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When the conditions of the dry process are under examina-
tion, the dried materials, clay or shale with marl or limestone, are
mixed and well ground together in a laboratory jar mill. The
mill at present in use, which has given very satisfactory results
in grinding both raw material and clinker, was furnished by the
Bonnot Co., of Canton, Ohio. After mixing and grinding dry,
the material is moistened with just enough water to enable it to be
rolled out and cut up like that used for the wet process.
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HE fact that aluminum can now be classed as one of the
common metals, since it can be obtained at a moderate
price, and of certainly as great purity as other commercial metals,
has of late years made it the subject of many researches. Its al-
loys with nearly all the commoner metals liave been made or at-
tempted, but their adaptability to cominercial uses has rested
solely upon the ordinary tests and many statements of a very

unscientific nature have beeu published about them.

While working in Professor Sir Willian1 Roberts-Austen’s lab-
oratory, at the Royal College of Science, the authors were engaged
in examining anew some of these alloysin the light of recent
advancement in those methods of alloy research which Professor
Roberts-Austen has done so much to promote. Through the
interest in our work which he exhibited and by means of the
facilities which he provided us for carrying on metallographic and
pyrometric observations we now have the honor to present the
following results,—not as a completed investigation, but as the
beginning of one which has, of 1ecessity, been transferred
from one laboratory to another. We expect to continue work
upon some of these linesin the netallurgical laboratory of Colum-
bia University. It has been thought best, therefore, to present
the results already obtained by us in the laboratories at South
Kensington in the following paper.

Professor Richards, whose researches upon the industrial appli-
cations of aluminum are so well known and which entitle him to
be cousidered as the foremost authority upon the metallurgy of

! Read before the New York Section of the American Chemicdl Society, November 1,
1901,
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aluminum and its alloys, has given us a very valuable work on
the subject in his book, ‘“ Aluminum : Its History, Properties,
Metallurgy, etc.”®  In so far as this book deals with industrial
topics, resting upon Professor Richards’ own authority, it is no
doubt the best source of information to be had. A great deal of
what might be called thie ‘‘pure science’’ of the book —particularly
in regard to the alloys—is decidedly at fault and should be revised
thoroughly, and many portions, almost without exception direct
quotations from antiquated sources, niight well be omitted.

In classifying the alloys of aluminumi, Professor Richards points
out that the useful ones fall into two groups.

1. Those in whicl small amouuts of another wmetal are added
to aluminuni,

2. Those in which aluminum is added in small amounts to
other 1etals.

Generally speaking the metal present in the smaller anmount
does uot exceed 15 per cent., and practically, in alloys of the first
class, much smaller amounts give the maximum improvement in
the alloy, hardness being one of the qualities most sought. Alu-
minuni seems to be able to take up considerable quantities of cer-
tain metals withont undergoing a change in volume, though the
density and probably the hardness are improved in such cases.

Aluminum seems to form intermetallic compounds more readily
than almost any other single metal unless it be the alkalies. On
the other hand, there are several metals with which it will neither
combiune nor even mix to give homogeneous alloys except when
the added metal is present in very small percentages. Of thisclass
of metals we might mention lead, bismuth, and cadinium.

Various workers have mentioned the formation of one or niore
compounds of alumninum with antimony. chromiuni, cobalt, cop-
per, nickel, gold, manganese, magunesium, mercury, molybdenum,
platinum, titanium, tungsten, and other metals. In the light of
receut work we may doubt that the formulas of these compounds
have been correctly given in all cases. We are positive that
many of the copper-aluminum compounds so-called, that have
beetut meutioned in past years, have no existence. They are ueither
indicated by nietallographic nor pyrometric evidence and the fact
that from many alloys of aluminum beautiful and for the most
part rather stable crystals can be obtained by the use of proper
solvents does not prove that these crystals cousist of a single in-
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termetallic compound. Any one who has worked much with such
crystals knows that from alloys of different percentage composi-
tions crystals may be isolated which, while entirely identical in
form, give very different analyses. The crystals, granting that
they contain an intermetallic compound, mnay also contain one or
other of the constituents of this compound in solid solution.
This quantity of dissolved substance will be found to increase in
amount as we approach the alloy whose percentage corresponds
exactly to the formula-percentage of the intermetallic compound
under consideration. It seems to have been the custom in the
past to assign a formula to all crystalline products which could be
isolated from alloys. The result of this method and others equally
faulty isthat in the literature one may find mention of at leasteight
carbides of iron, while in iron one finds but one. Similarly, some
fifteen compounds of aluminum with copper and nearly as many
with molybdenuin have been mentioned. ~ Pyrometric evidence
indicates but two of the former (Al-Cu), while Le Chatelier
thinks he has niicroscopic evidence of four ; certainly the latter
figure is the limit. We have not studied Al-Mo alloys.

Alloys of Aluminum with Lead, Bismuth, and Cadmium.—
Aluminum, like zinc, will not mix in all proportions with lead
or bismuth to form homogeneous alloys, but separates into two
layers. Unlike zinc, it does not mix in all proportions with cad-
mium. Dr. Alder Wright has studied several such pairs of met-
als' aud his results show that in every case each of the resulting
layers of metal consists of a primary constituent holding in solid
solution a small amount of the other metal of the pair under ex-
amination. Thus lead and aluminum, after heating together,
separate into layers, lead, of course, at the bottom containing o0.07
per cent, aluminum, while the upper layer consisted of aluminum
containing 1.92 per cent. of lead. Our experiments agree with Dr.
Wright’s in the main. With regard to the Al.Cd alloys we
found the top portion to be aluminum and the base cadmium, but
in the cadmium could be seen bright minute crystals, whose spe-
cific gravity was less than that of cadmium and hence the crystals
were found mostly at the junction between the two layers. The
alloy was slowly cooled.  According to Wright, cadmium
dissolves 0.22 per cent. of aluminum and aluminum dissolves 3.39

1 /. Soc. Chem. Ind., 1892, D. 492.
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per cent. of cadmium when these metals are heated in contact for
eight hours at about 750° C.

Aluminum and Platinum.— Tissier Brothers state that an alloy
containing 5 per cent. of platinum approaches in color gold con-
taining 5 per cent. of silver. We made such an alloy, also one of
10 per cent. platinum, but were unable to detect any change in
color. 'The metals seemn to unite cheniically and by dissolving
away the excess of aluminum, long needlesshaped crystals re-
mained. These gave by analysis, 4.35 per cent. aluminuu and
95.65 per cent. platinum, which correspouds closely to the for-
mula AlPt,; we do not state, however, that such a compound
exists. The freezing-point curves of those series of aluminumn
alloys which have been completely ascertained show that the in-
termetallic conipounds of alumminum are numerous but they also
lead us to doubt the existence of many of those which have been
mentioned in the past. When platinum is present in large amount,
say from 30 to 50 per cent., the alloy is decidedly vellow. Mr.
George S. Newtl showed us some alloy of this kind made several
years ago in the electric furnace. Indeed, the production of this
alloy was probably the first iustance of a colored alloy from color-
less or ‘‘ white '’ mietals, In this case we may ahnost assunie
that the color is an evidence of chemical conibination, just as itis
in Roberts-Austen’s purple alloy, AuAl,. In the formation of
this beautiful compound the heat evolved during the reaction is
said to be so great that when once tlie reaction is started it pro-
ceeds without application of external heat.

Aluminum and Tungsten.—As has been kunown for a long tie,
these two metals readily unite. In working with alloys contain-
ing from 3 to 17 per cent. tungsten, we obtained iu every case
except oue, large, thin monoclinic crystals.  In a single instauce
sonie very beautiful hexagonal crystals terminating in hexagoual
pyramids were obtained. All efforts to obtain a further production
of these crystals were unsuccessful, except that in one alloy both
kinds occurred (see Figs. 1and 2). We were not aware that in
the cliance production of tliem in these two cases, any peculiar
conditions were operating which were absent iu the instauces in
which ouly mouoclinic crystals resulted. A number of very
curions chemical properties were noted in studying these crystals.
The analyses resulted as follows:
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Monoclinic Tungsten. Aluminum. Possible
crystals. Per cent. Per cent. formula.
Sample I..ovvvversannn. 57.1
R S 57.97 41.97 WAL
L T 60.43 39.62 ?

The third sample was in the form of very fine siftings and the
crystals may have been soimnewhat acted upon by the dilute hydro-
chloric acid used in removing the excess of aluminum.

Hexagonal Tungsten. Aluminum. Possible
crystals. Per cent, Per cent. formula.
Sample 4.000nevininiinns 50.91
S Gesrerrrnarssanas 49.19 50.52 WAL

Now, whether these are true chemical compounds of the
formulas given or not, they certainly differ as distinctly in chem-
ical behavior as they do in crystalline form. The monoclinic
crystals are readily attacked by aqua regia, while the hexagonal
ones are not. A mixture of nitric, hydrochloric and sulphuric acids
is without effect on them and when fused with mixed alkaline car-
bonate plus a little nitrate in a nickel crucible, the crucible suf-
fered much more than the crystals. With potassium bisulphate
they are decomposed with deflagration at a very moderate tem-
perature. We supposed that this fusion would give a mixture of
alkali tungstate and aluminate, but were surprised to find that
upon treating the fusion with water, a white, niore or less floccu-
lent insoluble residue remained. This residue was about as dif-
ficult to deal with as the original substance. It was insoluble in
aqua regia, slightly soluble in ammonia, but soluble in caustic
potash. ‘The monoclinic crystals by fusion with bisulphate gave
the same white residue. This we believe is somewhat impure
aluminum tungstate, Al,(WO,),.5H,0. It losesby ignition 10.4
per cent. water, and one analysis gave 66.3 per cent. tungsten ;
theory for AL,(WO,), requires 69.17 per cent.

Aluminum and Nickel.—The most commonly used metal for
hardening aluminum is nickel. For this purpose, from 2 to 5
per cent. of nickel is employed, often in conjunction with copper,
tungsten, and other hardeners. When the combined percentage
of these hardeners is from 7 to 10 per cent., an alloy is obtained
which casts exceedingly well and is very tough. We made up
alloys containing 2.12, 3.14, 4.15, and 7.97 per cent. nickel.
The first of these contained a few bright crystals, while the last
consisted of a network of skeleton crystals. On isolating these
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by the use of dilute liydrochloric acid, beautiful single crystals
were obtained, each crystal being made up of nuniberless minute
dendritic plates. Tle groundmass in which these crystals lie
is isomorphous with aluminunm and melts at a slightly lower tem-
perature. An alloy containing 7.97 per cent. of nickel, and a
single crystalline mass isolated froniit, are shown in Figs. 3and 4.

Aluminwm and Tin.—Heycock and Neville, in their work upon
tlie depression of the freezing-point of metals by the preseuce of
other nietals in them in solution. state that o0.48 per cent. alu-
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minum gives the lowest freezing-point, ziz., 3° C. below that of
pure tin. Further additions of aluminum to tin cause a
rapid rise in the melting-point of the alloy ; ten per cent. of alu-
minum raises the melting-point nearly 300° C. Qurown freezing-
point curve (Fig. 5) showsthatbeginning at pure aluminum (m. p.,
655° C.) the addition of tin causes a gradual lowering of the
freezing-point up to 74 per cent. tin (570° C.), when there is a
sudden drop to 8o per cent. tin at 490°, followed by a rise to 83
per cent. tin at 550° and then a regular fall to the eutectic-point,
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99.52 per cent. tin (229°). Microscopic exaniination of this series
of alloys, while not yet completed, shows grains and dendrites of
aluminum, or aluminum containing tin in solid solution, in a
groundmass of tin (containing 0.48 per cent. aluminum). As
the alloys become richer in aluminum, the grains of aluminum
increase while the groundmass decreases in amount and disappears
altogether at about go per cent. aluminum; that is, aluminum
containing up to 10 per cent. tin consists of a single solid solution
crystallizing isomorphously with pure aluminuni. ‘The eutectic!
in this series of alloys differs apparently from most eutectics in
that it has not as yet been resolved into two microscopically visi-
ble constituents and, indeed, seems to crystallize isomorphously
with pure tin. It seems like a single solid solution rather than
two juxtaposited saturated solid solutions of tin in aluminumand
aluminum in tin which would be expected from analogy with
other eutectic alloys. The idea of either a pure metal or single
solid solution constituting a eutectic is not contrary to the defi-
nition of a eutectic. We wish to work further on this subject.
The meaning of the sudden break in the freezing-point and curve
is as yet unsettled. Its existence is even disputed by Anderson
and McClean (Brit. Asso., Glasgow, 1go1). Gautier’s curve,
while not identical with ours, does show an irregularity in
the symmetry of the curve between 15 and 25 per cent. aluminum.
We determined the freezing-points between- these percentages in
duplicate and upon different series of alloys made by different
methods. In all our freezing-point curves, the alloys which we
actually examined are indicated in the curves by heavy dots
occurring at the percentage composition of the alloys examined.
In the same vertical line with these dots, are indicated other
breaks occurring in the cooling curves at temperatures below the
initial freezing-point.

Aluminum and Antimony.—In Richards’ ‘‘Aluminum’’ we
find a short summary of the conclusions of several workers on
these alloys.

Alder Wright* came to the conclusion that antimony formed
no commercially valuable alloy with aluminum. He found that
when antimony is dropped into molten aluminum, it falls to the
bottom and melts. No combination takes place until they are

1 For an explanation of cooling curves, freezing-point curves, how they are obtained,
etc., see Mathews : /. Franklin Inst., Jan, and Feb., 1902, or Eng, Min. /., Dec. 1901,
2 /. Soc, Chem. Ind., Juune, 1892,
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stirred, when part of them unite and form an alloy which ime-
diately solidifies on account of its high melting-point. The re-
mainder stays molten because its melting-point is comparatively
low. The solidified alloy has the composition 81.6 per cent.
antimony, 18.4 per cent. aluminum. SbAl is a gray mnass with
an iridescent luster. Its melting-point is above 1000° C. which
is most remarkable, considering that the nielting-points of its in-
gredients are 625° and 426°, respectively (the nielting-points
should be 655° and 632°). The alloys low in aluminum look
like antimony, while those low in antimony are somewhat spongy.
They all slowly disiutegrate in the air and disengage hydrogen
in water.

Roche' confirmis the existence of tlie alloy AISb with its
abnormally high melting-point, but he claims that aluminum con-
taining less than 5 per cent. antimony is malleable and superior
in hardness, tenacity, and elasticity to pure aluminum. As the
percentage of antimony is increased, the hardness and tenacity
diminish until at 10 per cent. antimony, the alloy crystallizes in
brilliant laminae. The mielting-point and ease with which moist
air attacks thealloy, increase up to 81.6 per cent. antimony, which
in moist air or water crumbles to a black powder.

Richards says ‘“The ouly useful alloy claimed by Rocle is the
one with less thau 5 perceut. antimony. This, it is true, can be
made apparently quite hioniogeneous, casts and rolls perfectly, and
is apparently superior in many ways to pure aluminun, as re-
marked by Roclie. But after a few mouths’ standing it will be
found that the alloy has disintegrated to such an extent as to be
worthless, a point which has probably been discovered by this
time.”” Qur own experienice lias been the same as that of
Richards.

Dr. Gautier, in his paper on the fusibility of mietallic alloys,*
points out that the curve of fusibility of these alloys is remarka-
ble since nearly all its points. correspond to temperatures higher
than those of the fusion of the two metals. He says that the
curve indicates the existence of the compound SbAl, whose
fusing-point is slightly lower thau that of pure copper.

On repeating this work with a recording pyrometer. we ob-
tained a ‘‘ complete freezing-point curve’’ of the series, which
shows the lower breaks as well as the points of initial solidifica-

v Mon. Sci., p. 265 (1893).
¢ Bull Soc. & Ene. (5], 1, Oct. (18g6).
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tion. OQur curve differed from that of Dr. Gautier only at the
point where the maximum occurs : whereas he placed it at about
85 per cent. antimony, 15 per cent. aluminum, we found it near
82 per cent. antimony, 18 per cent. aluminum. The compound
SbAl ought to occur at 81.6 per cent. antimony. In the case of
the alloys containing from 82-g35 per cent. antimony we had great
difficulty in taking pyrometric readings. The pipe-clay casing for
the thermocouple was found to be quite pervious to part at least of
the alloy, which by alloying with the platinum spoiled the record.
On glazing the tube, this difficulty was only partially overcome,
the method being far fromsafe. Glass was tried without success,
for on cooling and solidifying, great strains are set up in the alloy
and the glass was shattered. We were content to leave this part
of the curve incomplete for the time being, because our micro-
scopic examination was sufficient to fill in the missing parts. On
a microscopic examination, these alloys fall into two groups:

I. O to 81.6 per cent. antimony, in which increasing amounts
of the compound SbAl crystallize out in a groundmass of alu-
minum, or aluminum containing some antimony in solid solution,
and having the same structure as pure aluminun:.

2. 81.6 to 100 per cent, autimony, in which we pass from the
compound SbAl, through a series of alloys composed of crystals
of the compound in an increasing groundmass till we reach pure
antimony. The groundmass of this group could not be resolved
into two constituents and probably consists of antiniony contain-
ing some aluminum (in the fornm of AlSb) in solid solution for it
melts 2° lower than pure antimony ;' that is, in the first series
we have mixtures of aluminum and the compound SbAl, but no
free antimony ; in the second we are dealing with alloys made up
of aluminum antimonide and antimouy, but no free aluminum.
The series is remarkable in inany ways. When the antimony
reaches about 6o per cent., the alloys rapidly disintegrate in air
into a fine powder. Gautier points out that this is due to oxida-
tion, for if the alloy be weighed before and after disintegration it
will be found to have gained weight, and if the fresh alloy be
sealed 72 vacuo no change takes place. When the antimony in
the alloy is between 50 and 85 per cent. a great expansion takes
place during solidification, and part of the liquid interior of these
alloys is squeezed out and solidifies as a button on top of the alloy.

1 Gautier, see ante.
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Ou examination, this part of the alloy which squeezed out was
found to contain niuch less antimony than the original alloy.
Edmond von Aubel' states that the compound SbAl inelts at
1078°~1080° C., aud has a specific gravity of 4.2176 at 16°/4°,
whereas the calculated specific gravity is 5.2246. Therefore the
formation of this compound is accompanied by a relatively large
increase in voluine which manifests itself at the moment of solidi-
fication. The outer layer in the crucible or mold solidifies, ex-
pausiou takes place, aud the still liquid inner portious of the alloy
are squeezed out in nodular masses, The uodules may in turn
beliave in the same way and a second part be squeezed out of
their still liquid centers. It would naturally be supposed that
the formation of these squeeze-buttons would alter the composi-
tion of the residual alloy so that analyses would have to be made
of each. However, the largest buttons obtained were from alloys
containing 6o and 75 per cent. antimony. When wicro-sections
of the buttous were made they corresponded closely with kunown
alloys containing 30 and 60 per cent. antimony respectively, and
tlie buttons constituted less than 1o per cent of tlie whole mass,
By a simple calculation it is found that the residual alloys are
probably not altered by miore than 1 per ceut. or 1.5 per cent,
respectively, or at most by 2 per cent.

From the accompanying freezing-poiut curve (Fig. 3) it will
be seen that a rise from aluminum (100 per cent.) to aluminum
67 per cent., antimony 33 per ceut., is followed by a fall to an-
timouy 37 per cent., after which the freezing-point rises uniformly
to 81.6 per cent, autimouy. The reason for the irregularity in the
curve between autimony 33 per cent. and antimony 4o per cent.,
has 1ot beeu found and the microscopic examination of these alloys
offers no explanation. Itmay be thatthe differeuce is one of com-
position of the crystals, for it was noticed on etchiug, that the
crystals in the 33 per cent. alloy were more easily attacked than
those before or after it. It must be remembered in this connec-
tioun that although the crystals consist primnarily of the compound
SbAl yet that need not be the sole coustituent. Crystals iso-
lated from series of alloys, though identical in form, are usually
not definite in composition.

In the accompanying microphotographs examined in conuec-
tion with the freezing-poiut curve it will be seen how the

1 Compt. rend., 132, 1266=7 (1g01),
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crystals of SbAl increase toward the alloy whose freezing-
point constitutes the summit of the curve. In those
containing crystals plus aluminum, the groundmass decreases
from aluminum 100 per cent. to aluminum 18.4 per cent., when it
disappears; in those alloys which consist of crystals plus anti-
mony, the groundmass decreases from antimony 100 per cent. to
antiniony 81.6 per cent. At the percentage corresponding to the
summit in the freezing-point curve we should have a perfectly
homogeneous mass consisting of pure crystals of the compound
SbAl.  Our figure, antimony 82 per cent., aluminum 18 per cent.,
shows nearly this condition. ‘These are tlie two most reliable
evidences of an intermetallic compound ; »7z., a summit in the
freezing-point curve which is afforded by an alloy which solid-
ifies as a whole to a homogeneous mass at a single definite temper-
ature. Alloys on either side of the summit consist of crystals of
the compound decreasing in amount according to the distance
they occur from the alloy of formula percentage, and disappear-
ing entirely when the branch of the freezing curve in which the
surmmmit occurs disappears.

Fig. 6 shows an alloy containing 5 per cent. antimony, 95 per
cent. aluminum, magnified 33 diameters and obliquely illuminated.
Dark crystals of more or less pure SbAl, lath-like in shape, are
seen in a granular groundmass cousisting of aluminum or alu-
minum containing some antimony in solid solution.

Fig. 7 shows tle alloy, 25 per cent. antimony, 75 per cent.
aluminum. Similar to the above, but the crystals have increased
in amount and size (33 diameters oblique).

Fig. 8 shows the alloy, 40 per cent. antimony, 60 per cent.
aluminum, The datk crystals have become much larger and
show a tendency toward parallel growth, thus forming large com-
posite crystals. ‘The groundinass is granular as before (33 diam-
eters oblique).

Figs. g and 10 show, respectively, the alloy 60 per cent. anti-
mony, 40 per cent. aluminum, and the squeeze-button resulting
during the cooling of the original alloy. These and all the other
alloys of the series are vertically illuminated. In these two, the
compound appears bright and the groundmass of aluminum dark.
The groundmass is decreasing rapidly and the crystals are begin-
ning to interfere withi each other, forming large masses of the
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compound. In the crystals of the squeeze-button we see a num.
ber of skeleton triangles.

Fig. 11 is practically pure SbAl plus a little antiinony which
appears bright.

Fig. 12 shows go per ceut. antiniony, 10 per ceut. aluminuni,

33 diameters. It is very friable and difficult to polish, and it
is almost inipossible to get rid of small pittings in the surface.
Small crystals of SbAl are seen in a bright groundniass of anti-
niony.

Fig. 13 sliows g5 per cent. autiniony. 5 per cent. aluminum, un-
etched. The crystals are much smaller and niore regular than
those of a 3 per cent. aluminum alloy but not so minute as those
of a 10 per cent. aluminum alloy. Thus in passing from the
conmpound ShAl to pure antimony, we find first the compound
breaking up into very minute crystals, while, as the temperature
of initial solidification decreases, we find the crystals increasing
in size, but of course decreasing in number. This is just the re-
verse of what happens in the alloys on the aluniinum side of the
sumniit.  So far we have found no solvent suitable for isolating
the crystals. All those tried attack the crystals and even water
decomposes them slowly. When a solvent is found, the crystals
from the region of the irregularity in the freezing-point curve
will be analyzed and their compositions compared. The etching
of the alloys between 40 and 60 per cent. antiinony generates cou-
siderable heat; in sonie cases this was sufficient to soften the
cementing material used to fix the alloy upon glass for plioto-
grapliic purposes,

Aluminum and Copper.—In Gautier’s curve of the melting-
points of these alloys, we find inaxima at about 50 and 88 per
cent. copper. and minima at 33 per cent., 54 per cent., and about
92 per cent. Definite compounds certainly occur at the maxima,
namely AlCu, containing 48.4 per ceut. copper, and AlCu, con-
taining 87.6 per cent. copper. The fall in melting-point at 7.5
per cent. aluminum seems to indicate combination at this point,
AlCu, = AlCu, -~ Cu,. Le Chatelier’ has detected our com-
pounds, wzzz.. AlCu,, and probably AlLCu,, AlCuand Al,Cu. He
prepared the series of alloys by placing molten aluminum ou
molten copper and allowed the two to alloy at the junction and to

V The Metallographis!, Jan., 1901,
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diffuse, thus obtaining the whole series of alloys between pure
aluminum and pure copper. In connection with the drop in
melting-point of the alloy at 56 per cent. we noticed also a cor-
responding irregularity of the specific gravity as compared with
those alloys which precede and follow it. There is one well-
marked eutectic (Fig. 14) melting at 535° and extending from
about 10 per cent. copper to 48 per cent. copper. Between o and
10 per cent. copper we got a great number of minor points below
the initial freezing-point, the meaning of which we have not
determined. That the eutectic does not extend beyond 10 per
cent. copper is due to the fact that aluminum can hold a consider-
able amount of copper in solid solution, which copper imparts
certain advantageous properties to the aluminum. Beyond 50 per
cent. copper the curve becomes very complicated, and we find
three rows of subsidiary points indicated in the cooling curves.
Their meaning will be revealed on microscopic examination if eu-
tectics, or by a series of quenchings if changes in the solid.

At 88 per cent. we find a summit, corresponding to AlCu, and
between this point and pure copper, no lower points on the cool-
ing curves were observed. Yet thie 93 per cent. alloy solidifies
at a much lower temperature than either AlCu, or pure copper.
If, as LeVerrier surmises, there is a compound at g3 per cent.
(or rather at g2.5 per cent. copper), then the alloys between this
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and AlCu, are solid solutions of one compound in the other, and
those between g2.5 and 100 per cent. copper aresolid solutions of
AlCuy, in copper. We have only commenced work upon the
micro-structure of these alloys. We hope ultimately to explain
all the pointsin this curve which, as yet, are not understood. The
long line of horizontal points below the eutectic line is as yet un-
explained. As a basis for further study, we shall consider that all
thealloys of aluminum and copper belong to three groups as shown
by our curve: (1) Fromn o to 48.4 per cent. copper, tle alloys
consist of aluminum and ALCu,; (2) from 48.4 to 87.6 per cent,
copper the alloys consist of the compounds Al Cu,and AlCu,:
alloys within this range contain neither free aluminum nor free
copper ; (3) from 87.6 to 100 per cent. copper, the alloys consist
of AlCu, and pure copper. These three pairs of constituents
mixed or dissolved in various proportions probably conipose all
the possible alloys. The other compounds mentioned by
LeChatelier seem to give no indications of their existeuce so far
as pyrometric evidence is concerned.
METALLURGICAL LABORATORY OF THX
ROYAL COLLEGE OF SCIENCE AND

SCHOOL OF MINES,
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ON THE TEMPERATURE REACTION OF OILS WITH SUL-
PHURIC ACID—-MAUMENE’S TEST.

By H. C. SHERMAN, J. I,. DANZIGER AND L. KOHNSTAMM.

Recejved October 28, 1901,

AUMENE in 1852* showed that the rise of temperature on
M mixing with strong sulphuric acid is considerably greater
with drying than with nou-drying oils and that the difference
may be of practical value in testing olive oil for the presence of
poppy or other seed oils with which it may be adulterated. 'This
method has generally been known as the Maumené test. As
originally described and generally carried out, it consists in
adding to 50 grams of the oil in a beaker, 10 cc. of strong
sulphuric acid (according to Maumené, 66° Bé.), stirring with a
thermometer, and observing the rise in temperature. Obviously
it is essential that thie test be always carried out under similar

1 Read at the meeting of the New York Section of the American Chemical Society,
June 7, 1901,
2 Compt. vend., 35, 572.



