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X-RAY DIFFRACTION INVESTIGATION OF MINOR PHASES
OF 20 HIGH-TEMPERATURE ALLOYS

By B. M. Rosenbaum

SUMMARY

X-ray diffraction methods were used to identify the minor
phases present in 20 high-temperature alloys in current use:
16-25-6, 17W, 19-9DL, Discaloy 25, 8590, N155, K-42-B, Refractaloy 26,
Nimonic 80, Inconel W, Inconel X, Inconel, Vitallium, 61, Stellite
No. 6, 6059, 422-19, X-40, S816, and Hestelloy B.

The seven minor phases found to exist in the various alloys
were columbium carblde, columbium nltride, titanium carbide,
titanium nitride, chromium carbide (Cr703$, and carbides of the

M‘ZSCS' and Msc-ty'pes in which the ratios of metal M +to carbon

atoms are, respectively, 23:6 and 6:1. The following relations
were found from the results of this Investigation:

1. When the ratlo of the atomic percentage of titanium to that
of carbon is 12.5 in the nickel-base alloys, titanium nitride is
found.

2. Columbium and titanium are effective nitride and carbide
formers.

3. When titanium is not present In these alloys, in order for
columbium alone to combine with all the carbon of an alloy, it must
exist in a quantity appreciably above that theoretically required.

4. In the high-temperature alloys contalning a queantity of
chromium in the order of 20 percent with small percentages, relative
to the carbon content, of other stronger carbide-forming elements »
the carbide Cr;Cz is found.

5. With an increase in the ratio of the atomic percentage of
molybdenum and tungsten to the atomic percentage of carbon avail-
able to these elements for combination, the carbide comtaining the
molybdenum and tungsten atoms tends to change from Mp3Cg to MgC.
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INTRODUCTION

Carbldes, nitrides, and other phases distributed throughout the
matrix of alloys play a significant role in determining the char-
acteristics of the alloys. An element dissolved in the matrix may
alter such properties of the matrlx as corrosion and oxldation
resistances, hardenability, strength, and crystal structure. When
& minor phase appears 1ln an alloy, stresses within the matrix
result and these stresses may exert a great Influence on the high-
temperature properties of the alloy such as creep and stress-
rupture strengths., The identificetion of these minor phases in an
alloy is Importent in determining the distribution of the elements
of the alloy among the phases.

Knowledge of the manner 1n which a specific element 1s dis-
tributed among the various phases of an alloy would permit evalua-
tion of the function of that element in the alloy. This informa-
tion would also help in selecting the percentage of an olement
required in a new alloy contalning the same types, but not the
same quantities, of minor phases as alloys previously studled. For
example, chramium in solution in an Iiron-base matrix ls well known
to produce excellent resistance to oxidation by forming a tightly
adhering oxide £film on the suxface under oxidizing conditions.
Chromium, however, is a carblde-former; if all the chromium in such
an iron-base alloy forms carbides, this resistance to oxidation. is
lost. Therefore, if chromium is to be dissolved in the matrix of
an lron-base 8lloy in a sufficlent amount to glve a specified
oxidation resistance, the mammer in vhich chromium distributes
i1tself among the carbide phases and the matrix must be considered
in determining the percentage of chromium that the alloy should
possess.

Although a large amount of research has been conducted ,on the
compositions of the minor phases of steels, light alloys, and
copper-bese alloys, little research has been published on the com-
positions of the minor phases present -In high-temperature alloys
in current use. The minor phases in Vitallium, a cobalt-base
alloy, have been Ilnvestigated mloroscopically by Badger and Sweeny,
who found the phases MpzCg (vwhere M is any metallic atam of

the alloy), MgC, and CrCz to be present (reference 1).
An investigation was therefore conducted at the NACA Cleveland
laboratory to ldentify the minor phases existing in 20 high-

temperature alloys and to obtain a pattern of the relations between
the composition of these alloys and the formation of thelr minor
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phases., The 20 alloys are representatlve of the materials employed
in current gas-turbine epplications. The identification of the
minor phase was based on a determination of thelr crystel structureés
through the use of X-ray diffraction methods.

ATIOYS

Typlcal chemlcal compositions of the 20 alloys — 16-25-6, 17W,
19-90L, Discaloy 25, 8590, N155, K-42-B, Refractaloy 26, Nimonic 80,
Inconel W, Inconel X, Inconel, Vitallium, 61, Stellite No. 6, 6059,
422-19, X-40, S816, and Hastelloy B — are shown in table I. The
alloys are divided by composition into groups: Cr-Ni-Fe base,
Cr-Ni base, Cr-Co base, Cr-Ni-Co base, and Mo-Ni base.

All the alloys possess face-centered oubic crystal structures
at room temperature with 1little difference in lattice paramsters.
Measurements showed that the lattice parameters of 12 of these
alloys (reference 2 and unpublished NACA data) range from 3.5525 to
3.5975 angstrom unlts.

The samples were taken from hot-rolled bars, except those
designated cast in teble I; samples fram these alloys were taken
from specimens In the as-cast state.

APPARATUS AND FROCEDURES

X-ray and electron diffraction and chemical and spectrographic
analyses were considered for use. Chemical and spectrographic
analyses were rejected because of the difficulty of obtalning pure
minor-phase samples necessary for these methods. Electron diffrac-
tion was also rejected because of its sensitivity to the thin
reaction films that may form on the surface of the specimen during

" any processing treatments (reference 3). X-ray diffraction was

therefore used. The preparation of samples for X-ray diffraction
examination entalled the digestion of the alloys to increase the
concentration of the minor phases.

Concentration of minor phases. - The minor phases can be con-
centrated by electrolytically digesting the alloy in a bath of a
reagent that selectively dissolves the matrix; this process deposits
& residue of high minor-phese concentration on the bottom of the
bath. If several samples of an alloy are subJected to electrolytic
attack by different reagents, each reagent dissolves the alloy
phases In varying proportions. Because the phases present are
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unknown, a number of reagents are employed in an attempt to con-
centrate each of the minor phases as a residue in at least one
reagent. By a camparison of the patterns of the several residues
so obtained, the interference lines due to each phase may be dis-
corned and ldentificabtion of the phase mede accordingly.

The followlng electrolytic digestion agents were used, each at
concentrations of 50 and 150 grams per llter of agueous solution
except for the oxalic acid reagents, in which concentrations of 50
and 100 grems per liter were employed:

1. Hydrochloric ecid, HC1

2. Nitric acid, HNOz

3. Sulphuric acid, H;S0,

4. Fhosphoric aclid, HzPO,

5. Chramic acid, H,CrO,

6. Oxalic acid, HpCp0,

7. Acetic acid, HC,HZ0,

8. Aqua regla, HNOz°HCl

9. Ferric chloride in hydrochloric acid, FeClz°HCl

10. Phosphoric-sulphuric acid, HzPO4 H2S04

11. Sodlum hydroxide, NaOH

12, Ammonium hydroxide, NH,OH
Twenty-four samples of each alloy were cub and each served as the
anode in one of the twenty-four electrolytic baths; in each bath
a carbon rod was the cathode. A thimble surrounded the cathode to
avold contemination of the residue by any deposit that might fall
from the cathode. A cwrrent of approximately 1.5 emperes was
passed through each bath for a period of 24 hours. At the com-
pletion of this digestion perlod, two specimens were collected from
each bath. One was the residue, which was filtered from the bath
and washed with distilled water, and the other was the coating that

vas scraped fram the anode. The anode coating served as & check on
the results obtalned with the residuse.

0S6
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X-ray diffraction. - Debys-Scherrer powder cemeras, S57.3,
114.6, and 143.2 millimeters in diameter were employed in obtalning
diffraction patterns of the specimens, which were ground to below
200-mesh size. The three camera dlameters were used to save time.
Cr, Fe, Co, and Cu radiations were used with filters of V,
Mn, Fe, and N1, respectively. Specimeng for the largest camera
were mounted on cotton threads impregnated with mineral oil; speci-
mens for the other cameras were mounted on thin glass rods with a
mixture of 3 parts emyl acetate to 1 part Ambrold cement as the
binder. During exposure to the X-ray beam, specimens in the largest
camera were oscillated through 20° , whereas those in the other
cameras were rotated slowly. The relative intenslties of the lines
on the developed film were estimated visually. The line spacings
were meoasured to the nearest 0.1 millimeter.

Final identification of the minor phases was based on the
patterns obtalned with the cameras of largest diameter. If lines
not previously ldentified were observed in the patterns obtained
with the smaller cameras, another diffraction pattern of that
specimen was taken with the 143.2-millimeter camera. Identifica-
tion of the minor phases was made by comparing the lnterplanar-
spacing data obtained wilth those of campounds of the alloying
elements listed In the literabure and In the A.S.T.M. card index.

EXPERIMENTAL RESULTS AND LIMITATIONS

This investlgation did not result in ldentification of all
reslidues obteined; the unidentified diffraction patterns are listed
in table ITI. The patterms of this table have been campared with
those of compounds of the alloying elements listed in the A.S.T.M.
card Index and, in some cases, close agreement has been found. How-
ever, the compounds whose patterns agree with those listed in
table IT have a large number of isomorphs and the composition of
each phase therefore cannot be established.

The residue ylelding the first pattern in table II appears to
be a mixture of two phases: The first phase ylelds a pattern most
similer to that of rhombohedral iron oxide, Fey0z; the second cam-

pares most closely with the spinel type of compound such as face-
centered cublc cobalt chromite, CoCry04. Pattern 3 1s similar to
that of rhombohedrael o-iron oxide monohydrate, a-Fes0z *Ho0
vhereas patterns 7 and 14, which are markedly similar, seem to
correspond to the pattern of PB-iron oxide monohydrate,
B-Feo,0z°H0. Pattern 4 agrees closely with that of rhombohedral
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iron titanate, FeT10z. Pattern 9 contains lines that indicate the

presence in this residue of a face-centered cublc phese with a
lattice parameter of 4.17 angstrom units, comparable with nickel
oxide, Ni0. The last pattern appears to be a combination of the
pattern of B-iron oxide monohydrate (patterns 7 and 14), end the
rhambohedral iron oxide (pattern 1).

Interplanar spacing values and intensitles of the Interference
lines of the seven minor phases found in the alloys Iinvestigated
are tabulated in table III. The symbol M used in this table
repregents any metallic atam of the alloy under consideration; that
ig, the formulas MyzCs and MgC 1indicate carblide types in which

the ratios of metal to carbon atoms ere, respectlvely, 23:6 and 6:l.
As will be shown later, this notation 1s used because of the uncer-
tainty that exists about the composition of these particular minor
phases. Table IV shows that the lattice paramsters of the minor
phases, titanium carbide and carbldes of the MyzCg and MgC types,

were found to vary in different alloys outside the 1limlts of experl-
mental accuracy. The value of the lattice parameter of each phase’
1dentified in each alloy ls listed 1n table IV.

A complete tabulation of the patterns of the residues obtalned
with each reagent for every alloy is given in table V.

The minor phases ldentified in each of the 20 hlgh-tempersature
alloys examlned are listed in table VI. The alloys are listed
according to the principal metallic elements present and are
arranged under these headings 1n accordance with thelr minor ele-
ments. The elements are listed In an order making for ease of com-
parison between alloy compositions. TIn the Cr-N1-Fe-base alloys
and in the Cr-Ni-Co-Fe-base alloys considered in this report,
molybdenum is the most commonly used minor element. In the Cr-Ni-
base alloys, titanium and aluminum or titanium and columbium are
present although copper, in one instance, is used alone. In the
Cr-Co and Cr-Ni-Co =alloys, tungsten and molybdemum are used.
The last group, represented by only one alloy, comprises Mo-Ni-
base elloys.

The i1dentificatlion of these partlculer minor phases does not
indicate the absence of any other mlinor phase but only the presence
of those identified. Minor phases may have been present in somes
alloys in such smell amounts that they were not concentrated in any
of the residues to the minimum concentration required for detection
by diffraction methods. Some minor phases presént also may have
been soluble, partially or completely, in all of the 24 electrolytes

950
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used; if so, their percentages In the residues may have been
reduced, rather than concentrated, as compared to those in the
alloy.

The possibility alweys existe that reaction products formed
during the dlgestion process may have been insoluble in the reagent
and collected with the residue. With oxallc acid, reaction products
were thus collected and, consequently, the patterns of residues of
the high-temperature alloys electrolytically digested in oxalic
acld were ldentifled as those of mixbtures of the oxalates of cobalt,
nickel, and iron.

Another factor to be consldered in the identification of minor
phases 18 that these phases should not necessarily be regarded as
true campounds possessing the exact formmlas shown. A substltu-
tional solid solution of the other elements present in the com-
pounds corresponding to these formulas may exist. For example,
cementite, which 1s usually written as FezC and which occurs in
plain carbon steel, is a well-known example of the lack of dis-
tinction that exists between a solid solution and a compound.
Small additions of carblde-forming alloying elements to carbon
steel can be accommodated, to a limited extent, by replacement of
the iron atoms of the cementite; cementite, therefore, can contain
up to about 15 percent chromium (reference 4, p. 78), the chromium
atoms occupying the positions of the iron atoms that they have dis-
placed throughout the crystal lattice. When the percentage of the
carblde-forming element is further increased, the cementlite can
accommodate no additional foreign atoms and a new carbide phase,
richer in the alloying elements, forms. Although X-ray diffrac-
tlon ylelds information on the crystal structure of the material
examined, 1t does not directly give the elements that make up the
compounds. Iscmorphs of the campounds listed as identifiled may
therefore have been present.

COMPARTISON WITH MINOR PHASES OF FOUR TYPES OF STEEL

Inasmuch as five of the seven campounds identified in the
high-temperature alloys have been previously observed in steels, a
survey of the Intermetalllic compounds observed in steels containing
the same alloying elements as the high-temperature alloys was made.

Teble VII shows the carbldes, nitrides, and intermetallic
minor phases ldentified in low- and high-alloy steels (refer-
ences 4 to 8). Of these compounds, those found also in the high-
temperature alloys Investligated are indlicated and are
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chromiwm carblde, ' CrqCz; carbides of the MpzCg end MgC 'bypes-
titanium nitride, TiN; and titanium carbide, TiC.

In a series of chromium steels of increasing chromium content,
the minor phase present changes in composition and structure from
FezC to CrqCz to CrgoszCg, end finally the brittle intermetallic

compound FeCr occurs (reference 4, p. 78).

The minor-phase types of the steels of molybdenum and of
tungsten exhiblt marked similarity, as shown in table VII. A study
of a high-speed steel contalning 17.2 percent tungsten and 0.64 per-
cent carbon showed an iron-tungsten carbide of the MgC-type,

FesWoC, +to be present and similar investigations with molybdemm
gteels Indicated that the analogous carbide, FeyMo,C, existed

(reference 5). Reference 5 indicated that the range of homogeneity
of these carbides extends at least over the range of composition
between the 1limits Fey(Mo or W),C and Fez(Mo or W)zC. Other

investigators (reference 9) have succeeded in isolating from a
molybdenum steel a carbide powder whose composition corresponds to
that of FezMozC.

Titanlum nitride was ldentiflied in Nimonic 80 and Inconel W,
columbium nitride in 19-9DL, and the nitrides of titanium and
columbium in Inconel X. These alloys nominally contain no nitrogen;
however, in a steel that presumebly contained 2.28 percent titanium,
0.05 percent carbon, and no nitrogen, Hume-Rothery and colleagues
(reference 6), using the electrolytic method employed in this inves-
tigation, identified titanium nitride in addition to titanium
carbide amnd ferrotitanide, Fe,Tl. Diffuse lnterference lines were
found in the diffraction pattern betwsen the corresponding lines of
the titanium carbide and titanium nitride, from which they inferred
that titanium carbide and titanium nitride, both face-centered
cublc structures of about the same lattice pasrameter, formed a con-
tinuous series of solld.solutions. No such diffuse lines were
noticed In the patterns obtalned from the residues of Inconel V,
en alloy In which both titanium nitride and titanlum carbide were
ldentified.

The known carbides of the MpyzCgs type and thelr lattice param-
eters are shown in the followlng table (data from reference 10):
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Isamorph Lattice parameter, a
(4)
CrozCe 10.638
(Cr,Fe)o3Cg 10.565
(Fe,Mo)2306 10.527
(Cr,Mo)3Cs ?
(Cr,W)2306 10.73

N

This type of carbide has been detected in one binary system, that
of chromium wlth carbon. The occurrence of the carbldes of the
MgC type has not been noted in any of the binary systems with

carbon. Apparently, an element such as iron, chromium, or cobalt
and & heavier element, such as tungsten or molybdemim, must be
present for the formation of carbides of the MgC type. Table VII

shows that the percentege of molybdenum snd tungsten needed for
formation of the carbide type MozCg 18 lower than that needed in

forming the MgC type.

DISCUSSION OF RESULTS

As shown in table VI, titenium nitride was observed in the
high-nickel alloys, Nimonic 80, Inconel W, and Inconel X. Colum-
bium nitride was also ldentified in the last alloy. The presence
of these nitrides in alloys that presumasbly contain no nitrogen
raiges the question of whether nitrogen was present in the nickel
or in the titanium as an Impurity. The second possibility is more
probeble when it 1s noted that Hume-Rothery (reference 6) also
detected titanilum nitride in a steel containing very little, if
any, nickel. The reaction of titanium carbide with nitrogen at
temperatures above 1500° C and its resulting decarburizeaetion
(reference 11) is an indication that titanium has more affinity
for nitrogen than for carbon. The crystal structures of titanium
nitride, titanium carbide, columbium nitride, and columbium carbide
are similar, inasmuch as all possess the face-centered cubic NaCl-
type structure with the maximum difference in lattice parameters
being in the order of 5 percent. The values of the lattice param-
eters of the titanium nitride phases listed in table IV show good
agreement with that of 4.233 angstrom units for the titanium
nitride found in titanium steel (reference 6).

e —————— e —— — —_— J—
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Columbium nitride, CbN, was detected in three alloys: N155,
an alloy containing 0.1l percent N end 1 percent Cb; Inconel X,
an alloy which has been discussed; and 19-9DL. In order to account
for the presence of columbium nitride rather than columium carbide
in these alloys, columbium must be postulated to be a stronger
nitride- than carbide-former. These experimental resulis merely

confirm that titanium and columbium react similarly with carbon and,

quite conceivably therefore, also reect similarly with nitrogen, a
nonmetal similar to carbon. In line with this reasoning, because
titanium is a stronger carbide-former than columbium (reference 4,
p. 64), titenium may also be expected to be a stronger nitride-
former than columbium. Columbium nitride, however, was identifiled
in 19-9DL and not titanium nitride, even though both titanium end
columbium were present in this alloy. Wherees aluminum usually
accompanies titanium as & minor alloyling element in the high-
temperature alloys investigated, the alloy 19-9DL contains no
aluminum (table VI). Both aluminum and titanium possess great
affinity for oxygen (reference 4, passim), an element which is
alweys present to some extent as an impurity. If the assumptions
are made that aluminum is a stronger oxide-former than titanium
and that titanium has a greater &ffinity for oxygen than for
nitrogen, the presence of columbium nitride end not of titanium
nitride in the alloy 19-90L, which contains no aluminum, can be
explained in the following memmer. Where titanium, columbium, and
aluminum are present as minor elements in an alloy, the aluminum
first combines with the oxygen present leaving titanium free to
combine with the nitrogen. If any nitrogen exists after titanium
has reacted with it, columbium nitride forms. However, where
aluminum is not present, as In the case of 19-9DL and Inconel X,
titanium cambines with the oxygen present before cambinling with
the nitrogen. If an excess of titanium exists after reacting with
the oxygen, titanium nitride forms; if no titanium remains after
reacting with the oxygen, the columbium of the alloy reacts with
the free nitrogen, forming columbium nitride. The first condition,
presumably, is representative of Inconel X and the second condl-
tion, of 19-9DL. The greater percentage by weight of titanium in
Inconel X than in 19-9DL lends credence to this theory that leads
to the conclusions that Inconel X has an excess of titanium over
that necessary to cambine with the oxygen present in this alloy
and that in 19-9DI. the excess titanium does not exist.

In all alloys contailning titanium or columbium or both, the
corresponding carbide was identified wherever the nltride phase
was not detected and in some cases in conjunction with the nitride
phase. The carbide-forming elements of the alloys examined,
listed in order of increasing tendency to form carbides, are




0se6

NACA TN No. 1580 11

chromium, molybdenum, tungsten, columbium, and titenium (refer-
ence 4, p. 64). By this listing, If only carbides are obtained as
minor phases, the presence of titanlum carblde and columbium car-
bilde in alloys contalning titanium and columbium is to be expected
before the carbides of molybdenum, tungsten, and chromium. In the
alloys S590 and S816, the percentage of columbium cerbide
present 1s large enough to be detected without concentration of the
sample (reference 2).

The carblde type MpzCg was identified in seven alloys:

174, 19-90L, Vitallium, 61, 6059, 422-19, and X-40. This type of
carbide is lower in molybdenum or tungsten content than the
MSC type. Inasmuch as titanium and columbium have greater affin-

1ty for carbon than elther molybdenum or tungsten, the presence of
carbides of molybdenum and tungsten 1s not to be expecved If
titanium and columbium are present in an amount more than that
required to combine with all the carbon present.

The carbide type MgC was identified in three alloys:

16-25-6, 8590, and Hastelloy B. In 16-25-6 and in Hastelloy B, in
which no other carbide was detected, the ratio of molybdenmum to
carbon content was higher than in the alloys containing the minor
phase Mp3Cg. In the alloys containing a high percentage of
molybdenum and tungsten relative to the carbon content, the car-
bide of the higher molybdenum and tungsten content, MgC, there-
fore seems to exist. -

Chromium carbide, Cr;Cz, was detected in the two alloys,

Inconel and Stellite No. 6. Inconel contains no carbide former
other than chramium, and Stellite No. 6 contalns a relatively high
carbon percentage (1.3 percent) with a resultant low ratio of the
molybdenum-plugs~tungsten content to the carbon content as compared
to the alloys already discussed. Inasmuch as the carbon is there-
fore not combined with the stronger carbide formers, molybdemm
and tungsten, a chromium carbide should be found in both these
alloys; the presence of CrqCz confirms this reasoning. Because
Stellite No. 6 has 27 percent chromium and 1.3 percent carbon
(table I), a large quantity of the carbide Cr,Cz probably exists

throughout this alloy and this large smount is probably capable of
dissolving the tungsten of the alloy. The relatively low tungsten
content in the carbide was indicated by the backgrounds of the
diffraction patterns obtained with cobalt and chromium radiation.
Cobalt radiation caused the resldues consisting malnly of this
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phase to fluoresce heavily, whereas excellent pat;berns were obtained
with chromium rediation. If the carbide of the type Cr,Csz had

contained any considerable quantity of tungsten, heavy fluorescence
would have also occurred with chromium radiation.

The presence of the minor phases identifled in the varlous
alloys is roughly correlated with the ratlo of the content of
carbide-forming elements to the carbon content of the alloy
in table VITI. Titanlum and columbium, the strongest carbide
formers, are here assumed o combine with carbon in the ratio of
one atom of metel to one atom of carbon. Any carbon that remains
after these two elements have combined with it is free to combine
with tungsten and molybdemum. The first column lists the ratio of
atomic percentage of titanium to the atomlc percentage of carbon.
The second column lists the ratio of atamic percentage of columbium
to the atomlc percentage of carbon. If the sum of these two ratios
were 1, if perfect distributlon and mixing took place, and if only
carbides were obtained as minor phases, all the carbon would combine
with titanium end columbium, leaving no excess of carbon or of the
metallic element. . If this sum Were more than 1, an excess of
metallic element would be present; if less, an excess of carbon
would be present that could be distributed to the molybdenum and
tungsten atoms of the alloy.- The third colum is the ratio of the
atomic percentage of molybdemum plus tungsten to the atamic per-
centage of the "free" carbon, that is, the carbon remaining for com-
bination with the molybdenum and tungsten.

Table VIIT shows that whenever titanium or columbium is
present in an alloy, at least one of the minor phases detected is
a nitride or carbide of either element regardless of the per-
centages of tungsten, molybdenum, or chramium that may exist in
the alloy. This observation substantiates the conclusion that
both columbium and titanium have great affinity for carbon and
nitrogen. When the ratio of the atomic percentage of titemium to
the atanic percentage of cerbon is 12.5 in the high-nickel alloys,
Inconsl X, Inconel W, and Nimonic 80, titanium nitride is present.
As the sum of the ratios of the first two columms decreases, car-
bides other than those of titanium or columbltm make thelr appear-
ance. When the ratio of the atomic percentage of columblum to the
atomlic percentage of carbon is 1.3, faint lines appearing on the
patterns obtalned fram the residue of S590 were ldentifled as
those of the carbide of the higher molybdenum and tungsten ocon-
tent, MgC. This carbide, however, was not ldentified in 8816,

an alloy camparable to 'S590, which indicates that thls carbide
probaebly would be absent or would be present in quantities too

950



056

NACA TN No. 1580 ‘ 13

small for detection by X-ray diffraction if a more thorough mixing
took place. Vhen the sum of the ratios of the first two columns is

further decreased to 0.5 and more carbon thereby ls released to the

molybdenum and tungsten atoms, the carbide of the lower molybdenum
and tungsten content, MyzCg, is found. When no titanium or colum-

bium exists, the carblde Cr,Cz; 1s present in the two alloys

Inconel and Stelllte No, 6, which contain small percentages rela-
tive to the carbon content of molybdenum and tungsten and a chro-
mium content in the order of 20 percent. As the ratlio-of the
atomic percentage of molybdenum and tungsten to the atomic per-
centage of carbon increases with no titanium or columbium present,
the carblde containing the molybdenum and tungsten atoms changes
from MyzCg to MgC. The finding of MyzCg 1n the alloy 19-9IL

when the ratlo of atomic percentage of molybdenum end tungsten to
the atomic percentage of carbon available for combination is 1.3
(table VIII) as well as the detection of MgC in the alloy S590

when this ratio 1s theoretically Infinite tends to confirm the
conclusion that MZSCG appears when this ratlo ls low and that

MgC appears when this ratio is high.

Because complex cerbides are present in the alloys examined,
the alloyling elements are not independent of each other. This
concept agrees with the findings in reference 12, which states
that the strong carblide-forming elements, when simultaneously
present in steel, have an interaction that serves to decrease
their individual effects on hardenability.

SUMMARY OF RESULTS

An X-ray diffraction investigation of the minor phases of
20 high-temperature alloys resulted in the ldentificatlon of seven
minor phases, columblum carblde, columblum nitride, titanium car-
bide, titanium nitride, chromium carbide (Cr,Cz), and carbides

of the Mp3Cg and MgC types (vhere M 1s any metallic atom),

Columbium carbide was ldentifiled in each alloy containing colum-
bium with the exception of 19-9DL, N155, and Inconel X, in
which columbium nitride was found. Titanium carbide was 1den-
tifled in each alloy contalning titaniwm, with the exceptlon of
Nimonic 80 and Inconel X, in which titanium nitride was detected,
and the further exception of 19-9DL.

In this investigation, the following relations of alloy com-
position to the formation of minor phases were found:
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1. When the ratio of the atomic percentage of titanium to that
of carbon is 12.5 in the nickel-base alloys, titanium nitride :'Ls
found.

2. Colwmbium and titanium are effective nitride and carbide
formers.

3. When titenium is not present in these alloys, in order for
columbium alone to cambine with all the carbon of an alloy, it must
exist in & quantity appreciably ebove that theoretically required.

4, In the high-temperature alloys contalning & quantity of
chromium in the order of 20 percent with small percentages, rela-
tive to the carbon content, of other stronger carbide-forming
elements, the carbide Cr4Cz 1s found.

5. With an increase in the ratio of the atomic percentage of
molybdenum and tungsten to the atomlc percentage of carbon avail-
able to these elemsnts for combination, the carbide containing the
molybdenum and tungsten atoms tends to change from MzzCg to MgC.

Flight Propulsion Research Laboratory,
KNational Advisory Committee for Aeronautics ’

Cleveland, Ohio, March 24, 1948.
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TABLE I - TYPICAL COMPOSITIONS OF 20 HIGH-TEMPERATURE AILOYS

Alloy Chemical composition
(psrcent)
C Cr Ni [ Co|] Mo| W {Cb |T1 Fe | Other
Cr-Ni-Fe base
16-25-6 0.15}16 a5 --1 6 == | «== | ---| 51 |N 0.18
i .5 113 19 -1 2.5 | === | --~| 60
19-9DL 3 |19 9 ~-11.211.2 {0.4 |0.,3]:67
Discaloy 25 .05 |13 25 -3 ——= |=-~-]1.8| 55 |A1 .2
Cr-Ni-Co-Fe base
5590 0.4 20 20 201 4 4 4 -—- | 25
N155 . 3 20 20 2013 2 1 -——-| 32 ¥ 0.11
K-42-B 05|18 42 22 | m==| === |-==|2.,2] 14 (A1 .2
Refract-
aloy 26 1 .051]18 37 2013 - |~~-~-12.8(18 |A1l .2
Cr-N1 base
Nimonic 80 [0.05]|21 75 | v} = o= [2,5] 0.7 | AL 0.8
Inconel W .05 |14 75 = | === | === | === |2.,5]| 6 Cu .1
_ Al .6
Inconel X .05 |15 73 | eme | ~=- |1 2.517
Inconel .05 |14 78 el B B I B B { Cu .2
Cr-Co base
Vitallium® |0.2 |28 2.5 | 62 | 5.5 | === [me= | === 1
612 4 |28 1 67 |---1|5 ——— -1
Stellige
No. 6 1.3 |27 - 65 | === | 4 coe | == | -=~ |81 2.7
Cr-Ni-Co base
60592 0.4 |26 33 33 |5 = i
422-198 4 |26 15 | 51|86 QSRR [N [P I |
X-40% .5 |25 10 55 | -=- |7 e |=-==] .8
5816 4 20 20 4 | 4 4 4 -——-13
Mo-Ni base
Hastelloy B |0.12 | 0.27 |64 ~~ 1289 | === === |~== |5

aCast; all other samples were taken from hot-rolled bars.
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TABLE IT - X~RAY DIFFRACTION PATTERNS CF UNIDENTIFIED RESTDUES

OBTATIRED BY ELECTROLYTIC DIGESTION

OF 20 HIGH-TEMPERATURE ALLOYS

[A11 reagents per liter of solution; Fe-filtered Co radiation
employed for all patterns; d, observed interplanar spacing, A;
I, estimated relative Intensity of a diffraction line; vs, very
strong; s, strong; ms, medium strong; m, medium; mw, medium
weak; w, weak; vw, very weak; £, faint; di, diffuse]

d I d I d I
Pattern 1; alloy, 1.351 hid 2.14 ms
16-25-6; reagent, 1.327 big 2.09 m
150 g HCoHzO0o 1.311 w 1.94 mw

1.276 W 1.83 kg
5.14 W 1,261 v 1.75 N
4,83 W 1.191 W 1.72 W
4.28 £ 1.162 W 1.71 W
3.68 mw 1.140 W 1.69 W
3.31 W 1.120 W 1.64 m
3,08 kg 1.102 - W 1l.61 w
2.96 |, m 1.088 w 1.56 kig
2.87 £ 1.058 2’4 1.51 ms
2.78 W .987 £ 1.48 m
2.70 8 1l.44 mw
2.52 vs8 Pattern 2; alloy, ||1.376 | w
2.41 £ 17 W; reagent, 1.306 | £
2.21 mw 150 g HxCxO4 1.292 | w
2.16 W 1.278 | £
2.09 m 7.32 ms 1.237 | ww
2.03 £ 6.08 W 1,141} £
1.84 oW 5.20 my 1.090 | ww
1.80 W 4.16 W 1.071 | ww
1.70 m 3.31 8 1.046 | £
1.66 f 2,94 mw 1.019 | ww
1l.64 £ 2.68 mw .984 | ww
1.61 m 2.61 v 975 | T
1.52 - hig 2.52 v8 967 | wvw
1.48 ms 2.46 m .958 |- vw
1.45 m 2.34 hig .938 | £
1.366 g 2.28 m

é
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TABLE II - X-RAY DIFFRACTION PATTERNS OF UNIDENTIFIED RESIDUES
- OBTAINED BY ELECTROLYTIC DIGESTION
OF 20 HIGH~-TEMFERATURE ALIOYS - dontinued.

- a | I d I a I
Pattern 3; alloy, 1,247 £, a1 Pattern 7; alloy,
17W; reagent, . 1.149 r, d1 Refractaloy 26;
S0 g HC,HZ0, 1.126 £, di reagent,

1.107 £, & 150 g NH40H
4,95 W 1.08 | £, dd
4,16 vs 1.043 £, dai 7.24 8
3.35 W .946 r, dai 5.18 ow
2,95 W .938 £, di 4.16 f
2,67 m 3.27 8
2,57 w Pattern 5; alloy, 2,60 W
2.50 v N155; reagent, 2.53 8
2.44 s 150 g NH40H 2.43 W
2.24 mw 2.28 w
2.18 mw 5.97 W 1.94 W
1.91 hig 5.35 W l.64 ow
1.78 W 4,31 w 1,51 W
L.71 ns 4.16 f 1l.44 v
1.59 f 3.89 hif 1.375 W
1.56 m 2,69 8
1.50 m 2.52 8 Pattern 8; alloy,
1.45 v 2.46 W Nimonic 80; reagent,
l.41. | ww 2.26 £ S0 g HC1
> 1,313 | vw, di 2.21 W
l.258 | T 2.08 bl 4.78 8
1.238 | £ 2.03 vs 4.66 W
1,120 | wvw, di 1.98 £ 4.35 8
1,040 | £ 1.92 hid 2.95 w
975 | £ 1.84 W 2.86 v
945 | £ 1.80 W 2.71 W
1.77 g 2.61 £
Pattern 4; alloy, 1.71 t 2.55 £
Discaloy 25; 1.69 w 2.48 m
reagent, 1.56 g 2.42 v
150 g HNOz 1,51 hid 2.36 P
1.48 W 2.14 8
4,00 f 1.45 £ 2.10 W
3.60 v 1.433 w 2.06 ow
2,93 W 1.171 nw 1.96 W
2.67 8 1.010 £ 1.93 w
2.48 vs 1.85 W
2.16 mw Pattern 6; alloy, 1.52 v
1.82 W K-42-B; reagent, 1.50 w
1.67 8 150 g NH4OH 1.48 W
1.52 vw, di 1.294 £
1.47 w, di 7.63 va 1.261 w
1,433 | m 2.61 8
1.299 | w 1.53 m
. 1,314 AL

19
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TABLE IT - X-RAY DIFFRACTION PATTERNS OF UNIDENTIFIED RESTDUES

OBTAINED BY ELECTROLYTIC DIGESTION

OF 20 HIGH-TEMPERATURE ALLOYS - Conbtimued

d I d I a I
Pattern 9; alloy, Pattern 10; elloy, 1.280 v
Nimonic 80; reagent, | (Nimonic 80; reagent, 1.256 W, di
150 g HNOg 50 g NaOH 1.231 - w

1.189 W
5.86 W 2.95 nw 1.172 £
5.27 W 2.76 v 1.083 vw, di
4.20 w 2.6% v8 1.068 £, d1
2.66 ms, di 2.35 W 1.038 vw, di
2.44 £ 2.17 W
2.37 ms, di 2.01 £ Pattern 12; alloy,
2.29 mw, di 1.71 v 422-19; reagent,
2.06 s, 4l 1l.64 T VW 150 g NH,OH -
2.02 W 1.55 8
1.89 £ 1.48 . vw, di 4.63 m
1.75 W 1.339 v 3.03 4
1.66 v 1.293 £, di 2.70- w
1.59 hig 1.018 £, di 2.60 t
1.54 y - .991 £, a1 2.35 mw
1.46 -m, 41 : 2.24 m
1.374 g "Pattern 11; alloy, 2.18 m
1.283 w Vitellium; reagent, 2.11 w
1.249 w, di 150 g HNOz . 2.03 8
1.197 W 1.91 8
1.160 g 2.62 vw, di 1.76 8
1.135 i 2.36 Covw, dl 1.56 W .
1.097 g 2.14 vs 1.48 W
1.070 g 2.08 m, di 1.374 W
1.063 hig 2.03 mw, di 1.246 ms, di
1.053 g 1.98 W ’ 1.172 vw, di
1.036 T 1.93 w, di 1.145 v, di

.954 vw, di 1.84 hig l1.081 £, a1

.929 vw, di 1.80 m, di 1.062 ms, di

.912 g 1.71 W 1.045 vw, d1

1.016 w, di

1580
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TABLE II - X-RAY DIFFRACTION PATTERNS OF UNIDENTIFIED RESIDUES

OBTAINED BY ELECTROIYTIC DIGESTION

OF 20 HIGH-TEMPERATURE ALIOYS - Concluded

d I a I a I
Pattern 13; alloy, l.62 £ Pattern 15; alloy,
X-40; reagent, 1.56 hig [ Hastelloy B;

50 g :50211302 1.50 W reagent,
- l.44 W 150 g H3P04'H2804
6.75 m 1.39 g
6.00 w 1,285 £ 7.45 8
5.40 8 1.256 T 6.32 mww
4,91 hig 1.169 £ 5.27 m
4,44 g 1.135 his 4,20 W
4,12 hid 1.085 g 3.66 W
3.74 W 1,087 f 3,32 Vs
3.57 w 1.052 £ 3.11 £
3.38 ms 1,042 hig 2,94 W
3.24 ms 2,67 m
3.18 ms Pattern 14; alloy, 2.54 ms
2,94 ms Hastelloy B; 2.50 ms
2.88 W reagent, 2.46 w
2,74 g 50 g HCoHz0, 2.35 W
2.55 m 2.29 m
2.48 ™ 7.4 ns 2.19 W.
2.41 mw 5.27 mw 2.06 ms
2,34 mw 4,63 W 1.94 v
2.25 m 3.32 v8 1.83 ™
2.16 my 2,66 m, di 1.79 W
2.05 m 2.54 8 1,76 ki
1.95 W 2.28 ms 1.74 kg
1.93 kg 1.95 W 1.68 W
1.88 W 1.75 g 1.64 v
1.85 ™ 1.64 m 1,59 W
1.79 L 1.55 v, 41 -1.51 W
1.74 W 1.44 W 1.47 4
1.71 W 1.38 by l.44 W
1.66 W 1.37 W
1.303 g
1.267 W
1.200 T
1,085 g
1.081 W

21
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[Fa-filtered Co radiation employed for ell of patterns except for CryCz (V-filtered Cr radia-
tion); M, any metallic atam of alloy being considered; d, observed interplanar spacing, A;
I, estlmated relative intemsity of diffractiom line; vs, very strong; s, sirong;
mg, medium strong; m, medlum; mw, medium week; w, weak; VW, very weak)

d I 4 I d I 4 I d I d I a I
Cb0 (in 8580)| |CbN (in N155) | |T10 (in K-42-B)||TiN (in OrqCz (in |[MozCg type ||MgO type (in
Inoonel W) ||Inconsl) ||(in 17W) Hastelloy B)
2.54 o 2,52 v8 2447 B 241 | 2.27 | m8 [|2.37 8 ||2.89 n
2.21 g 2.18 B 2eld V8 2,09 | ve 1[2.09 | &8 ]]2,16 8 ||2.47 m
1.58 my 1.55 ne 1.51 m 1l.48 | &8 2.068 | w 112.03 e 112,20 8
10353 mBs 1.522 me 1.2941 mw 11264 m 2.03 a8 1..87 158 2:08 va
1.277 | mw 1.267 | mw 1.238 | ¥ l.212| m 1,83 | mw ||L.79 oy |{1.92 m
1,108 | w 1,098 | w 1,073 | ww 1.05L| w 1.80 | m |[L.76 w []1.80 v
1.018| m 1,008 | m .985 | ww «987| m 1,77 | w [|1L.88 W ||l.52 v
991 | m .983 | n 963 | ww 944 8 1,74 | m [|)1.62 v ||1,410 iy g
.906 | ms 898 | n . 1.80 | wvw [|1.60 ow | 1,324 o
l.44 | w [|L.48 w | |1.30% W
1.338| mw ||1.,414 ] w ||L.277 ms
1.260| v ||1.326] w ||L.25L1 nw
1,211 w {|1.285] mw ||1.091 m
1,202| v8 ||1.249 | ms |[1.064 mw
1.182| va ||1.226] m |[1.050 mv |
1.1l70] vs ||1,183 | w 978 ™
1.167| wva ||1.085| mw || .961 W
L1.035 | vw (| .950 W
984 | W 352 ms
.968 | w +906 m3
956 | ww
«926 | mw
908 | w
W

*ON M VOVM
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TABLE IV - LATTICE PARAMETERS OF MINOR PHASES FOURD IN
20 HIGH-TEMPERATURE ALLOYS
[M, any metallic atom of -alloy being considered)
Alloy Lattice parameters
(a)
8 a 8 a a c a -
Che CbN TicC TiN Cr.,Cx MpzCql MgC
1l6-25-6 10.97
17 , 10.60
19-9001L, 4,396 10.63
Dlscaloy 25 4,310
38590 4,435 10.98
N155 4,401 -
K-42-B 4,305
Refractaloy 26 4,306
Nimonic 80 4,229
Inconel W 4,323 | 4,233
Inconsl X 4,402 4,229
Inconel 13,991 4.523
Vitallium 10.65
61 10.64
Stellite No. 6 14.03 | 4,524
6059 10,65
422-19 10.65
X-40 10.62
3816 4,436
Hestelloy B 10.87
Limits of
accuracy +0,008|+0,008{+0,008 (40,008 |+0.03 }+0,008|+0,02|+0,02
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TARLE V - RESTDUES OBTAINED BY RLECTROLYTIO
IN TWELVE REAGENTS OF
[M, any motal¥lic atom.of

Reagent
Electro-| Concen- 16-25-6 1w 19-9I1, | Discaloy] 8590 N155 | K~42-B|Refract< Nimonioc
1yte tration 25 aloy 26 | 80
(a/1iter)
ECL 50 MgC MpsCg | M23Ce TiC CbO+MgC | CblY TiC Alloy | °pat. 8
150 | MgC Mp3Cg | Mp3Ce+CbN| TiC CBe cvy TIC T1C TiN
HNOg 50 |[Alloy |&Pat. 14|A1l0y |Alley | cCBC CbN “Pat. 1|Alloy |TiN .
150 | Aoy at, 14| CbN 8Pat, 4 | CbC CON Aoy |Alloy |Z2FPat, 9
Hp804 50 Alloy | Alloy [Alloy 8pat, 4 [ CbO ChN Aoy [Alloy |Alloy
150 Alloy MpzCg | CLN 8pat, 4 | CBO CbN Alloy [T4C TN
HzP0, 50 Moy Mloy |Alloy 8pat, 4 | CbC cey ®pat, 1|Alloy |TiN
and 14
150 Aoy %pat, 14|Alloy . |°Pat, 4 |CBO coy 8Pat. 1[Alloy |TIN
E,Cr0, 50 Alloy | Alloy |“Pat. 1 |°Pat. 4 | CbC#lgC | CON at. 1[Alloy |Alloy
150 Alloy | ®Pat. 2 |["Pat. 1 [Alloy [ChC chy Alloy |[Alloy |TiN
BpCp0y 50 Aoy Oxalate |Oxelste |Oxalate |CbC+ ChN+ Oxalate|Oxalate |Oxalate
Oxalatel Oxalate
100 Oxelate | Oxalate |Oxalate |Oxmlate |CbC+ Oxalate |Oxalate|Oxalate |Oxalate
Oxalat
HC2E30q 50 Aloy 8pat, '3 |®Pat. 1 |[%Pat. 1 |CbC Chlf+ Alloy |Alloy |Alloy
Spat, 1
150 8Pat, 1 | %Pat, 1 |®%Pat. 1 |%Pat. 1 |CBC Chbli+ 8pat, 1]%Pat. 1 [TIN
Spat, 1
HNOz *ECL 50 Alloy Moy  [¥p3C4+0bN|ATlay | COBC CbN Aloy |Aloy [Alioy
150 | HgC+ Mioy |Diffuss |Alloy |CBC CBR Aioy [ALloy |IiN
SPat, 14 pat,
FeClz® 50 Mg Alloy |[Alloy  |°Pat. 1 |CbC#4gC [Allay |Alloy |TC 2pat, 8
HOL 150 [ Alloy  |Mz3Cq+CbN|TiC+ coe Col TiC T1C TiN
Pat, 1
HzP0,° 50 |Alloy |Alloy |Alloy |Alloy |[CBC Alloy |%Pat. 1|Alloy |Alloy
E,80, 150 |MgC MpzCg  |CDN ‘Pat, 4 |CbC (5 Aoy [alloy [TiN
NaOE 50 Aoy Aloy |Diffuse [Alloy |CBC CbN Alloy |Alloy Pat. 10
pab,.
150 Diffuse |Diffuse |Diffuse [2Pat. 1 |CbC Diffuse |Alloy [Adlloy Aloy
__pat. pat. pat. pat,
WHE,0H 50 |Alloy |Alloy |Diffuse |“Pat. 1 |ObC Alloy |Alloy |®Pat. 1 [TiN
pat. —_—
150 Aoy |Alloy |Diffuse |BPat, 1 |CbO 8Pat. 5 |8Pat. 6|8Pat. 7 |Alloy
pat.

8300 table II. ) W
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DIGESTION (F 20 HIGH-TEMPERATURE ALLOYS
TWO CONCENTRATIONRS EACH
alloy being considered]

25

Resldue
Alloy .
Inconel| Inoonel| Inoons Vitallium 61 | Stellite 6059 |422-19 | X-40 | 8816 | Hastelloy]
w X Ho. 6 B
TANHTIC) TIN4ODN OrpC3 | Mp3Cp  |MpxCg | 0705 | MpsCp |Mps0g | MasCq [OBC | MC
TANTLC Tﬂm"# CrqCs | Mp3Cs  [MpsOp | 07905 | MpsCe | Mp3Ce | MasCg |CDO MgC
Alloy |Mlloy |Alloy [M,e0c  |MpzCe | Alloy [Alloy |alloy | MpsCy [CBC Alloy
Alloy |Alloy |Allay |®Pab. 11 |Alloy |Alloy |MpsCg |MesCg | Mp3Cg  |CDC Alloy
Alloy [Alloy [Cr,Cx [Mpm0; [MpxCs | Cr7C3 | MpsCg | MpsCs | MpsCg  |CBC Alloy
Alloy |Alloy [CGryCs |ZPat. 11 |Alloy |Alloy |Alloy |MesCs | MosCp  |CBC Alloy
Alloy |Alloy |Or;Cx |MpsOg |Alloy |Alloy |MpsCg |MpxOg | MpsCg [OBC Alloy
Alloy |Alloy |Or;Cs "‘gg:f |20 |10 |Mesls |MaCe | MasCs (OWC Aoy
Aloy |Alloy |CriCs |Alloy | |MasCe | CriCs | Alloy |Mesle MpsCs  |OBC 8pat, 14
Alloy |TIN  |Alloy |Alloy  |MpzCg |Alloy |MgzCg |MpsCq  |MpsCg  |OOC BPat. 14
Oxalate|Oxalate| Oxalate| Oxalate [MysCq+ |[Alloy | Oxalate|MpsCo+ |MpzCgt [CbC+ | Oxalate
@JA&J Oxalatel Oralatel Oxalsata
Oxalate| Oxalate| Oxalate| Oxalate |Oxalate | Oxalate | Oxalate| Oxalete |MpzCgt |CBCH+ Oxalate
Oxalate
Alloy |Alloy |Alloy |Alloy Alloy CryCx MpzCg [M2zCs 8pat. 13[CbHC &pat, 14
TIN  |Alloy |Alloy [Mpz0g  |Mz3Cs | CX703  |MasCe |M230s  |Alloy  [OBC Aoy
TI [alloy [Gri05 [MpsCq - [MzCs |DEffuse [MpsCg [Alloy [MpCq [Cbe Alloy
TIH Alloy [Alloy [MzsCg M2sCg ﬁf{me Mzsce MazCg MozCg  [CBC Diffuse
pat, pat.
TIMTIC|TIH  |OryCz |MpzCg  |MpaCg | OmyCs  |MpzCg |MpsCg | Alloy  [cbC Alloy
TIN  |TAN+CON|Crv03 |MpsCg  |MasCg | CriCs  |MpsCg |MpzCg  |MazCg  [CBC MgC
Alloy [Alloy [CryC3 |MpsCg  [MpsCq  |C7C3  [MpsCe |Alloy  |MeC. [OBC Alloy
Alloy |Alloy |Cr,Cs |2Pat, 14 |MpzOg |CryC3  |MpzCg |MpzOp  |MasCe  [OBC £, 15
Alloy |[Alloy |Diffuse|Alloy |Alloy Alloy Mp3Cg |Alloy Alloy [ChC BPat, 11
pat.
Alloy ﬁwe piitfuse Alloy  [M23Cg |CryCz  |Alloy |MpzCg  |MpzCg  (ODC Dﬁ“ﬂe
‘Alloy [Alloy |Cr4Cs Ma23Cq MzsCG Cx,Cx MozCg  [Alloy D:!fiuso CbC Dif‘iu.se
p& - P& °
Aloy [Alloy |Alloy |Alloy  [MpsCg |Cr7C3  |MzsCg . 12|Diffuse Diffuse
pat. pat.
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TABLE VI - MINOR PHASES IDENTIFIED IN 20 HIGH-TEMPERATURE ALLOYS

[, any metallic atom]

Alloy Principal Minor elements Minor phases
elements -

17W Mo, W, C M23Cs
19-911, Mo, W, Cb, T1, C CblN, M23Cg
Discaloy 25 Mo, T1, Al, C Tic
§155 Mo, W, Cb, N, C CbN
K~42-B Ti, A1, C TicC
Refractaloy 26 Mo, Ti, Al, C TiC
Nimonlc 80 Cr, N1 . Ti, Al, Fe, C TiN
Inconel W Ti, Al, Fe, Cu, C TiN, TiC
Inconel X Ti, Cb, Fe, C TiN, CbN
Inconel Cu, Fe, C Cr4Cz
Vitallium Cr, Co Mo, Fe, C Mp3Cg
61 W, Fe, Ni, C MZSCG
Stelllte No, 6 W, 8i, C 0r703
6059 Cr, N1, Co Mo, Fe, C Mp=Cq
422-19 Mo, Fe, C MyzCq
X-40 W, Fo, C MZSCB
S816 Mo, W, Cb, Fe, C CbC
Hastelloy B Mo, Wi Cr, Fe, C MgC

950
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TABLE VIT -~ MINOR PHASES OBSERVED IN FOUR TYPES OF STEEL

Increas-~

ing con-
tent of

alloying

element

. ®Minor phases found in high-temperature alloys

[Date from references 5 (pp. 78-81) to §]

Cr steel Mo steel W stesl Ti steel
Fesc Fesc Fesc FezC
8Cr Gz | B(Fo,Mo)azCg| 2(Fe,W)y2C, | 21N, TiN-TiC, PiC
B0rpsCg | B(Fe,M0)gC | #(Fe,W)gC
Fe7Mos Fe7W6
examined.
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TABLE VIIT - COMPARISON COF CONTENT OF CARBIDE-FORMING ELEMENTS

WITH MINOR PHASES IDENTIFIED

[M, eny metallic atom of alloy being considersd| |,

Alloy Number of |Numbexr of Number of Minox
T1i atoms 1 Cb atoms (W+Mo) atoms| phase ,
per C atom™ |per C atom® | pexr C atom lden-~

avallable to] +tifiled
W and Mo®

Inconel X 12.5 286 | emmcccemnaa- TiN, CbN

Refractaloy 26 14,0 |ececccecw—- © TiC

Inconel W 12,5 |=memmmcccee | mccmmeeeaea TiN, TiC

Nimonic 80 12,5  |~emccmccmce | cocccccaa——a TiW

K-42-B 11,0 |===-== m————em————— TiC

Discaloy 25 9.0 |emmcmcneeea @ TiC

5816 0000 | emmeeeeceaa 1.3 ® CbC

8590 2 | eememmcene- 1.3 © CvC, MgC

19-9DL .3 02 103 C-bN’ M23C6

N155 ----------- 04 300 C-blq

Inconel + | e=cccecmccclseccmcccene | cecancan———— Cr,Cs

Stelllite NO, 6 | ~we—mmcccan [memmemaneea .2 Cr7Cz

NI4T e r LY ELEE e R S .6 Mp=Cq

61 --------------------- 08 M2306

X-40 = | memeccacoceleccacameacoa- .9 MpzCg

6059 = | ececmcccmce|emeccecaaaa 1.5 M23zCg i

422-19 2 | emmecccscec|eccemcnaaaa 1.9 M52Cg

Vitallium | —-emcmmmeec fommmmee e 3.4 Mp3Cg

16-25-6 | =m==-- wm—ae (m——— —————— - 5.0 MgC

Hagtelloy B | emremcccccc jaanaa- e 30.3 MgC

Latomic percentage of T1

Atomic percentage of C

2ptomic percentage of Cb

Atomic percentage of C

5 Atomic percentage of (Mo+W)

Atomic percentage of C - atomic percentage of (T1+Cb)
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