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ABSTRACT OF THE DISCLOSURE 

A method of addition of a metal to a molten metal 
bath by mixing the aluminum to be dissolved in ?nely 
divided form ‘with a solution promoting aluminum, also 
in ?nely divided form, and adding the mixture to molten 
metal. 

This invention relates to the addition of metallic mate 
rials to molten metal baths. More particularly, the pres 
ent invention relates to addition agents formed of ?nely 
divided solid metal particles having improved solution 
rates in molten metal baths. 

It is a common practice in metallurgical operations to 
provide an ultimate desired alloy composition by the 
introduction of solid metal additives to molten metal 
baths of a base metal. For example, manganese is added 
to molten aluminum in the form of manganese-aluminum 
alloy containing about 5-20% manganese, to provide in 
creased strength in wrought aluminum products. Also, 
chromium, tungsten, molybdenum, vanadium, iron, co 
balt, copper, nickel, columbium and other metals are 
commonly added in pre-alloyed form to molten metal 
baths to obtain a particular alloy product. Chromium, for 
example, has been added to aluminum baths to provide 
improved corrosion resistance and molybdenum, iron, 
vanadium and chromium have been added to titanium as 
stabilizers. 
The past practices however have almost universally 

employed relatively expensive pre-alloyed additions which 
did not have completely satisfactory solution rates and 
quite often result in large and highly undesirable tem 
perature drops in the bath to which they are added. 

It is therefore an object of the present invention to 
provide metal bearing addition agents which can be eco 
nomically prepared and which can be effectively and ad 
vantageously added directly to molten metal baths. 

‘Other objects will vbe apparent from the following de 
scription and claims taken in conjunction with the draw 
ing which shows a graph illustrating exemplary solution 
rates for various addition agents, including particular 
additions in accordance with the present invention. 
An addition agent in accordance with the present in 

vention comprises a blended mixture of at least two dif 
ferent ?nely divided metal bearing materials in particular 
proportions whereby upon addition to a molten metal 
bath the metals rapidly dissolve with relatively little tem 
perature drop being developed in the molten metal bath. 
The addition agent of the present invention can be con 

sidered as comprising a “solution promoter” material 
and a “principal material”; the principal material being 
generally the metal, ‘whose rapid solution is particularly 
desired. 
In the present invention, the promoter materials in 

clude the following elements: 
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p 

CE 

2 
Al 
Si 

and the principal materials include the following ele 
ments: 

Mn V C-b 
Cr Fe Ta 
W Co Zr 
Mo Cu Hf 
Ti Ni Ag 

It has been found, as part of the present invention, that 
a principal material, when blended in ?nely divided form 
with a promoter material, in proportions as hereinafter 
described, can be dissolved in a metal bath at a remark 
ably increased rate due to coaction between the principal 
and promoter elements. Thus for example, a mixture of 
?nely divided aluminum with ?nely divided manganese, 
in appropriate proportions, results in increased rate of 
manganese solution upon addition to a molten bath as 
compared to a =Mn-Al alloy of the same proportions. 
Similarly, the principal material chromium can be ‘blended 
with the promoter aluminum to provide increased rate 
of solution for chromium. That is to say, the solution of 
any principal material, when blended in ?nely divided 
form with any promoter, in accordance Iwith the present 
invention, will ‘be signi?cantly improved. 

In addition to the elemental metals listed above the 
promoter material can be in the form of an alloy con 
taining at least 50% by weight in the aggregate of pro 
moter elements and in which the aggregate of the princi 
pal elements does not exceed a certain value as herein 
after de?ned. 

Correspondingly, the principal material can be an alloy 
containing at least 50% by weight principal elements and 
in which the aggregate of alloyed promoter elements is 
not more than a speci?ed amount also as hereinafter 
de?ned. 
An important aspect of the present invention as re 

gards solution rate and bath temperature drop is that the 
relationships of uncombined (i.e. unalloyed) principal 
material to uncombined promoter material must be with 
in certain limits. These relationships, designated (A), 
(B) and (C) hereinbelow, are expressed as follows: 

(A) 
Broad: 

>Percent Effective Principal Material><K1 
‘Percent Effective Promoter MaterialXKz 

Preferred : 

20.11 

2 33 >Percent Effective Principal MaterialXK, 
' *Percent Effective Promoter MaterialXKz 

(B) 

Percent Effective Principal MaterialzZO; preferably 230 

(C) 
Percent Effective Principal Material220; preferably 230 

20.428 

where 

K1=The aggregate amount by weight of principal mate 
rial in the addition agent. 

0 K2=The aggregate amount by weight of promoter mate 
rial in the addition agent. 
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PERCENT EFFECTIVE PRINCIPAL MATERIAL=Z IN THE PRINCIPAL 
MATERIAL OF-—~ 

Wt. of Mn Percent of alloyed Al in the principal 
Percent Mn= material plus 2X the percent of alloyed 

Total wt. of priu- Si in the principal material. 
cipal elements 

Wt. of Ti 1.25X the percent of alloyed Al in the 
Plus percent Ti= -—-——-——-————- principal material plus 3X the percent of 

Total wt. of principal alloyed Si in the principal material. 
elements 

Wt. of V 0.66X percent of alloyed Al in the principal 
Plus percent V= X material plus 3X the percent of alloyed 

Total wt. of principal Si in the principal material. 
elements 

Wt. of Mo 1.25X percent of alloyed Al in the principal 
Plus percent Mo= X material plus 2X the percent of alloyed 

Total wt. of principal Si in the principal material. 
elements 

Wt. of W 1.25X percent of alloyed Al in the principal 
Plus percent W= —-—————-— material plus 10X the percent of alloyed 

Total Wt. of principal Si in the principal material. 
elements 

Wt. of 00 2X percent of alloyed Al in the principal 
Plus percent Co= material plus 2 X the percent of alloyed 

Total wt. of principal Si in the principal material. 
elements 

Wt. of Fe 0.66 X percent of alloyed Al in the principal 
Plus percent Fe= —-—-——--— X material plus 2X the percent of alloyed 

Total wt. of principal Si in the principal material. 
elements 

' Wt. of Cr 2X percent of alloyed Al in the principal 
Plus percent Cr= — material plus 2X the percent of alloyed 

Total wt. of principal Si in the principal material. 
elements 

Wt. of Ni 2X percent of alloyed Al in the principal 
Plus percent Ni= ———~—————-— X material plus 2X the percent of alloyed 

Total wt. of Si in the principal material. 
principal elements 

Wt. of Zr 2X percent of alloyed Al in the principal 
Plus percent Zr= ——-—— —— X material plus 3X the percent of alloyed 

Total wt. of Si in the principal material. 
principal elements 

Wt. of Cu 4X percent 01' alloyed Al in the principal 
Plus percent Cu= ———————-———- X material plus 15X the percent of alloyed 

Total wt. of Si in the principal material. 
principal elements 

Wt. of Hi‘ 4X percent of alloyed Al in the principal 
Plus percent Hf= -———————-——— X material plus 3X the percent of alloyed 

Total wt. of Si in the principal material. 
principal elements 

Wt of Ag 11X percent of alloyed Al in the principal 
Plus percent Ag= ——————-—-————-—— X material plus 2X the percent of alloyed 

Total wt. of Si in the principal material. 
principal elements 

Wt of Oh 10X percent of alloyed Al in the principal 
Plus percent Cb: ———-—————-—— X material plus 5X the percent of alloyed 

Total wt. of Si in the principal material. 
principal elements 

Wt. of Ta 19X percent of alloyed Al in the principal 
Plus percent Ta= ———~————— X materiel plus 3X the percent of alloyed 

Total wt. of ‘ Si in the principal material. 
principal elements 

and Where 
PERCENT EFFECTIVE PROMOTER MATERIAL=E IN THE PROMOTER 

MATERIAL OF— 

wt. of Al 

Total wt. of 
promoter elements 

Percent Al=c 

Percent of alloyed Mn in the promoter material. 
Plus O.8_X percent of alloyed Ti in the promoter 
material. 

Plus 0.8X percent of alloyed M0 in the promoter 
material. 

Plus 0.8>< percent of alloyed W in the promoter 
mate 'al r1 . 

Plus 1.5X percent of alloyed V in the promoter 
material. 

Plus 0.45X percent of alloyed Coin the promoter 
in erial. 

Plus é).4_5>1< percent of alloyed Cr in the promoter 
a a 111 err . 

Plus 0.45X percent of alloyed Ni in the promoter 
maten' 

Plus 0.4 
mate 

Plus 0. 
mate 

al. 
_ >l< percent of alloyed Zr in the promoter 

rra . 

_ >l< percent of alloyed Cu in the promoter 
ria . 

Plus 0. X percent of alloyed Hf in the promoter 
material. 

Plus 0. 9X percent of alloyed Ag in the promoter 
material. 

Plus 0.1_><1 percent of alloyed Cb in the promoter 
a materi . 

Plus 0.0_5X percent of alloyed Ta in the promoter 
material. 

Plus 1.5X percent of alloyed Fe in the promoter 
matcri . 
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Plus: 

In e 

materi . 

ma ri 

me. n 

mate 

Plus 0.5X percent of alloyed Mn in the promoter 
material. 

Plus percent of alloyed Ti in the promoter 
a na . 

Plus 0. 3X percent of alloyed V in the promoter 

Plus 8.5%} percent of alloyed M0 in the promoter 
e a . 

Plus 81x1 percent of alloyed W in the promoter 
e a . 

Plus 0.5_><l percent of alloyed Co in the promoter 
na . 

Plus 0.5_>( percent of alloyed Fe in the promoter 
Wt of Si materi . _ 

Percent Si: ' __ Plus 0.5_>< percent of alloyed Cr in the promoter 
Total wt. of mate 

promoter elements matmaL 

material. 

material. 

material. 

materi . 

material 

material. 

Plus 'percent of alloyed Ni in the promoter 

Plus 0.33X percent of alloyed Zr in the promoter 

Plus 0.0{5X percent of alloyed Cu in the promoter 

Plus 0.3?X percent of alloyed Hf in the promoter 

Plus 0.5_>< percent of alloyed Ag in the promoter 

Plus 0.2x percent of alloyed Cb in the promoter 

Plus 0.3.3X- percent of alloyed Ta in the promoter 

The foregoing relationships have been discovered as a 
result of extensive testing and study of the principal and 
promoter materials. 
The relationship (A) as de?ned above in general repre 

sents the overall balance between “free” or “active” 
principal and promoter materials that is required in an 
addition agent for effective coaction, while relationships 
(B) and (C) de?ne the amount of “free” or “active” 
principal and promoter elements required, in the princi 
pal and promoter materials respectively, for effective co 
action and improved solution properties. Relationship 
(B) shows that only materials containing more than a 
de?ned amount of “free,” i.e. uncombined, unalloyed 
principal material are suitable, i.e. active enough to func 
tion as principal materials, and relationship (C) provides 
a corresponding relationship for the promoter materials. 
The de?nitions “Percent ‘Effective Principal Material” and 
“Percent Effective Promoter Material” further show that 
the permissible extent of alloying depends upon the par 
ticular principal and promoter elements involved. For 
example, an alloy of 60% Mn, 40% Al will be suitable as 
a principal material since the Percent Effective Principal 
Material in such an alloy is 60—40=20. However, an 
alloy of ‘60% Mn, 40% Si alloy on account of the differ 
ent interaction between manganese and silicon would not 
be a suitable principal material and the Percent Effective 
Principal Material in such an alloy is 60—2><40=—20 
which is not 220. An alloy of about 73.5% Mn, 26.5% 
Si would however be a suitable principal material. As to 
promoter materials, an alloy of 60% Al, 40% Mn will 
be a suitable promoter material since the Percent Effec 
tive Promoter Material would be 60—40=20. An alloy of 
60% Al, 40% V however would not be suitable as a pro 
moter material since the Percent Effective Promoter Ma 
terial in such a case would be 60—1.5><40=0. Further 
with respect to the aforementioned relationships (A), 
(B) and (C), in the more complex addition agents it must 
be kept in mind that all materials qualifying as principal 
materials are “lumped together” for purposes of comput 
ing percentages and factors applicable to the Percent Ef 
fective Principal Material, and all materials qualifying as 
promoter materials are “lumped together” for purposes 
of computing percentages and factors applicable to the 
Percent Effective Promoter Material. 
The following Examples A through I are given to fur 

ther illustrate how the foregoing relationships are calcu 
lated for speci?c addition agents. 

In the case Where interalloying of principal and pro 
moter material is not present in the addition agent rela 

30 
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tionships (B) and (C) can be ignored (both the Percent 
Effective Principal Material and the Percent Effective 
Promoter Material=l00); also, relationship (A) in this 
case 1s: 

Broad: 10 to 90% Principal Material and 10 to 90% Pro 
moter Material 

Preferred: 20 to 80% Principal Material and 20 to 80% 
Promoter Material 

EXAMPLE A 

The addition agent is a mixture of 60 parts by weight 
of ?nely divided aluminum and 40 parts by weight of 
finely divided manganese. 

K2260 
Percent Effective Principal Material (B)=l00 (Mn con 

stitutes 100% of the principal material) 
Percent Effective Promoter Material (C)=1=00 (Al con 

stitutes 100% of the promoter material) 

thus (A) is 
40 X 100 
e0><10o=0'67 

EXAMPLE B 

The addition agent is a mixture of 60 parts by weight of 
80% Mn-20% Al alloy and 40 parts by weight of ?nely 
divided elemental aluminum. 

K1=6O 
K2=40 
Percent Effective Principal 48 

Material (B) —‘80_“Z§X20=60 
Percent Effective Promoter_100 (Al constitutes 100% 

Material (C) _of the promoter material) 

thus (A) is 60x60 
40x 100:0‘9 

EXAMPLE 0 

The addition agent is a mixture of 50 parts by weight 
of 80% Al-20% Si alloy and 50 parts by weight of 95% 
Mn-5% Al alloy. 
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K1=50 (parts of the prinicpal material: 95% Mn-5% Al 
allo 

K2=50 (parts of the promoter material: 80% Al-20% Si) 

Percent E?ective Principal _ _ 47.5 _ 
Material _95 47.5 ><5_90 

Percent Effective Promoter Material 
40 10 _ 

=80—%><0+20—5—0>< (0) — 100 

50x90 
50>< 100:09 thus (A) is 

EXAMPLE D 

The addition agent is a mixture of 30 parts of ?nely 
divided elemental Mn, 20 parts of Cr and 50 parts of 80% o 
Al-20% Mn alloy. 

K1=50 (30 parts of Mn+20 parts of Cr) 
K2=50 (50 parts of 80% Al-20% Mn alloy) 
Percent Effective Principal__ ‘_ 

Material (B) _60% Mn+40% C1 ~ 100 

Percent Effective Promoter 80 
Material (C) _80_%><20‘60 

100 X 50 
thus 15 m =1.67 

EXAMPLE E 

The addition agent is a mixture of 80 parts by weight 
of ?nely divided 95% Mn-5% Al alloy and 20 parts by 
weight of ?nely divided 70% Al-30% Mn alloy. 

The addition agent is a mixture of 40 parts by weight 
of ?nely divided manganese, 20 parts by Weight of ?nely 
divided 80% V-20% ~Al alloy and 40 parts by weight of 
?nely divided aluminum. ‘ 

K1=60 (40 parts of Mn+20 parts of 80% V-20% Al) 
K2=4O (40 parts of aluminum) 

Percent Effective Principal Material (B) 

=67%—%X6.7%+26.6%—%g (0.66><6.7)=87.7 
Percent Effective Promoter_100 (all of promoter is 

Material (C) _ aluminum) 

. 87.7 ><60_ 

thus 1S m'— EXAMPDE G 

The addition agent is a mixture of 40 parts by weight 
of ?nely divided manganese, 20 parts by weight of ?nely 
divided 80% \Mn-20% Al alloy and 40 parts by weight 
of ?nely divided aluminum. 

30 

40 

8 

K1=60 (40 parts of Mn+20 parts of 80% Mil-20% Al) 
K2=4O (40 parts of aluminum) 
Percent Effective Principal 56 _ 

= —— 6. —86.3 Material (B) 93% 56 ( 7%) 
Percent Effective Promoter =1 0 

Material (0) O 

. se.3><c0_ 
thus (A) is ———100><40 —1.3 

EXAMPLE H 

The addition agent is a mixture of 200 parts of 50% 
Mn-20% Ti-20% Al-10% Si alloy and 200 parts of ele 
mental aluminum. 

K1=200 
K2=200 
Percent Effective Principal__r _l(_)£) 9 

Material ~00 140><(20+~><10) 
40 

:9 _.__ '' ~0 140(1.2;>><20+3><10) 
=21.4+4.3=25.7 

Percent Effective Promoter: 100 
Material 

25.7 X200 
100 X 200 

EXAMPLE I 

thus (A) is =0.257 

The addition agent is a mixture of 50 parts of elemental 
manganese, 50 parts of 40% Ti-40% Al-20% Si alloy, 
and 100 parts of elemental aluminum. (Note: The Ti-Al~ 
Si alloy is a promoter material since A1+Si>50%.) 

K2: 150 
Percent Effective Principal: 100 

Material 
Percent Effective Promoter Material: 

Percent Al:l00 parts of elemental Al+40% of 50 
parts of Al containing alloy+150 parts of total 
Promoter Material=80% 

Percent Si=20% of 50 parts of Si containing a1 
loy+150 parts of total Promoter Material=\6.67% 

Percent Ti alloyed in Promoter Material=40% of 50 
parts of Ti-contaim'ng alloy»:-150"F parts of total 
Promoter Material: 13.3 % 

Percent Effective Promoter 

thus (A) is m= 0.44 

To further illustrate the present invention, the follow 
ing Tables 1(a) and I(b) list various other speci?c pro 
moter and principal materials, which are effective in the 
practice of the present invention. 

Table I(a) .-—'Speci?c promoter materials (alloys) 

70% Al, 30% V 
80% Al, 20% Ti 
80% Al, 20% M11 
75% Si, 25% Fe 
70% Si, 5% Mg, bal Fe 
60-65% Si, 1% Al, 6% Zr, 2% Ca, 3% Ba, bal Fe 

*50 Parts of 'l‘l-Al-Si a1loy+100 parts of Al. 
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v TableI(b) .—Speci?c principal materials (alloys) 

90% W, 10% Al 
80% W, 20% Fe 
Nitrided manganese (up to 8% N) 
93% Mn, 2% Si, 1.8% ‘C, bal Fe 
70% Cr, 2% Si, bal Fe 
85% V, 15% A1 
70% V,'30% Fe 
67% Ti, bal Fe 
60% ‘Mn, 40% Cu 

As to the physical form of the addition agent of the 
present invention, it can be used as an uncompacted con 
?ned mixture, for example, the mixture of principal and 
promoter material can be wrapped in metal foil or en 
closed in consumable containers. When used in such form 
it is introduced beneath the surface of the molten bath by 
customary plunging or immersion devices and techniques. 
Most often and preferably however the addition agent of 
this invention is employed in the form of pressed com 
pacts or pellets which preferably have su?icient density 
so that they sink of their own weight in the molten metal 
bath. In either case, the initial sizing of the constituent 
promoter and principal materials is important and should 
‘be substantially all ?ner than 20 mesh for optimum 
solubility and preferably substantially all ?ner than 65 

10 

20 

i0 
—0.039 which is referred to herein as the solution rate 
K. The procedure of this example was followed with 
other additions to obtain their solution rates and these are 
listed herein below. Increasing numerical values for K, 
i.e. more negative values, represent more rapid solution 
rates. 

EXAMPLE 2 
The procedure of 'Example 1 was followed using 34 

gram pellets (78 inch diameter) formed by pressing 
blended mixtures of materials selected from those listed 
in Table II(a) at 20,000 psi. in a hydraulic press. The 
pellets had the densities indicated in Table II(b) which 
also shows the solution rates obtained. 

TABLE II(a) 

Material Composition Initial sizing 

Manganese ?ake ______ __ 100% Mn ____________ ._ 150 mesh and ?ner 

(150XD). 
Aluminum ___________ _. 100% Al _____________ _. —100 mesh+325 mesh. 
LoFe ierromanganese___ 90% Mn, 2% Si, 6.7% 65 mesh and ?ner 

C, . Fe. (65XD). 
LoSi, LoFe ferro- 86% Mn, 9% Si, 0.05% Do. 
manganese. C, bal. Fe. 

Other materials, including a commercial manganese 
containing addition agent (5% Mn “hardener”-bal. Al) 
were also tested following the procedure of 'Example 1 
and the results are shown in Table II(b) for purposes of 
comparison: 

TABLE II(b) 

Rate of solution, K Pellet density 
~—_-_ —_-—_ Mn re 

Percent cover-y, 
Bath temp., ° C ____________________ ._ 760 850 G./cc. theor. percent 

Form of addition, sample: 
,.~ . . . , . , . . P-l (5% Mn+95% Al) 1 _________ __ —-0. 032 _ 2. 41 86 95+ 

P~2 (20% Mn+80% Al) 2" .50 2. 56 83 95+ 
P-3 (50% Mn+50% Al) 2., _ 3. 53 88 95+ 
P4 (90% Mn+10% Al) 1 ________ __ 4. 26 68 95+ 
5 (Lo‘?‘e, FeMn) 8XD _____________________ __ ~—0. 005 .................. .. 95+ 
P-6 (50% LOFeFeMn+50% Al) 1’ __________ _ _ -—0. 75 3. 1G 64 95+ 
7 (5% Mn “hardener” 1%!’ lumps) _ —0. 152 . 95+ 

. -0.0 95+ 

. 95+ 
11 Mn ?ake 150 mesh_ ——0. 250 95+ 
12 LoFe, FeMn %” lumps ________________ __ 95+ 
13 60% M11, 40% Al (alloy) %” -0.122 95+ 
14 LoSi, LoFe, FeMn -—8M+20M. —0. 018 ______________________________ __ 95+ 
P-15 LoSi, LoFe, FeMn +50% 
Al 2 ___________________________ _ _ —0. 60 __________ _ _ 95+ 

mesh. The principal and promoter materials preferably 
constitute at least 80% by weight of the addition. 
When pressed mixtures are employed it has been found 

that very high compact densities should be avoided to ob 
tain best solution rates. Densities above 95% of the maxi 
mum theoretical density (the maximum theoretical density 
being that of the melted fully alloyed constituents) 
should be avoided. 
To more particularly illustrate the present invention 

various tests were performed and the data obtained is 
shown in the following examples. ‘ ' 

EXAMPLE '1 
A bath of molten aluminum (5 lbs.) was stabilized at 

850° ‘C. and a 1.5% addition (34 grams) of manganese 
was added as electrolytic manganese ?ake (2”><?1/s” 
lumps). At the various time increments listed below 
samples were taken from the bath and analyzed for 
manganese: 

Actual Percent Mn 
Time from . analysis, undissolved 
addition, percent Mn (by sub 
minutes dissolved traction) 

0. 02 > 1. 5 
0. 28 1. 24 
0. 50 1.02 
0. 811 0. 68 
l. 12 0. 40 

The foregoing data plotted conventionally on semi-log 
coordinates as shown in the drawing gives a slope of 

55 

75 

l P reperesents pellet additio; 
2 Thiis invention. 

As can be seen from the data of Table II(b), the addi 
tion agents in accordance with the present invention have 
very fast solution rates, i.e. more negative values for K. 
In particular it can be seen that additions P-2, P-3, P~6 
and P-l5 of this invention have solution rates several 
times faster than that of the “commercial hardener” addi 
tion 7 ‘and the fully alloyed 60% Mn-40% Al addition 
13. The solution rates for P-3 and the “commercial 
hardener” are comparatively illustrated in the drawing. 
As shown in Table II(b), addition agents of the present 

invention containing about 50% Mn+50% Al (P-3 and 
P-6) have remarkably fast solution rates. Thus addition 
agents containing substantially equal amounts and per 
centages of Effective Principal Material and Effective 
Promoter Material are preferred. It will be noted that the 
150 mesh electrolytic manganese addition 11 provides a 
respectable solution rate. However, manganese in this 
form is not practical as a commercial addition agent for 
aluminum since it would not readily penetrate the dross 
which develops on the top of an aluminum bath, oxida— 
tion losses of manganese would be considerable, and there 
would be problems of pyrophoricity and dusting. 

Additional tests were performed to demonstrate the im 
proved principal material solubility rate obtained through 
the practice of the present invention as illustrated in the 
following examples. 

IEXAMPLE 3 
Pellets (% inch diameter) were made by pressing 

tungsten powder (7 microns) at 5 ton p.s.i. pressure. 
Pellets thus prepared were added to a molten aluminum 
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bath at 850° C. in an amount sutiicient to provide a 1% 
tungsten addition. No detectable solution of tungsten 
was obtained. 

EXAMPLE 4 

Pellets (Ms inch diameter) were made by pressing 50 
parts by weight of tungsten powder (7 microns) with 50 
parts by Weight of aluminum powder (—100-|-325 mesh) 
at 5 ton p.s.i. pressure. Pellets (density=3.7 g./cc.) thus 
prepared were added to a molten aluminum bath at 760° 
C. in an amount suf?cient to provide a 1% tungsten ad 
dition. The solution rate, K, obtained was —0.036. 
More than 95% of the added tungsten was dissolved. 

EXAMPLE 5 

Pellets (7A; inch diameter) were made by pressing 
molybdenum powder (7 microns) at 5 ton p.s.i. pressure. 
Pellets thus prepared were added to a molten aluminum 
bath at 850° C. in an amount suf?cient to provide a 1% 
molybdenum addition. No detectable solution of molyb 
denum was obtained. 

EXAMPLE 6 

Pellets (Vs inch diameter) were made by pressing 50 
parts by weight of molybdenum powder (7 microns) with 
50 parts by weight of aluminum powder (—100+325 
mesh) at 5 ton p.s.i. pressure. Pellets (density=3.3 g./cc.) 
thus prepared were added to a molten aluminum bath 
at 760° C. in an amount suf?cient to provide a 1% 
molybdenum addition. The solution rate, K, obtained was 
—0.029. More than 95% of the added molybdenum was 
dissolved. 

EXAMPLE 7 

Ferrochromium (70% Cr, 2% Si, bal Fe) powder (150 
mesh XD) was wrapped in metal foil and added to a 
molten aluminum bath at 760° C. in an amount su?i 
cient to provide a 11/2 % chromium addition. The solution 
rate, K, obtained was —0.002. 

EXAMPLE 8 

Pellets ("4; inch diameter) were made by pressing 50 
parts by weight of ferrochromium powder (150 mesh 
XD) with 50 parts by weight of aluminum powder 
(—100+325 mesh) at 5 ton p.s.i. pressure. Pellets 
(density=3.08 g./cc.) thus prepared were added to a 
molten aluminum bath at 760° C. in an amount suf?cient 
to provide a 11/2 % chromium addition). The solution rate, 
K, obtained was —0.093. More than 95% of the added 
chromium was dissolved. 

‘EXAMPLE 9 

Elemental chromium powder (150 XD) was wrapped 
in metal foil and added to a molten aluminum bath at 
790° C. in an amount sut?cient to provide a 31/2% 
chromium addition. The solution rate, K, obtained was 
—0.068. 

EXAMPLE 10 

Pellets (% inch diameter) were made by pressing 50 
parts by weight of elemental chromium powder (65 XD) 
with 50 parts by weight of aluminum powder 

(—100+325 M) 
at 5 ton p.s.i. pressure. Pellets (density=3.15 g./cc.) thus 
prepared were added to a molten aluminum bath at 760° 
C. in an amount su?icient to provide a 11/2% chromium 
addition. The solution rate, K, obtained was —0.56. More 
than 95% of the added chromium was dissolved. 

EXAMPLE 11 

Pellets (% inch diameter) were made by pressing 50 
parts by weight of 85% Mn-9% Si-bal Fe alloy powder 
(60 XD) with 42 parts by weight of 92% Al-8% Cr 
powder (65 XD) at 5 ton p.s.i. pressure. Pellets (den 
sity=3.21 g./cc.) thus prepared were added to a molten 
aluminum bath at 760° C. in an amount su?‘icient to 
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12 
provide a 11/2% manganese addition. The solution rate, 
K, obtained was —0.14. More than 95% of the added 
manganese was dissolved. 

EXAMPLE l2 

Pellets (73 inch diameter) were made by pressing 37 
parts by weight of manganese powder (150 XD) with 63 
parts by weight of 60% Al-40% V alloy (65 XD) at 5 
ton p.s.i. pressure. Pellets (density=2.65 g./cc.) thus pre 
pared were added to a molten aluminum ‘bath at 760° C. 
in an amount suf?cient to provide a 11/z% manganese 
addition. The solution rate, K, obtained was —0.04. 

In addition to the foregoing additional tests were con 
ducted to determine the aluminum bath temperature drop 
for 1.5% Mn additions using a thermocouple immersed in 
the metal bath for temperature measurements. The results 
are shown in Table III. 

TABLE III 

Bath temperature drop for 1.5% Mn additions 

Temp. drop, ° 0. 

Bath temperature, ° C ____________________________ .. 730 760 

Addition: 
(7) “Commercial hardener” ___________________ __ 70 90 
(13-3) 50% Mn+50% Al _______________________ ._ 8 8 

As can be seen, the addition agent of the present inven 
tion P-3 results in only a minor temperature drop as 
compared to the commercial material. The avoidance of 
bath-chilling by the user of the present invention is a very 
signi?cant advantage in commercial operations. 

Further tests were also conducted with compacted addi 
tion agents formed from electrolytic manganese and 
elemental aluminum prepared as described in Example 
II except that the densities of the compacts were varied 
to determine the elTect of density on solution rate. The 
results are shown in Table IV. 

TABLE IV 

E?cet of compact density on solution rate 

Solution 
Percent rate, K, 
of max. Density, 760° C. bath 

Addition agent density g./cc. temp. 

(P-3) 50% Mn+50% Al____ 88 3. 53 —0. 55 
(P-3) 50% Mn+50% AL __ 61 2. 4 —0. 45 
(13-3) 50% Mn+50% Al. __ 91 3. 6 —0. 42 
(P-3) 50% Mn+50% Al ___________ .. 05+ 3.95 —0. 027 

As can be seen from the foregoing Table IV densities 
above about 95 % of the maximum density are to be 
avoided since the solution rate drops drastically at such 
high densities. The preferred densities for the compacted 
addition agent of the present invention are from about 65 
to 90% of the maximum theoretical density. 
The effect of initial particle sizing of the constituent 

materials on the solution rate for the addition agent of the 
present invention was also investigated using 50% 
Mn+50% Al compacts (78'', 34 grams) having a density 
of about 3.50:.0‘5 g./cc. The results are shown in 
Table V. 

TABLE V 

Solution rate at 760° C., K aluminum 
size 

Manganese size 20 mesh 20 x 65 mesh 150 mesh 

20 mesh _________ __ —0. 069 —0. 313 __________ __ 

__________ __ —0.465 _-__-_______ 

150 mesh ................................. __ —0. 63 

It has been found that for optimum results the sizing 
of the principal material and the promoter material should 
be substantially all ?ner than 20 mesh for optimum solu 
bility in molten metal baths and preferably substantially 
all ?ner than 65 mesh. 

It has been further found that the physical dimensions 
of the compacted addition agents of the present invention 
have an eifect on the solution rate and it is preferred, when 
using pressed mixtures, that the compacts have one dimen 



. .. 13 V 

sion not more than about 7A; inch, and for optimum re 
sults not more than about 1/2 inch. That is to- say, for 
example, with cylindrical compacts, either the diameter 
or length is preferably not more than about %; inch; the 
optimum minimum dimension being from about 1A to 
1/2 inch. 
Table VI shows the solution rates obtained for dif 

ferent sized cylindrical compacts (density=‘3.40‘:0.15 
g./cc.) formed from electrolytic manganese (sized 150 
MXD) and elemental aluminum (sized ~100+325 
mesh). 

Table VI.—Eifect of compact size 

Compact siZe (50% Mn+50% Al) Solution rate, K, 
minimum dimension—inches: at 760° C. 

1A _________________________________ __ —0.71 

1A; _________________________________ __ —O‘.64 

3/; _________________________________ __ —0.55 

% __________________________________ __ —0‘.30 

While the foregoing description has particularly described 
the making of principal material additions to molten 
aluminum baths, the additions of the present invention 
can he made to any metal bath in which the principal 
material is soluble. Such baths include aluminum, tita~ 
nium, iron, and copper. The mesh sizes referred to herein 
are United States Sieve Series. 
What is claimed is: 
1. A process for making metal additions to a molten 

aluminum bath which comprises introducing into the 
molten aluminum bath a blended mixture consisting essen 
tially of from about 10% to about 90% of ?nely divided 
aluminum and from about 10% to about 90% of at least 
one ?nely divided material selected from the group con 
sisting of Mn, Cr, W, Mo, Ti, V, Fe, Co, Cu, Ni, Cb, Ta, 
Zr, Hf, Ag, and alloys thereof wherein the metal'addition 
mixture is substantially all dissolved in the molten alumi 
num bath at an accelerated rate substantially greater than 
that which would be obtained with alloyed material of 
the same constituents and with substantially complete 
retention of the metal addition constituents. 

2. A process in accordance with claim 1 wherein‘the 
blended mixture is in the form of compacts having a 
density of from about 65 to 95 % of maximum theoretical 
density. , 

3. A process in accordance with claim 1 wherein the 
blended mixture is in the form ‘of compacts having a 
density of from about 65 to 95% of maximum theoreti 
cal density and wherein the initial particle sizing of the 
‘blended mixture is substantially all ?ner than 20 mesh. 

4. A process in accordance with claim 1 wherein the 
blended mixture is in the form of a compact having a 
density of from 65% to 95% of maximum theoretical 
density, wherein the initial particle sizing of the blended 
mixture is susbtantially all ?ner than 20 mesh and wherein 
such compacts have a maximum thickness of not more 
than about 7A; inch. 

5. A process in accordance with claim 1 wherein the 
blended mixture contains from about 10% to 90% alumi 
num and from about 10% to 90% manganese. 
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6. A process in accordance with claim 1 wherein the 

blended mixture contains from about 10% to about 90% 
aluminum and from about 10% to about 90% chromium. 

7. A process in accordance with claim 1 wherein the 
blended mixture contains from about 10% to about 90% 
aluminum and from about 10% to about 90% ferro 
manganese. 

8. A process in accordance with claim 1 wherein the 
blended mixture contains from about 10% to about 90% 
aluminum and from about 10% to about 90% ferro 
chromium. 

9. A process for adding metal additions to a molten 
aluminum bath which comprises adding to the molten 
aluminum bath a mixture consisting essentially of from 
about 10 to about 90% of ?nely divided aluminum and 
from about 10 to about 90% of at least one ?nely divided 
material selected from the group consisting of manganese, 
tungsten, molybdenum, chromium, ferrochromium and 
ferromanganese wherein the metal addition mixture is 
substantially all dissolved in the molten aluminum bath 

. at an accelerated rate substantially greater than that which 
would be obtained with alloyed material of the same 
constituents and with substantially complete retention of 
the metal addition constituents. 

10. A process for making metal additions to a molten 
aluminum bath which comprises introducing into the 
molten aluminum bath a blended mixture consisting 
essentially of from about 10% to about 90% of ?nely 
divided aluminum and from about 10 to about 90% of 
at least one ?nely divided material selected from the group 
consisting of Mn, Cr, W, Mo, Ti, V, Fe, Co, Cu, Ni, Cb, 
Ta, Zr, Hf, Ag, and alloys thereof wherein upon introduc 
tion into the molten aluminum bath the aluminum coacts 
with the selected material and the metal addition mixture 
is substantially all dissolved in the molten aluminum bath 
at an accelerated rate substantially greater than that which 
would be obtained with alloyed material of the same con 
stituents and with substantially complete retention of the 
metal addition mixture constituents. 

11. A process in accordance with claim 1 wherein the 
blended mixture contains from about 20% to about 80% 
of ?nely divided aluminum and from about 20% to about 
80% of at least one ?nely divided material selected from 
the group consisting of Mn, Cr, W, M0, Ti, V, Fe, Co, 
Cu, Ni, Cb, Ta, Zr, Hf, Ag, and alloys thereof. 
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