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the semi-crystalline mass extracted with ether, the ethereal solu-
tion evaporated to dryness, crystals formed freed from oily sub-
stance by washing with ligroin, and recrystallized from benzene.

Of the products theoretically possible, acetophenone pinacone,
or diphenyl dimethyl glycol, forms large colorless prisms,
melting at 120° C. The product obtained melts at 120° C., and
in every particular corresponds to the above. The yield was
excellent.

It is our intention to further pursue the investigations with
nitriles, ketones, oxynitriles, and amido-nitriles.
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PREVIOUS paper' described in detail the results of a
chemical examination of some ternary alloys of iron with
chromium, molybdenum, and tungsten. In the course of the
experiments there described two definite carbides were separa-
ted and it is proposed to give additional details obtained later.
The physical description of the crystals is taken from Professor
F. Lynwood Garrison’s discussion of the paper cited.” The
alloys described were made by taking pairs of the elements:
tungsten chromium irons, molybdenum chromium irons, and
molybdenum tungsten irons. The proportions taken were not
based on equal weights but on quantities taken in the ratio of
the atomic masses of the constituents. They were 1:1, 5:1,
and 1:5. A lump of cast iron weighing fifty grams was
imbedded in the mixture and melted, a white heat being main-
tained for an hour. The aggregations to be described were
found in the chromium alloys and only in the two alloys (Nos.
II and V) in which chromium was the predominant metal.
These two alloys showed well individualized crystals differing in
form and reactions from the matrix in which they wereimbedded.

1Iron and Steel Institute, May meeting, 189s.

2 Jbid. 1 take this opportunity of expressing my indebtedness to Professor Garrison,
through whose kind offer I was enabled to present this paper]to}the council of the
Institute.
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Berthier and also Percy' have noted the presence of needle-
shaped crystals in ferrochromium and in chromium steels.
Further details are not given. Behrens and Van Linge, ina
recent paper, have described at length the physical and chem-
ical properties of segregations in ferrochromiuin. On treating
thie alloy with acid they obtained bayonet or rod-shaped crystals,
three to four millimeters in length, a few being eight to temn,
non-magnetic, of harduess 7.5. Tle composition, however,
varied with the ferrochromium from which they were ob-
tained ; ferrochromium with 13.8 per cent. chromium, eighty-
one per cent. irom. and five and omne-half per cent. carbon,
giving the compound Cr,Fe,C,, whereas with fifty per cent.
chromiun, the composition was approximately Cr,FeC,. Tley
point out the relation of the first compound to Fe,, chromium
replacing a part of the iron, and consider that chromium forms
" double carbides less soluble in iron than the ferrocarbides, at
thie same time facilitating the crystallization of the latter.”’?
Considering the marked development of thie segregations in
the ternary alloys it appears to e doubtful whether they are to
be referred, as to origin, to the iron carbides. Tle prismatic
form is not a dominant one with the iron carbides, although it is
found under certain couditions. Howe, citing Sorby, notes
three successive crystallizations in hard cast-steel. I quote him
in exfenso . he says, "'First we have the large prismatic colum-
nar crystals, normal to the cooling surface, and couspicuous on
fracture. They apparently represent the first crystallization, be
it of hardenite, be it of the hypothetical mother-of-pearlyte,
which in this case has expelled the excess of cementite present,
distributing it as an elongated meshwork between the crystals.
Secondly, these columns or crystals are chiefly composed of
groups of pearlyte, disposed with little or uo relation to the
columnar structure, indeed shooting from omne column into
auother, aud apparently formed from the substauce of the pri-
mary crystals of a second crystallization. Finally, by a third
crvstallization, each of the individual members of the radial

1 Percy, /ron and Steel, p. 186, Berthier from Fercy not the origiual.
2 Recuil trav. chim. Pays-Bas., 13, 155-131. Frou the abstracts in /. Soc. Chem,
7nd. 14, 275, 1895, and J. Chem. Soc., 64. 452, 1894.
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groups of pearlyte has split into parallel layers of cementife and
ferrite, which apparently occupy the space previously occupied
by a simple undivided crystal.’”” Again, ‘‘the exterior colum-
nar structure is clearly due to the rapid escape of heat from the
shell of the ingot into the mold. We may suppose that the
metal naturally tends to crystallize in equiaxed grains: that
there is a struggle between this tendency and the tendency to
crystallize in indefinitely long prisms which the rapid cooling
sets up. As the walls thicken and the flow of heat outward
slackens, the prismatic tendency weakens: the suddeu transition
from the prismatic to the equiaxed formation suggests that no
resultant, no compromise is possible, so that from the moment
when the equiaxial tendency outweighs the prismatic it reigns
alone, as if its rival were not.”’' This is the only mention
of prismatic structure in ordinary carbon steel that I find in the
‘‘Metallurgy.’”’ If the intense hardness of ferrochromium, ferro-
tungsten, and ferromolybdenum is to be ascribed to the conver-
sion of the carbon present into hardening carbon and its reten-
tion in that form—although from the researches of Riche and
especially of Moissan this hardness can just as well be attributed
to carbides of chromium, tungsten, or molybdenum—the alloys
under discussion can be justly compared to hard cast-steel con-
taining a large excess of carbon and the prismatic form of the
crystals in IT and V could be attributed to a structure found in
such steel as described above. However, the conditions are by
no means identical. The crystals in II and V are present
throughout the mass forming a network with the interstices
filled in by the equiaxial granular material. There is no line
where the equiaxial tendency has overcome the prismatic and so
sharply differentiated the alloys into an external prismatic shell
surrounding an interior of equiaxed grains. Also, the crystals
show a marked increase in density as compared with the granu-
lar material and the alloys in which they are found differ in
hardness from the rest of the series. In fact, the crystals give
every evidence from their sharpness of outline of having a higher
freezing-point and as having separated out from the mass of the
alloy at a time when it was not liquid enough to effect their
1 Metallurgyof Steel, p. 182, 183.
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segregation into any one portion of the alloy, but liquid enough
to secure their own crystalline forn: at theexpeuse of compounds
crystallizing later. For when a wass of iron is allowed to cool
uniform!y, from the resultant structure it would appear that the
constituent compounds have freezing poinuts not so far removed
from each otlier as to effect the segregation of any one of them
into a part of themass. This has no reference to the micro-
structure of iron and steel in which tlie compounds identified
appear to be somewhat unstable in nature, passing readily from
one form to the other even by cold working. The columnar
structure is only stable under the limited conditions existing for
its formation and by slight alteration of the ethod of cooling
or of working passes readily into other formus. Also, the col-
wmns are oftenn distinctly a mere structural arrangement of the
grann'ar material with radial lines forming prismatic aggrega-
tions in which the granular componeuts are distinctly manifest.
There 12 in the mnicro structure of steel a compound to the devel-
opment of whichn might be attributed the prismatic and uneedle-
like form when found in iron ailoys. This has heen described
bv Osmond' and named by him martensite. It is found in steel
ofo.45 carbon lieated to 825° and tempered at 720° i a cooling
mixture of —z0°. It occurs *in groups of needles or rather
of rectilinear fibers lying parallel and separated or not by a
granular or vermicular filling."' From the grouping of three
systems of fibers respectively parallel to the three sides of a
triangle he regards them as crystallites of the cubical system.
In the absence of any other source the formi of the prismatic
needles found in ferrochiromium and in thesetungsten chromium
irous (II) and molybdenum chrominm trons (V) conld be attri-
buted to the development of the microstructural element, to the
fixation of the prismatic columnar structure, or to the rod-shaped
fiber structure of Abel's carbide Fe, . As to the two first, in
despite of their instability and the absence of auy boundary line
between the prismatic and granular férmations, it seems to me
better to attribute the form to the carbide of chrominm isolated
by Henri Moissan.” This carbide, of formula CCr,. he describes

1 Bull. de la. Soc. d’Enc, pour, 1'Ind. Nat.. May, 7au;.
2 Rull. Soc. Chim. Paris, 11, 1016, 78.1.
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as forming needles one to two cm. in length lining the cavities
found in the melt. He also isolated a carbide C,Cr, occurring
in brilliant lamellae. Of the two the lamellar carbide was the
harder, scratching topaz but not corundum, whereas the pris-
matic carbide scratched glass readily, but quattz only with
difficulty. Both carbides were very stable compounds and were
chemically inert. The crystals found in the ternary alloys were
confined to the high chromium compounds in which the ratio of
chromium to tungsten or molybdenum was as five to one. The
alloys, II and V, were much softer than the other alloys, which
would be the case if hardness is dependent on the carbide of
chromium present. For comparison, Table I gives the compo-
sition of the series of alloys.

If now the prismatic segregations in ferrochromium be com-
pared it will be found that, with tlie exception of the compound
Fe,Cr,C,, chromium is the dominant constituent in the carbide.
For example:

TABLE II. SEGREGATIONS IN FERROCHROMIUMS.

B.and B. and V. V. II. 11 B.
Vanl. VanlL. Analysis 1 Analysis 2
Fe,Cr;C;. FeCryCy. Fe(CrMo)gCy. Fe(CrMo)5C4 Fe(Crw)yCy. Fe(Crw),C,

Iron ..... «.. 0.8100 0.3030 0.4639 0.4650 0.4724 0.4723
Chromium .. 0.1380 0.5671 0.4623 0.4606 0.3542 0.3682
Molybdenum .... v 0.0201 o. 0194 cene ceee
Tungsten «.. ... 0.1139 0.1007
Carbon ..... 0.0550 ©0.1299 0.0553 0.0559 0.0595 0.0599

Fe,Cr,C,, on the contrary, could fairly be classed as derived
from an iron compound—Fe,C. This compound, isolated by
Abel and subsequently by Muller, is described as a dark-grey
residue ; Osmond and Werth obtained it in the form of bright
plates; Behrens and Van Linge. treating Dannemora iron,
obtained it as bright spangles and rods; and Arnold and Read
obtained it in two forms, as bright silver plates and as a grey
black powder in microscopic granules." The segregations in
the ternary alloys are to be compared with the ‘‘ brilliant white
radial needles’’ described by Behrens and Van Linge and which

1 Abel—~Proc. Inst. Mech. Eng., 7895, p. 30 { Muller—Stahl und Eisen, No. 5; Osmond
and Werth—Annales des Mines s895: Behrens and Van Linge—as cited, s8¢ Arnold
and Read—/. Ckhem. Soc. Trans., 65-788, 189¢. Also Ledebur Jour. Iron and Steel, Inst.
1893, I1. 53. The quotations fullowing are from the abstract of Behrens and Van Linge's
paper.
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are characteristic of ferrochromium, attaining a very marked
development which places them entircly outside the category of
micro or sub-micro structure. I am in doubt as to whether the
formula Fe,Cr,C, is meant to represent the needles, for this com-
pound is described as ‘‘ a coarse brownish grey lustrous powder,
made of small bars, of which many are three to four mm. in
length.”” The data are confessedly very scauty but against the
iron derivation of the needles is to be placed the three compounds
found in the ternary alloys whose constancy can hardly be
ascribed to the constituent tungsten or molybdenum, metals
chemically to be classed with chromium ; and the existence of
Moissan’s carbide Cr,C, an analogous compound. This is more
clearly understood from Professor Garrison’s description given
later. That, however, the constitution of such compounds would
be dependent onthe composition ofthe mixture and would only be
fairly constant within certain limits can be readily understood,
as, for example, with double salts crystallizing in varying propor-
tions; and herice when the iron becomes an unimportant factor
in the composition of the alloy its influence would correspond-
ingly wanein the compound crystallizing from the niixture, and
vice versa. It is to be noted, moreover, that very little is known
of the valence or combining power of the elements in metallic
alloys and not only is this lacking for iron and chromium, but
if the composition of the crystals is dependent on the composi-
tion of the alloy and the temperature at which they separate
there may also be an alteration in the ratio in which iron and
chromium combine, for valency may well be dependent on the
temperature. Note that alloy II contains 12.07 per cent. of
chromium but has a much greater content of chromium in the
separated crystals than the compound of formula Fe,Cr,C,.

The separation of the crystals from the granular material was
readily effected by the comparatively slight action of nitric acid
which left the crystals as residue intermixed with a little silica.
This was volatilized as silico-fluoride and after washing with
water and subsequently with ninety-five per cent. alcohol the
crystals were obtained free from impurity. Their reactions
show them to be chemically very inert compounds. As stated,
they are but little attacked by nitric acid, strong or dilute.
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Hydrochiloric or hydrofluoric acid does not attack them. Strong
sulphuric acid slowly decomposes theu leaving a black residue
which still retains the form of the crystals. ‘The solvent is use-
less as a means of analysis. By themselves the crystals are
attacked but slowly by strong aqueous solutior; of bromine or of
iodine and only on heating. However, in the residue obtained
by treating thie allow with these reagents 110 trace of the crystals
could Dbe observed, using a leus magnifving fifty diameters.
With reflected light the residnes showed graunular masses of
irregular shape with brilliant metallic Inster.  From the mode
ui occurrence of the ervstals in the alloy they could hardly have
been absent from the samples examined, At a red heat chlorine,
bromine, and iodine readily decompose them, but their analysis
15 best effected by fusion with an oxidizing mixture of sodinm
carbonate wivl saltpeter witit addition of caustic =oda,

Professer Garrison, in hiis discussion.’ wives the form and
diviensions of the eorvstals as llows: 1 utave examined
under the microscope thie segregations obtained from allovs
TUued Voand dnd them to consist of well developed prismatic
lexagonal crystals, more or less corroded by the nitric acid sol-
vent D owas nat able to detect any of the crystals with pyra-
widat terminations ; most of them appeared to have beeu broker,
leavimyg ragged cuds, as would be observed v Figs. 1 and 2.
The yeneral appearance of the crystals frow the different alloys
is simlar.  Those from IT averaged «.03 to vy of an inch in

length, and 0.003 of an ineh in diameter; tiose from V were
0.03 to 0.04 11 length and c.003 of an inclt in ditameter.  The
aspect of the crystals under a magnpificatior of teirty-five diam-
eters s well shown by the micro-phiotographs ; Fig. @ bemy iron

attes IToand Fig. 2 from Vo T was able to detes Caht
difference fnoenlor between the twe v otiss woen tiey were

heaped in masses aw! lield in the properhyht. 1Y had a decided
velowsh metallie fuster ; Voa dark ~i.o grayisli-blue color and
luster.  The slight difference in thickuess was .10t appreciable
to the naked eve, neithier would the color or luster be apparent
ti, a casial observer. 1 experienced some difficulty in making

specific gravity determinations »f these cerestals, owing to

©ivon aiei Sleet Justitute, May meeting, o3
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the extremely small quantities. On the whole, I thiunk those
mentioned are nearly correct, although that of IT miglht be a
light one.””  Of II specific gravity is 12.80; of V 7.473 (Garri-
son).'

Ttlie analytical results obtained were :

Alloy V.—Fervomolybdenumchromium Carbide. The analysis
was made as follows : Half a gram of pure crystals were fused
with the oxidizing mixture with addition of caustic soda. The
nielt was cooled, lixiviated in water, and tlie solution contain-
ing chromate and molybdate filtered from the restdual ferric
hydroxide. Tlesolutionwasacidified with hydrochloric acid and
boiled to dryuess with addition of alcohol to ensure reduction of
the chromic salt. The residue was then dissolved in a little
dilute hydrochloric acid, diluted and brouglt to boiling. Chro-
mium was precipitated by ammounia in excess, the boiling being
continued for at least half an hour. The precipitated chromic
hydroxide was filtered off, washed twice with liot water, dissolved
in dilute hydrochloric acid, and reprecipitated by ammomnia.
This solution was filtered, the filtrate being added to the first
but uot the washings. The chromic hydroxide was now thor-
oughly washed by boiling up with water, decanting, finally
throwing on the filter, and washing with boiling water. It was
then dried, ignited, and weighed as Cr,O,. Inanalysis 1 (table
II) the filtrate containing the molybdenum was boiled until the
odor of ammonia hadto a great extent disappeared. The solution
was then acidified with sulphuric acid, poured into a separatory
funuel containing zinc and, after reducton, titrated with per-
manganate (Pisani’'s method). In analysis 2 the molybdenum
was determined gravimetrically. The ferric hydroxide was examui-
ined for silica but the quantity found checked closely with that
present in the alkali salt used for fusion. After removal of
platinuni, iron was converted to sulphate and titrated in acid
solution by permanganate. The chromic oxide was fused with
bisulphate and the solution examined for phospliorus with nega-

! In some experinients carried out by Professor Garrison and wmyself with highly
phosphoric titaniferous pig irou. prisinatic needles wgre obtained lining the cavities
and blow-holes. Their formi conld not be made out with certaiuty but they were well
developed and iu no sense belonged to the micro structure of the alloy. They have not
yet been isolated. The prismatic formis of frequent occurrence in Ferromauganese.
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tive results. If silicon or phosphorus were important constitu-
ents of the crystals they would readily be detected in a half gram
sample. The carbou of analysis 1 was determined by direct
combustion of the crystals with the lead and potassimm chro-
mate mixture. The carbon of 2 was determined by combustion
of the residue obtained after first decomposing in chlorine at a
red heat.

TABLE III. FERROMOLYBDENUMCHROMIUM CARBIDE.

Analysis 1. ‘Atomic ratio. Analysis 2. Atowic ratio.
Trom coveeenvevnuens 0.4639 0.828 0.4650 0.830
Chromium «........ 0.4623 0.882 0.4606 0.879
Molybdenum....... 0.0201 0.021 0.0194 0.020
Carbon.cserenrennn, 0.0553 0.461 0.0559 0.464

No mangaunese, silicon, or phosphorus were present. These
results give the ratio Fe:CrMo:C::1.79:1.95: 1, or formulated
Fe,(CrMo),C,. To this compound I give the name Wallite,
from Dr. William H. Wahl, well know for his valuable contri-
butions to nietallurgy.

Alloys II and II B. —Ferrotungstenchromium Carbide. In
addition to the alloy (II) described in the first paper, a second
alloy (II B) was made using 200 grams of iron in the elt
instead of fifty. The object in doing so was to determine
whether change in composition of the nielt had any effect on the
composition of the resultant crvstals. The quantity of crystals
obtained for analysis ITwassmall. Iron,chromium,andtungsten
were determined after purifying by nitricacid one gram of the origi-
nal material. The residue was then analyzed and thie calcnla-
tions made to 100 per cent. For analysis IT B abundant mater-
ial was available. Considering the sinall quantities available
for the first analysis the agreement is satisfactory. Comparing
with alloy V it would appear that the ratio of chrominm to iron
is not the same in the two alloys. Tungsten and molybdenum
probably play the same role as chromium and replace it perhaps
in varying quantities. The analysis was made by decomposing
the crystals as with alloy V. The solution comtaining tungstate
and chromate was acidified with hydrochloric acid, alcohol
added, and evaporated to dryness. The residue was taken up
in dilute hydrochloric acid and an equal bulk of alcohol added.
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The tungstic acid was filtered off, dissolved from silica by ammo-
nia, the solution evaporated, and tungsten determined as WO,.
The filtrate containing chromium was brought to boiling and
chromium hydroxide thrown down by ammonia. Alloy II,
as obtained in original sample, contained iron 0.0423, chromium
0.0317, tungsten o.0ro2. The analytical results gave :

TABLE IV. FERROTUNGSTENCHROMIUM CARBIDE.
Alloy II.  Atomic ratio. Alloy II B. Atomic ratio.

Iron..ooeeve oo vonnn ¢ 0.4724 0.843 0.4723 0.843
Chromium ««ovvvoun 0.3542 0.676 0.3682 0.702
Tungsten «..oeovees 0.1139 0.060 0.1007 0.054
Carbon.cieevveeannn 0.0595 0.496 0.0599 0.494

No manganese, silicon, or phosphorus was present in II B.
These results give the ratios:

Alloy II. Fe : CrW : C:: 1.69 : 1.49 : 1, or formulated
Fe,(Crw),C,.

Alloy II B. Fe:CrW :C::1.73:1.53:1, or formulated
Fe,(Crw),C,.

Carbon in both cases was determined by direct combustion of
the crystals. To the compound I give the name Garrisonite,
from Professor F. Lynwood Garrison, a valued contributor to
the study of the microstructure of iron and to its metallurgy.
Alloy II B contained, chromium 0.1070, tungsten 0.0871.

ON THE POSSIBILITY OF THE OCCURRENCE OF HYDRO-
GEN AND rETHANE IN THE ATMOSPHERE.'

Received Sepiember o, 1895.
BY FRANCIS C. PHILLIPS.

HATEVER may have been the process by which organic

remains have in thie course of time been caused to yield
gas and petroleum, a considerable portion of the gas evolved in
the early stages of decay must have escaped into the atmosphere
before the burial of such remains under sedimentary deposits,
and the consequent imprisonment of the miore volatile products
could have occurred. This would have been the case if, as in
the view of the older geologists, the source of gas and oil is to-
be looked for in the slow decomposition, at low temperatures, of

1 Read at the Springfield meeting,



