may 
be made by those skilled in the art without de 
parting from the principles and spirit of the in 
vention. 
We claim: 
1. A method of coating ferrous metal with a 

coating metal of the class consisting of aluminum 
and aluminum base alloys which comprises im 
mersing the ferrous metal in a fused salt bath 
composed about as follows: 

37 to 57%, KC 
25 to 45%, NaCl. 
8 to 20%, Na3AF's 
0.5 to 12%, AF's 

said fused salt bath being activated by aluminum 
in contact with the fused salt, said fused salt bath 
being at a temperature within the range of about 
1250 F. to 1600° E., said ferrous metal having a 
temperature at least as high as the melting point 
of the said coating metal while in Said activated 
Salt bath, then immersing the ferrous metal in 
a molten bath of said coating metal while the 
ferrous metal is at a temperature at least as high 
as the melting point of Said metal coating bath 
and thereafter removing the coated ferrous metal 
from said metal coating bath. 

2. A method as in claim 1 in which the ferrous 
metal is preheated to substantially the tempera 
ture of the Salt bath before being immersed there 
in. 

3. A method as in claim 1 in which the ferrous 
metal is immersed in the fused Salt bath while 
the ferrous metal is at room temperature and is 
heated in the fused salt to a temperature at least 
as high as the melting point of said coating metal. 

4. A method as in claim 1 which includes the 
step of removing excess coating metal from the 
ferrous metal after removal from the coating bath 
and before the coating metal on the ferrous metal 
has completely solidified. 
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a coating metal of the class consisting of alumi 
num and aluminum base alloys which comprises 
immersing the ferrous metal in a fused salt bath 
composed approximately as follows: 

37 to 57%, KC 
25 to 45%, NaCl 
8 to 20%, Na3AF's 
0.5 to 12%, AlF3 

said fused salt bath being at a temperature within 
the range of about 1250 to 1600°F. and floating on 
top of a molten bath of said coating metal im 
mersing the ferrous metal in the molten coating 
metal bath while the ferrous metal is at a tem 
perature at least as high as the melting point of 
Said coating metal, and removing the coated fer 
rous metal through the said fused salt. 

6. A method of coating ferrous metal with a 
coating metal of the class consisting of aluminum 
and aluminum base alloys which comprises im 
mersing the ferrous metal in a fused salt bath 
composed approximately as follows: 

47%, KCl 
35%, NaCl 
12%, Na3AlF6 
6%, AlF3 

Said fused salt being activated by aluminum in 
contact therewith, said fused salt being main 
tained at a temperature within the range of about 
1250 F. to 1600 F., said ferrous metal having a 
temperature at least as high as the melting point 
of Said coating metal while in said activated Salt 
bath, then immersing the ferrous metal in a 
molten bath of said coating metal while the fer 
rous metal is at a temperature at least as high as 
the melting point of said coating metal, and 
thereafter removing the coated ferrous metal 
from said bath of molten coating metal bath. 

7. A method as in claim 6 in which the ferrous 
metal is preheated in a non-oxidizing atmosphere 
to substantially the temperature of the salt bath 
before being immersed therein. 

8. A method as in claim 6 in which the ferrous 
metal is immersed in the fused Salt bath while 
the ferrous metal is at room temperature and is 
heated in said fused salt bath until it is at a 
temperature at least as high as the melting point 
of said coating metal. 

9. A method as in claim 6 which includes the 
step of removing excess coating metal from the 
ferrous metal after removal from the coating 
metal bath and before the coating on the fer 
rous metal has completely solidified. 

10. A method as in claim 6 in which separate 
salt and coating baths are employed and the 
ferrous metal is heated from room temperature 
to a temperature at least as high as the melting 
point of said coating metal while in said fused 
Salt bath and is then quickly transferred to the coating bath. 

11. A method of coating steel with a coating 
metal of the class consisting of aluminum and 
aluminum base alloys which comprises immers 
ing the Steel in a fused salt bath composed ap 
proximately as follows: 

47%, KC 
35%, NaCl. 
12%, Na3AF's 
6%, AlFa 

said fused salt bath being at a temperature with 
in the range of about 1250° to 1600 F. and float 
ing on top of a molten bath of said coating metal, 5. The method of coating ferrous metal with 75 lowering the steel into said coating metal bath 
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while the steel is at a temperature at least as 
high as the melting point of said coating metal, 
and removing the treated steel through the said 
fused salt. 

12. A method of coating steel with a coating 
metal of the class consisting of aluminum and 
aluminum base alloys which comprises heating 
the steel in a fused salt bath composed approxi 
mately as follows: 

47%, KCl 
, 35%, NaCl. 
12%, Na3AFs 
6%, AlFa 

said salt bath being at a temperature within 
the range of about 1300°F. to 1400°F, said fused 
salt bath beling activated by aluminum in contact 
therewith, the steel being heated to a tempera 
ture at least as high as the melting point of said 
coating metal while in said fused Salt bath, then 
immerSling the heated Steel in a bath of Said 
coating metal heated within the range of about 
1250 F, to 1325° F. for a time within the range 

O 

5 

20 

of one to about ten seconds, and then removing 
the coated steel from the molten metal bath. 

13. A method as in claim 12 which includes 
the step of removing excess coating metal from 
the Steel after removal of the steel from the coat 
ing metal bath and before the coating on the 
steel has completely solidified, thereby forming 
a relatively thin coating on the steel. 

14. The method of treating ferrous metal pre 
paratory to coating the Same with a metal of 
the class consisting of aluminum and aluminum 
base alloys which includes immersing the ferrous 
metal in a molten salt bath composed substan 
tially as follows: 

37 to 57%, KCl 
25 to 45%, NaCl 
8 to 20%, Na3AlF6 

0.5 to 12%, AlF3 
said molten Salt bath being maintained at a tem 
perature within the range of about 1250°-1600° 
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F. while the ferrous metal is immersed therein, 
said molten salt bath having aluminum in con 
tact therewith. 

15. A method as in claim 11 in which the fused 
Salt bath is at a temperature of approximately 
1300 F. to 1400° F. 

16. A method as in claim 11 which includes the 
step of removing excess coating metal from the 
steel after removal of the steel from the coating 
metal bath and before the coating on the steel 
has solidified, thereby forming a relatively thin 
coating on the steel. 

17. The method of coating ferrous metal with 
a coating metal of the class consisting of alumi 
num and aluminum base alloys which comprises 
passing ferrous metal into and out of said coat 
ing metal bath through a molten Salt bath float 
ing on Said molten coating metal bath, said 
molten salt bath consisting essentially as follows: 

37 to 57%, KC) 
25 to 45%, NaCl 
8 to 20%, Na3AlF6 

0.5 to 12%, AlF3 
said molten salt bath being maintained at a tem 
perature of about 1250°-1600° F. while the fer 
rous metal is passing therethrough. 

HOWARD L. GRANGE. 
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REFERENCES CTED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
597,111 Gooch ------------- Jan. 11, 1898 

1538,355 Rossi -------------- May 19, 1925 
1,550,280 Post --------------- Aug. 18, 1925 
1941,750 Johansson ---------- Jan. 2, 1934 
2,101,553 Mattsson ------------ Dec. 7, 1937 
2,112,578 Rohrig ------------ Mar. 29, 1938 
2,239,018 Rogerson ---------- Apr. 22, 1941 
2,428,523 Marshall ------------ Oct. 7, 1947 


