
Patented Dec. 11, 1951 2,578,098 

UNITED STATES PATENT OFFICE 
2,578,098 

ALUMINUM BASE ALLOY 
John C. Southard, Niagara Falls, N. Y., assignor, 
by mesne assignments, to National Lead Com 
pany, New York, N. Y., a corporation of New 
Jersey 

No Drawing. Application August 9, 1944, 
Serial No. 548,794 

The present invention relates to aluminum 
alloys and more particularly to aluminum alloys 
containing titanium and boron, and to methods of 
regulating the grain refinement and castability 
of aluminuIn alloys. It has been proposed here 
tofore to add regulated amounts of titanium to 
aluminum alloys in order to control the castability 
of the molten aluminum alloy and also as an in 
gredient Contributing to the grain refinement 
of the resultant casting. The addition of 
titanium in controlling amounts, and generally 
not in excess of about 0.2% by Weight of the 
resultant alloy, has greatly facilitated the cast 
ing Of aluminum alloys and has aided in increas 
ing the percentage of Sound castings produced in 
conventional aluminum foundry practice. It is 
also recognized that addition of too much 
titanium tends to nullify the desirable grain re 
filement effects in a manner similar to too much 
iron by increasing the size and number of ob 
jectionable dendrites. Good foundry practice 
With respect to aluminum dictates the remelt 
ing and re-use of gates and risers and, in Such 
remeltings, additional titanium is usually added. 
Attempts have also been made to intensify the 

grain refining effect of titanium by adding very 
Small amounts of boron and in this way preserve 
the grain refining effect of titanium even upon 
remelting of gates and risers. However, the addi 
tion of boron to the aluminum alloy has been at 
tended with many difficulties. The addition of 
LSual boron alloys is restricted to those not adding 
objectionable alloy constituents to the aluminum; 
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the use of usual aluminum boron alloys is attended 
With considerable OSS of boron as only in a few 
instances is as much as Az. of the added boron 
recovered in the resultant alloy. Generally, 
therefore, other means of adding boron have been 
resorted to as, for instance, by bubbling a gaseous 
boron compound through the molten aluminum 
alloy or by reducing the boron from a flux con 
taining a non-volatile boron compound such as 
borax Or a complex boro fluoride. Due to the 
uncontrollable nature of most of these reactions 
and, therefore, the extreme difficulty of introduc 
ing predetermined amounts of boron into the 
aluminum alloy, controllable and reproduceable 
operations have not been possible heretofore. In 
SOne instances the desired grain refining effect 
could be obtained While, however, in most 
instances it could not be obtained. 

It is an object of the present invention to pro 
Wide means for introducing titanium and boron 
into the molten aluminum alloys in controllable 
and reproduceable amounts. 
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It is also an object of the invention to employ 

a titanium boron alloy for controlling the grain 
refining effect of titanium and the intensifying 
effect of boron. On aluminum alloys. 

It is also an object of the invention to improve 
the quality and reproduceability of physical char 
acteristics of articles made from aluminum alloys 
by adding to an aluminum alloy controlled 
announts of titanium boron aluminum alloys in 
Order to produce a resultant alloy of specified 
titanium boron composition. 

It is also an object of the invention to prepare 
addition alloys of aluminum containing specified 
limits of titanium and boron. 

In accordance With the present invention, a 
taster alloy consisting of aluminum and rela 
tively large amounts of titanium and boron is 
prepared and the master alloy added to aluminum 
to produce an addition alloy of desired coinposi 
tion. Although any method of preparation of 
the master alloy inay be employed, generally the 
alumino thernic reduction, by the so-called 
Goldschmidt process, of titanium oxide Ores, as 
for example, rutile and materials containing 
boro oxide, as for example fused borax in the 
presence of oxidizing and accelerating agents, 
Such as SOdium chlorate and barium peroxide is 
preferred. The method of preparing charges of 
this type and initiating the alumino therinic re 
action are Well known to metallurgists skilled in 
the art of alumino thermic reduction. The 
amount of titanium oxide Ore and of boron oxide 
material together with aluminum shot is selected 
in order to produce a master alloy containing 
from about 30 to 50% titanium and from about 
5 to 15% boron, With Small amounts of attendant 
and usual impurities Such as iron, silicon and cop 
per, the remainder being aluminum. It will of 
course be understood that variations in the 
amount of titanium oxide, boron oxide contain 
ing material, and Oxidizing agent can be made 
in order to produce the alloy within the con 
position range Specified. The economy of the 
reaction, including cost of materials and recovery 
of the titanium and boron values, will generally 
dictate the production of an aluminum alloy con 
taining 40 to 45% titanium and 6 to 10% boron. 
The master alloy so produced is not of itself 

readily soluble in aluminum and aluminum alloys 
at the temperature at which aluminum and its 
alloys are melted for foundry and other pur 
pOSes. Therefore, in accordance with the present . 
invention, the master alloys containing from 30 
to 50% titanium and from 5 to 15% boron, the 

55 balance being largely aluminum, are dissolved in 
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molten aluminum at temperatures from 2,000 
to 2,400 F. For instance, a master alloy con 
taining 43.8% titanium, 7.26% boron with Small 
amounts of iron, silicon and copper, the balance 
being aluminuri, when added to molten alum 
inum at 2250 F., dissolves readily therein and by 
regulating the aimounts of molten aluminum and 
master alloy and the composition of the latter it 
is possible to produce addition alloys containing 
from about 0.05% to 1% boron and from about 
2% to 6% titanium, the balance being largely 

aluminum With very Small amounts of usual 
attendant impurities, alloys which could not 
heretofore be prepared. Thus, by first preparing 
titanium-boron-aluminum alloy of relatively 
high concentration of titanium and boron, it is 
poSsible to prepaire addition alloys by dilution in 
which the boron and titanium are both found in 
a condition readily miscible and absorbable in 
molten charges of aluminum and aluminum al 
loys and in amounts making the alloy eminently 
Suitable for this purpose. 
As an example merely illustrative of the inven 

tion but not limitative thereof: 126 parts of an 
alloy containing 44.16% titanium, 6.94% boron, 
and the balance largely aluminum, was stirred 
into 2000 parts of primary molten aluminum at 
a temperature of 2200 to 2300 F. and cast into 
notched bars. The resultant alloy contained 
2.60% titanium and 0.38% boron. The recovery 
of boron was 92% and titanium 99%, with a yield 
of useable alloy of 2100 parts. On the other 
hand, 67% parts of an aluminum alloy contain 
ing 10.33% boron but no titanium, when stirred 
into 2000 parts of primary molten aluminum at 
2200 to 2300 F. and cast into notched bars, 
showed less than 50% recovery of boron. It is 
believed that the presence of titanium and boron 
within the amounts and ratio Specified for the 
master alloy protects the boron against loss when 
dissolved in molten aluminum and when once so 
protected and so introduced, the boron is in con 
dition to be further added, without substantial 
loSS, to molten aluminum at the temperatures 
used in foundry practice. The following ex 
amples are given merely as illustrative of this 
feature of the invention and are not deemed to be 
limitative thereof: 

Four separate heats were made of 48 lbs, each 
of an alloy containing approximately 4% copper, 
2% nickel, A% magnesium, 0.3% manganese, less 
than 0.5% silicon, less than 0.5% iron and the bal 
ance aluminum. The charges were melted and 
brought to a temperature of 1425 to 1450° E. and 
titanium or titanium boron additions made at 
that time, if any, the alloy cooled to 1400° F (plus 
or minus 10 F.) and cast into test bars A' x 2' 
in sand molds. In those heats where alloy addi 
tions Were made, the addition alloy dissolved 
almost immediately and without difficulty. The 
chemical and physical properties of the resulting 
test bars are given in Table 1: 
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Calculated Addition 

4. 
The addition alloy of titanium and boron was 

made from a master alloy as outlined hereinabove. 
It Will be noted that excellent average grain Size 
Was obtained and that there Was little or no CSS 
of boron and titaniuin ifrom the addition as Sub 
stantially all of these materials are to be found 
in the final cast product. It is believed that these 
excellent results are explained by reason of the 
fact that the boron in the master alloy and re 
Sultant addition alloy is protected by the pres 
ence of the titanium so that the boron is in soluble 
form and is readily miscible in Inolten aluminuin 
in contrast with the almost insoluble forin of 
boron normally found in alumininuin borcin alloys 
not containing titanium. 
By regulating the amount of pi'imary auninum 

and master alloy, compositions within the range 
0.05 to 1% boron, and A2% to 6% titanium are 
readily produced and find practical application 
in controlling the grain density and size in alu 
riminum casting Work. Alloys of particularly Suit 
able compositions of from 0.25 to 1.3% boron and 
2 to 3% titanium, the balance largely aluminum, 
find special application as addition alloys for 
controlling the composition of aliiminuin and its 
alloyS. The addition alloys can be added at any 
convenient point in the production of the fin 
ished aluminuin alloy, say in the furnace or in 
he ladle. When the addition is made to the lat 

ter, alloys containing 2 to 3% titanium and 0.25 
to 1.0% boron find Special application. In most 
cases the composition of the end product will 
dictate the place at which addition is made. 
The following are examples of suitable addi 

tion alloy compositions: 

Tobe 2 

Titanium Boron Remainder 

Per cent Per cent 
2.8 0.37 Largely aluminum. 
2.7 0.42 Do. 
2.07 0.25 Do. 
2.85 0.90 Co. 

It Will be seen from the foregoing that the pres 
ent invention provides both a master alloy and 
an addition alloy wherein boron and titanium 
Occur as alloy ingredients in aluminum and 
Wherein the boron is in a chemical or physical 
condition to be readily soluble and miscible in 
molten aluminum. The invention is particularly 
Suitable for the preparation of aluminum and 
aluminum alloys containing from 0.001 to 0.1% 
boron and up to about 0.2% titanium, alloys of 
exceptional properties. In general, such alloys 
are produced by dissolving the addition alloy in 
molten aluminum at temperatures of from about 
1300°F. to 1500 F. more or less. 
The present invention further provides an im 

proved method for controlling the density and 

Heat Chern. Analysis, Aw i. Alloy Addition Per Cent Peden YEg 
No. Per Cent Per Cent Ti B size, Inches 

Ti B 

------. None--------------------------|---------- 0.018 ---------- ,053 
2------ 24 lb., 23.6%. Ti-A) 

Alloy------------- 0.113 ---------- 0.148 ---------- 032 
3.:... 2 lb., 2.8%. Ti, 0.37% 

B-A alloy. ----- 0.2 C.05 0.090 0.03 O6 
4----- 1 lb. 2.8%. Ti, 0.37% 

B-A Alloy--- .02. 0.056 0.007 0,055 0.006 
- Y - - - - a Y . . . . a . . . . w . . . . . . - - - - - - - - - - - - - 
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grain size and castability of molten aluminum 
and its alloys. Wherever the term aluminum 
alloy is used in the appended claim, it desig 
nates molten aluminum or an alloy of aluminun) 
containing 50% or more of aluminum. 
What is claimed is: 
The method of manufacturing an aluminum 

alloy suitable as an addition alloy to aluminum 
casting melts which comprises first preparing an 
alloy containing 30 to 50% titanium, 5 to 15% 
boron, the balance aluminum, by reduction of an 
oxygen compound of titanium and an oxygen 
compound of boron in the presence of alumi 
nun and thereafter mixing said alloy with a 
molten charge containing aluminum at 2,000 to 
2,400°F. in proportions to produce an alloy con 
taining % to 6% titanium, 0.05 to 1% boron, the 
balance aluminum. 

JOHN C. SOUTHARD. 
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