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Firgt Interim Revort
Contractor: Bensselaer Polytectnie Ingtitute
Agency: Office, Chief of Ordnence, OGRDTR=Cannon
Ordnance Digtrict: Rochester
. Contract Number: DA-30-115-O0RD-324
¥.A.L. Flle Number: WAL 340/33-19
0.0. Project Number: TBL-161B
Title of Project: Chromium-Nitrogen and Chromium-
Oxvgen Equilibrium Syetems

Ohjoct:
To study the behaviour of vure chromium metal when

heated in atmospheres of oxygen and nitrogen and to obtain
data to vlot a constitution dlagram for the chromium-oxygen

and chromium-nitrogen system.

Summary:

Avparatus for the preparastion of Cr-0 ailoys
below the dissociation vressure of Crp03 has been imoroved
to the point where a range of comvositions can be produced
in the single vhase o -Cr region of the diagram. A vacuum-
fusion analysis system ig now being used successfully to
snalyze these alioys for oxygen. To date sufficlient results
have been obtalned at 1725°F to tentatively fix the
aolubllity 1imit of oxyzen at this temverature at 0,45 to

0.9 wt, #. Further exveriments with high oxyeen containing
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atmospheres indicate thst only the oxide Crp03 1s formed.
Attemota to exverimentally establigh the dleroclatlion vressure
ve. temverasture curve for Crp03 by means of "bracketting®

the tempersture at verious vartisl oressures in the dilssocla-
tion range vroved tn be time consuming snd insensitive.
However resulte indicste that calculsted curveg published

by Lustman are too low.

For the Cr-N ayatem, both armonia-helium atmoe-
vheres and nitrogen-helium atmoaenheres are being used in
conjunction with the micro-¥iehdshl method of anslysie tn
vroduce imotherms. Two of these at 1652°F (500°C) are
aufficiently comolete to give information about the con-
atitution diagram. With the NH3 stmoavheres high nitroeen
contalnine alioys are obtained which eatablish the boundsry
of the CroN phage at avproximately 11% nitrogen by welght
2t this temperature, which is in X=~ping with the Stoichio-
metric ratio. “'ith the nitrogen atmospheres lovw nitrogen
alloys are obtrined. Data nresented for this igothernm are
incufficient to definitely ertablish a voint on the diegram.
A high temversture furnasce haas been constructed ensbling
studiea tno be made up to 3000°F.

Coincident with the ianthrrm studies the effect of
time of treatment on spvurnach to egullibrium wss atudied.

Theae reaultae indicate that vractical ecullibrium can be

soorosch-d by avorooriate trestment.




Some hardneas surveys of nitrided solid svecimens
are vresented to indicate the relative properties of the
nitride vhases.

Studles of welght changes during nitriding indicate
that this method 1s insengitive as a means of locating phase

boundsries.

Conclusions:
1. Chromium dissolves sporoximately onc half of
one percent of oxygen by weight at a temverature
of 1725°F. (9u0oC),
2. The oxide Cr203 ie the only intermediate vhase

0

P
(X7
s,

7

2

on the chromium-oxygen constitution diagram.

"

3. The CroN phase exhiblts low =solubility for
nitrogen around the stolchiometric ratio.

4. The dimsociation vressures of the CrN vhase
and CroN ohases at 900°C avoear to be close
to each other.

5. Armonia atmoevheres vroduce high nitroeen
content in chromium whereas molecular nitrogen

. atmorvheres vroduce low nitrogen content.

6. The gtructur> and dimensions of the CroN vhase
are very simlilar to those of so-called
haxagonel chromium as revort~d in the literature.

7. Nitriding solid chromium specimens rroduces a

very hard and corrosglon registant case.

Authora:

John N. Rarmcey, Henry Hahn and Arthur A. Burr.
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SCOPE OF REPORT

This report covers work done under Contract Yo.
DA-30-115-0RD-32l between the dates Julv 1, 1952 and
December 31, 1952, This is a contlnuatlion of work begun
under Contract No. DA-30-115~ORD-116.

. As there is 1ittle correletion between the be-
haviour of chromium in the two different atmospheres, the
procedure of previous revorts has been followed in dlividing
the main portlon of the revort into two acctions as follows?

Part A: The Chromium-Oxygen Syastem

Part B: The Chromium-Nitrogen System

INTRODUCTION

.

Preliminary work on this oroblem, which included a
survey of litersture, construction of gvvaratus and
establishment of techniques wag carried out under the vrevious
contract referred to above and i1g deacribed in the final
revort on this contract under W.A.L. File No. 3%40-33-12.
For convenience in introducing to the work in this revort,
brief reference will he made to thls material.

Ar vreviously indicated, nne of the most generally
used methods for the determination of metsl gas equilibria
1¢ the "isotherm method®. Since the work dsacribed below
mekes extensive use of this method, 1t will be briefly

reviewed. For vurvoses of 1llustration, the chromium-~oxyzen
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ayatem will be used, although the chromium-nitroeen system
would serve equally well.

Thias procedure can best be 1Z.tlust1;ated by a diagrsm
aa in Figure 1, Several equilibrium alloys, formed at a
temperature '1‘1. but at various vartial preesuree of oxygen
leas than that neceasary to form cr203 would, if analyzed
for dissolved oxygen, give data which could be plotted as
partial pressure oxygen in the gae va. wgt. # oxygen B
dissolved in the chromium. The intersectlon of this curve,
which would have to be alightly extravolated, and the vpartial
preasure of oxygen necessary to form cr203 at Ty would give
a voint on the solvug curve. Other lines on the equillbrium
dlagram, 1f they exist, can be located in a simllsr manner.
The detalla of using this procedure for ~ach of the two gas
gvatems involved will be described in the svvropriste

section of the revort below,

Part A

The Chromium-Oxvgen Syatem

Introduction: )

Briefly, the factes from orevinus work on this
ayetem whiéh became the etarting voint for this revort are
outlined beiow.

A literatur= surv:y established that Crp03 was

the only oxide to be exnected at temperatures grrater than




1000°F. This wag verified using vure oxygen for temperatures
ranging from 1500-2200°F (820-1210°C} for 18 houre.

A transformation of chromium from Body Centered
Cuble to o Hexagonsl Cloge Packed structure was found to
svvear vhen pure chromium wag heated in a hydrogen atmosvhere
at temverstures greater than 1800°F for long periods. Thisg
led to the decislon to utilize oxygsn from the disrsociation
of water vavor in an inert gag such as helium instead of
using hydrogen atmospheres.

The vartlal pressure of oxygen at various temvera-
tures due to the dissoclation of part of the water vavor in
helium of varioug dew vointa wag calculated, and comvared
with the conflicting dissoclation vressure curves of Crp0q
vs. temperature from the literature. These calculations
shnwed that gas of dew pnint better than -60°F to -10°F
would be required to maintain oxide free ciromium from 1600°F
to 2100°F resvectively,

AIRCO XX welding grade helium was found to have

tew points wvell within thia range. However, to maintsin

thle dew volnt in the furnace and to hsve s combugtion

tutc of lower dlssociation vressure than chromium, it was
found to be necesssry to use a re‘ractory vorcelain instead
nof quartz resction chambars, which were found to be vorous.
The vacuum fusion methnd for analyzing oxyger 1in
chromlum offered gufficlent advantages that avosratus wag

deglegned and constructed.
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The continuation of this investigation is described
in the following pages. Thlg work can be dlvided into 3 verts:
1. vroduction of cxide-free, low oxygen chromium
alloys at varying psrtial pressureg of oxygen
. along isotherms
2. determination of the dissociation preasgure curve
of Gr203

3. chemicai and structural analysla of the alloys

Apparatus and Procedure*

1. Helium Digtribuiicn Syetem
High grade new rubber and plastic tubing
were originally used to transfer the dry helium
from the t:nk to the dew peint indicator or to
the combugtion tube. It wag found that rubber
is permesble to molsture and that the vlastic
is extremely difficult to dry out by flushing
with dry gas. OGlsas was utlilized on przliminary
equiomen®, ard slthoush satisfactory, was
diccardel ir faver of copoer tubing. The entire
distribution svstem is now of 1/L" covper tubing
- with solderless compression Z1ttings. All
Joints are painted with glyptal, 2nd all needle
valveg sre packed with a low vaoor pressure
high vacuum grease. All of theee vrecautlons

wvere found to be necegsary to avold molsture

and oxygen pick-up.




2. Reaction Chambers e
Straight McDanel refractory vorcelain com-

bustion tubes have been emvloyed in small Kanthal o
wire wound laboratory tube furnaceg to determine
the diseociation vreasure ourve for Ory03. This

i1s accomvlished by utilizing gas of a conetant

dew point and apvroaching the unknown temmera- L;,
ture of dissociation by "bracketing® from above ey
and below,. &3’
Two McDanel refractory vorcelain combustion ;‘S‘}:
tubee were fitted with Pyrex furnace heads (1), :‘_:r_
to allow quenching through the furnace atmocvhere EE
into a sultable medium. One end of each com-
bugtlon tube was mcdiried to fit a stendard ’
Pyrex Pive Flange through a gasket, 3
Ag refractory vorcelaln has very low thermal

shock vproperties, 1t was found necessary to use —_—
gheet metal strips to move the glundum boats ;“ﬁ
into the hot zone. In thlg way, the edges of ;
the striv could heat up very quickly to the ’—3;
temversture of the combustion tube, while '%
suoporting the mnre slowiy heating boat. When ::\.(_
the boat had reached the temverature of the a
hot zone, the hoat could be safely vlaced on ;’j
the tubc and the strip removed. Fig. 2 showa ;‘?
schematic aketches of both tynes of furnaces. —:
R
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Dew FPoint Controller

It woa found thet there wag insufficient
helium in one tank to allow *bracketing” of
the digsoclstion temverature at the fixed dew
voint of the tank. Therefore it was necessary
to have a means of obtainine a aseries of fixed
dev vointa raneing from about 0°F to -60°F.

A controller vaas designed and built to allow
for humidificetion of hellum as 1t was drawn
from the tonk snd 1ts subasequent refrigeratinn
at a2 conatant temverature to e¢ive helium with
a known constant dew oolnt. For examole, if
gng of Jdev point -20°F wag reguired, and the
toanka of helium to be used had dew points
roneing from -40 to -125°F, 1t would be
necesaary to add moigture. ralaing the dew
voint to about -10°F, then refrigerate at -20°F
to freeze out the extra water,

The trap consiasta of 8 feet of 1/4" coover
tubineg in a methanol bath cooled by a refricerator
unlt whose temverature ia controlled by a pressure
regulator on the vacuum side of the compressor.
Thir control is accurate to * 0, 5°F,

Figure 3 shows the dew volnt contrnller and
the hellum distribution system. It can be geen
that the by-vass around the refrigerator coil
allows for checking the huridifier overstion. All
glaan-metal reals are made with deKhotincky cement,

x\" ., " '\ \.'l\."\'
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k., Vacuum Fuaion Apvaratus

The vacuum fusion avparatus has been
modified slightly, and ite rance extended. The
vresent esovparatus is sketched in Fig. 4, and
photogravhed in Fig. 5.

A comvlete procedure hss evclved and seversl
determinations of dlsanlved oxygen in chromium
have been made, aa well as checks on F.B.8.
Standard Steela. This vrncedure 1s described
below.

(a) Specimen Prevaration

Solid specimens are vrevered by the
method described by Alexander, Murray and
Aahley (2). .

Sintered oxide-free, low oxygen-
chromlum allnys are vrepared by removing
the thin oxide layer, which always forms
ag the alloy cools across tge Cr203
dissnciation oressure curve, and rinsing
in acetone, .

Ar chromiur is not ferromagnetic, it
is necesasrv to move 1t around inside the
loading arm by means of iron plugs and

magnets. The friabllity of the sintered

chromium alloys lesd to the use of soldered

sheet iron boats. The bosts are weiched,

B, WS e T
Nty Lo
'.-".r:'a_'r_‘.-.z EACN




chromium-oxygen alloys svecimen vlaced
ingide, and the assembly is reweighed.
These are then menivulated in the loading
arm and emptied in%to tneﬁcrucible by
- magnets. After snalysis, the boat can be
rewelehed, and the totsl welzht of alloy
actually drooved into the crucible san be
calculated.
(b) Crucible Prevaration

The cruclble design and quartz thimble

loading ia sccording to Culdner and Reach (3).
{c) Degassing

After the quartz thirble is hung in
vlace, the =vecimens and a sultable amount
of caat iron slugs for a flux bath ere
loaded in the loadinrg arm. The Joints are
then sealed with Aviegzon wox, Degassaing,
which is initiasted with the mechaniesl
ouros, of course, must be done very slowly
and carefully in stevs of less than 1 cm.
He, with sufficient time between ths stevs
for the vreserure to equelire throuchout
the eyster. In thie wav, the org adeorbod
and traovved in the ~200 mesh gravhite
vowder about the gravhite crucible can come

off without blowing the vowder around, and

1L
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the oressure differences throughout the

avater are kept low enough that the

veloclty of gas trongvort is insufficlient
to blow any gravhlte out of the furnsce
. head and into the aystem,

When the aygtem vacuum 18 below the
fore pumo requirements of the mercury
diffusion pumvs, the latter csn be turned
on., W%hen the syetem has reached its
ultimate vacuum of apvroximately 0.2
micron Hg, heat can be avvlied to the
crucible, following the same orecautions
on gas evolution aa outlinred above. A
zaximum temverature of 4530-4710°F
(2500-2600°C) 18 used for 2-3 hours,
being 1imited by the softening temverature
of the Pyrex furnace.

(4) °®Blanking® the furnace

After the temperature of the furnace

e e
A T .

hse been cut back to 2820-3090°F (1550~
1700°C), five or six k-5 gram slugs of
cast iron are drooped into the crucible
and thus melted. ™umoineg is then con-
tinued until the furnace blenk resches
1.5-2 mlcron—literﬁ/m;n. 2g meagured in

the collection volume, including volume Vi

15
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McLeod waugea, and the firat throat of

pumo Pz. The blank gas 1s analyzed by
circulating through the covver oxide
furnace and travoing first with dry lce
and acctone and then measurine the
pressure of the reaidual gases then
trapving with 1iquid nitrogen. It 1s
also necegasry to know the blank from
the coover oxide furnace through both
tyoes of cold baths.
Specimen Analysis

The svatem is pumoed to about 0.2
micron or better, and Sq is turned %o
allow P} to vumo ges from the furnace
into the calibrated volume. Then a boat
containing the chromium alloy svecimen
1s maneuvered by magnets to the center
tube lesding to the crucible, and ie
turned over to dumo the specimen. The
gag evolved 1s collected for 15 minutes,
and the ovressure read on the ¥cLeod gauwze.
During the gas collection, the dry lce
and acetone mixture is placed on the trap.
The collected gas 1s then circulated
through the coover oxide furnace at 550°F
and the trap by P, for 10 minutes. The




vrearure of the remgining gas, ocollected
ageln in the volume, is meesured and the
process reveated with liquid nitromen
around the trav. .

From the four measgured vressures,
and the vreviously measured blank retes
and analysis, welght of the =vecimen,
terversture of the volume, and the volume
1tgelf, it is vosslible to calculate the
welght % hydrogen, oxygen, and elther
nitrogen (in tke ateela) or helium (in
the chromium-oxygen alloys).

Regulta and Discusgion!

1. Isotherm Alloys

Alloyn for geveral isotherme are being

made but, to date, only those for sn isotherm

P

at 1725°F (941°C) have been anslyzed. The

R
data on these alloys are ligted in Table I T
t,‘:a-;
below: -_—
X
SLE I :‘?"i
ISYTHERM AT 1725°F —
o
Dew Point I
Alloy No. oF wt.4 0» in Alloy ;5‘
G
90-0 ~57 0, bk’ =
60-0 -62 0.4k, 0.48
74-0 ~81 0.42,0.06
17
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Depending on which diassoclation curve for
Cr203 is uged from the literature (Gulbransen-
430F, Grube and Flad-50°F), these lead t0 a
tentative point on the solvus curve of 0,45 to
. 0.49 wt, £ oxysen dissolved in chromium at
1725°F.
2. Diasocistion Pressure 3
Uging 2 tanke of He which, as received had
dew vointa of -62, and ~R1°F, 17 runs were made
in attemots to %bracket® the temoverature at
which dissociation took vlace in this atmosvhere.
The reaults of this work indicste that the ovro-
cedure being used 1s not satisfactory for the
following reasons?
(#) It is a time consuming overation for the
small smount of data obtained.
(v) The rate of oxidation is very rapid once
it beging, making a "disavvearing phase®
X-rsy method vractically useless,
{c) The only method of determining whether no
oxlide has formed is vlsusl and therefore
. uncertain,
(@) As a result of b and c, results are on
the low side. . i
On the bagis of this work, hnwever, 1t i=s
avoarent that the theoreticsl curve of Lustman

is low.

18
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Chemical and Structure Analyela

Reeulte of chemicsl analysis are included
in results of 1 above. It is alao notevorthy
that analyses of ¥.B.8. Steels by the vacuum
fusion avovaratus are within accevtable 1imits,

In addition to the use of X-ray methods
for vhase detection, some measurementes of
1lgttice vparameter of allnys made below the
diasoclation preasure of Gr203 were attempted
to see if any vsriation existed with varying
oxyzen content. Measurements were made on the
(211) reflection of the B.C.C. gtructure for
alloys vrepared at 1775°F (96%9C) as followa:

TABLE II

Dew Point
oF

Ssmple Number
73-0 -81
61-0 -62
83-.0 mixture of chromium
and Crp05 to get

oxygen sdlubility
maximum

No measurable changeg were detected,
Hicher Oxygen Phages

As the CrOg has been listed in the litera-
ture by Givaudm et al(g) aa being oroduced from
Cry03 at 970°F (520°C), aeveral attemots were

19
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"made to duplicate this without success, Both
chromium and Crp03 were treated from 950°F to
1220°F for 1R-60 hours in both air and oxyeen.

A1l products were Crp04. It ls of Interest to,
note that eeveral color modificatlions of Cr;03.
blue, ourvle and brown as well as green have

been obgerved. All have the seme basic crystelline

structure, as shown by X-ray diffraction.

Part B

The Chromiur-Nitrogen System

Introduction: 3
Ar with the chromium-oxyzen syatem, work to be re-
vorted below 1s based on preliminsry gtudles under the vrevious
contract. This work led tn adootinn of 3 suitable nitriding
orocedure for chromium metsl and to a revroducible method for
chemical anslysis of samples of low and mediur nitrogen con-
tent. Difficulty was encountered in diasslvine samples for
analysis contsining the hizher nitride {Crl). Both the
N hexagonal CroN phase and the CrN vhase were vroperly identifled
and the X-ray vowder pattern lines properly indexed. The
lotter were found to be in comvlete agreement with those

6) (7)

given by Blix and Ericson.

Ao

The theoretical concevts involved in nitriding of

b
2,

B
)

chromlum have been discussed in vrevious reports. It may be

of interest to review them briefly here as they affect the

20
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vreasent work, Both ammonia gas s .d vure nitrogen have been
uned a8 the nitridine sgent. The chemicsl equations in-
volved are
2 NHy = Np + 36, (1)
for which, at any temperature T,

(mg,)3 (7y,)

K = —— (2)
Cug,)
and /or
N, —3 2N (in Or) (3)
for which
kK _ 8% (N in C¥) (&)
2~ "’Nz

where & 1s the activity of nitrogen in solid solution
in chromium metsl.

Since the K's sre a function of temperature only,
1t becomes obvious thet for exverimenta where the NH3 or Ny
are dlluted with an inert cerrier gas, elther 'DNH.i or "’“2
may be viotted in mekine the isotherm, where these vressures
revresent the vartlal oressures 01: the gagen #g used. Where
hydrnzen is used ag a carvier gas, a amall change in the
equilibrium w11l result in the cese of ammonla. Thia will,

in @eneral, not be a larme enousgh effect to change the shape

of a given lgotherm,

21
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Apvaratug:

The preveration of nitrided asemplea has been carried
out in three furnaces. ) 3

Two of these are Fapthal wound tube furnaces. which,
traveling on an overhead rail, may be removed rapldly from
the atationary resction chamber, thus vermitting rapid furnace
cooling. Each rurgace 1s equipped with two thermocouvles}
one in the winding, and ons in the reaction chamber. One of
the two low temperature furnaces has a Pt - Pt 10% Rh
thermocouple that activates the temperature controller* and
a chromel-alumel thermocouple inslde the reaction chamber
for measurement. On the other furnace, both thermocouples
are chromel-slumel. One reaction tube in use at vresent is
made of quartz, the other of Feclanel refractory vorceleln,
A complete deascrivtion of this apvarstus may be found in
vrevious revorts. The get-up has been modified to permit
uimulteneogn uge of three gases. The drying train has been
eliminated. having been found unnecessary in veried ammonia
and nitrogen with helium carrier. A schematic sketch of
the vresent svovaratus may be found in the avvendix of the
vresent report. i

. The high temperature furnace, which 1s a recent

addition, hagr been designed to overate at temperatures in

See laat report.
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the vicinity of 3000°F, with a vpover consumvtion of aovroxi—%
metely 12 kw. The reaction chember is a "McDanel Zircotube®,
having properties similar to the McDanel tubes described 1n
the first vart of the precent renort, excevt for better
thermsl shnck resistance. The furnace is histed by non-metallic
hesting elements, manufrctured by the Cartorundum Comvany
under the trade name "Globar". The furnace containe four 36"
Flobara, snd is constructed entirely of high temverature
Alumina and insulating fire brick. The furnsce atmoephere
i1s suppnlied 2nd reculated identically to that in the two
oreviously mentioned furnaces. The temperature is controlled
by meang of a variable resistance. The messurement of
temperature has been more dif{icult at the eievated temvers-
tures reached in this furnace, due to the limitations of the
common thermocouples. Hence a Leeda and Northrup Optical
pyrometer hes been erployed, with which temperstures good to
avoroximgtely 5°F are obgalnable. The temperatures were ob-
tsined only between rung, dusz to the lack of peev holes or
other mesns of observine the specimen during runs, The
temverature in the oven furnsce has been found to fluctuate
over sbout 20°F during s 284 hour veriod st a terverature of
280(0°F,

The gases used in the vresent exverimenta are the
aame ar dercribed in our vrevious revort.

Micro-Kjeldahl Ansalysis

This avoaratus has been vreviously deacribed, The

detalled analyals vrocedure sas no¥ usged 1ls precented in

the avvendix.
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X-ray Method
The general equipment in use has been vreviously
described. In all inatences a Debye-Scherrer camera with
a rotating specimen mount haa been uged. Exposure timen
. of six to eizht hours are necegeary, using CrK‘K radiation.
An aluminum foll filter has been used with goond resulte
to reduce film background.

Experimentsl Procedure:

1. Prevaration of Specimens for Phare Disgram ¥nrk

Powder electrolytic chromium with an avoroximate
vurity of 99.5% has been used in the preprsration of alloys
for equilibrium determinotions.

Abnut 1/2 to 2 gms of the above powder in an
alundum reaction boat is placed in the helium flushed quartz
resction chamber, while the furnace 1s removed, After Jlugh-
ing for =n additional 5 minutes, the sctive gases, NH3, Hy, N,
or a combination of these is turned on. All adjJustments are
made, and after about 10 minutes, during which time the )
atmosnhere ineide the furnace is bellieved to become constant,
the furnace, which 13 st the desired temveroture, ir slioved
over the resction chamber. (gee Fiz. 6) The firat temversture

. readine inside the resctlon chamber is teken in 15 minutesn.

after which time the temverature has reasched its final

-,

!

.,.};;

magnitude.

I

By that time the epecimens have alresdy sintered.

2l




Atter gﬁree hours the furnace ahell is removed, thus
causing the specimens to cool very rapidly. After about 1
minute the active gasee are turned off and the reaction
chamber once more flughed. The svecimen 1is then removed, re-
crushed, end re-treated by reveating the ebove vprocedurc for
snother three hours. After another re-crushing the aveclimen
is re-trested for 16 hours and then analyzed by means of the
previously mentioned micro-Kjeldahl method, as well as X-ray
vowder method.

2. Prevarati . of Svecimens in High Temperature

Furnace

One or two grams of electrocirome are placed in an
alundum boat, which 1a vushed into the hot zone of the
furnace. The oroverly adjusted atmosvhere 1s circulated
through the furnsce at least 1/2 hour after inaertion of the
asrole. Prior to closing the furngce by means of an insulat-
ing vlug and realing with litharge, the temperature 1s taken
by mesns of the previously mentioned optical pyrometer (gee

Fig. 7).

The tire of trestment 1a 20 hours, which time 1is

believed to be gufficient for equilibrium at the high
temverstures. Uvon ¢nmpletisn of the treatment the gvecimen
is vulled intn the cold zone of the furnace, where 1t conls
within sbout 2 minutes. The specimen is then removed from

the boat, and vrevared for X-ray and/or KjJeldshl analysis.




3. Preparation of Svecimens for Hardneas
Determinations
Four =0l1d chromium svecimens® have been treated at
17320F, (10009C) in sn atmoaphere of 100% NHy, Since the
accurate temperature controllers which are in ure at vresent
were not as yet available, the sccuracy of the above
mentioned temperature may be considered good to only ¢ 10°F.

The times of treatwent were 65, 130, 200 and 280

hourg, starting with a new epecimen in esch inegtance. All

but the 130 hour specimen were slow furnace cooled, the
1latter recelving a rapid air quench.

Each avecimen wag mounted and prevared for metal-
logravhic obaervation, and ricro-hardness surveys. A number
of etching reagents were tried without much success, though
the nitrided region is obgerveble in unetched svecimens,

The micro-hardnese survey, using a Kentron Micro-
Hardness Teater wag difficult due to the vorosity and
hrittlenegs of the nitrided csese, the hesvy losd (1000 g)
necessary, and the <hallow case in the firat two samnlesn.
Due to the vorosity and brittlenesa, the average hardness
value may be lower than the true value. Since the case was
extremely shallow in the first specimen, no hardness vrofile

is revorted for it.

—————————
Received through the courtesy of Mr. D. Bloom of M.I.T.
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Prior to nitriding, sach aample wag carefully
¢leaned and the surface activated with dilute YCl.
L, Determination of the Effect of Time of Treatment
A preliminary study hes been made to determine the
. effect of time on the nitrogen content of a sample trested
at 180G°F, in a 100% N, atmosphere.

All s=mples were prevared similary to those prevared
directly for isothermal #N, or #NHj vs. "ZN recovered" vlots,
and the esmpvles recelved the vreviougly described rapid
furnace guench.

5. X-ray Diffraction Studiles

Most ssmples were vowdered to aporoximately 320
mesh in vrevarstion to exsmination by meang of the powder
method. X-ray vowder vatterns for the body-centered cuble
Cr, the OrpN and CrN as well as Cry0q were observed as
X deacribed in s vrevious revort. The relative inteneitv of
the nitride lines served as an indication of the extent o{'

nitriding, the dissociation temverature of the Cr2N vhasge,
and as a gulde in chemical analysis.
The powder svecimens were made by extrusion. A

3 chromlum terget tube at a potential of 40 kv and = current

2

) A of 12 to 19 ma was uged. Exposures of rotating specimens

o
X

: were made for 6 - 8 hours.

4
. o
B!

0
X

6. Weirht Change During Nitriding

N

\"L

A small sample of electrolytic Or waa carefully ;f:"

o

welighed in 3 platinum reaction boat. The specimen was then L
trested at 1%320F (1000°C) in an atmosphere of 100% NHg for R
vi

L
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various verlodg of time. After each treaiment the asmple wes
reveighed snd re-treated. After the final trestment the
sample wag X-rayed to make certaln that a complete 4raneforma-
tion had taken vlace. The aample was then analyzed for N

by the Micro-Kjeldahl Method. Due to the fact that the trans-
formation was virtuslly comolete, the somvle could not be
digested completely in vrevaration for the micro-Kjeldahl
analysig. The welght of the sample vs. time of treatment was

vlotted.

Begults:
1. Ammonia-Hydrogen Low Temverature Isotherme
An isotherm at 1652°F (900°C) using mixtures of

NHB ~ Hy wag vrepared. Nine eamples were treated, analyzed

in duplicate and the results vlotted (see Fig. 8). Though

these samvles do not reoresent true eouiiibrium, since they
in 211 instsnces contained more than one phsse, the break
in the curve indicates the apvroximate disgociation vressure
of CrN at 1652°F, X-ray vatterns of the serles gave evidence
of the presence of CrN slmost throughout the 1gotherm. Below
ig a table =hnwing the ?N recovered, and crystel structures
encountered.

Though by means of the foregolng isotherm 1t wes
impogsible to gather information regarding the dlissocistion
vreesure or composition of the CroN phase, 1t apvears that

the single phase CroN region begins in the vicinity of 114 N

N
)
>
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TABLE III

oo NH3 (atm.) wt% N CrN  CrpN  BCC (alpha Cr)
.006 none some aome
.009 10.56 -~ 10.77 none gome gome
.010 11.42 - 11.58 ? moat none
) .015 8'.25 — 8.26 none most ?
- .022 faint mogt none
- .032 11.70 - 11.85 faint most ?
.o7L 13.40 - 13.4% gome most none
.150 16.34 - 13.44 gome some none
177 19.20 - 21.40 most some none

by welight. As there apvears to be no evidence of a change
in shave between 11 end 21¥, it ig safe to assume that the
solubility of CrpN for nitrogen ig low.

Simulteneougly with the above, another isotherm
was made at 18320F (1000°C). This Asotherm consigted of
only 5 samvles. The work wag not vurgued further due to
the presence of CrN even at extremely low pressures of NH3'

The table below gives the results of thies series.

TABLE Iv

vp MHy (atm.) Wt.% Recovered CrN CroN  BCC (aipha Cr)

.03 7.11 - 7.10 none most some
.015 10,70 - 10.83 ? most none
.07 13.50 - 13.44 gome most none
.084 11.4% - 12,92 mogt

......................




The above igotherm will be continued later to give
the dissociation pressure and composition of the CrN phasge
et the igotherm temperature.

2. Nitrogen-Hydrogen Low Temverature Igotherm

Another igotherm was vroduced at 1652°F (900°C)

uglng N, - H, atmospheres, As had been determined previously,

nitrogen 1s not a sufficiently eevere nitriding medium to
yield the hizher nitride (CrN), and thus the gas wag aelected
with the intentlon of getting the disgociation data of the
CroN phese. That no OrN 1s obtained with nitrogen atmoavheres
wan conf"irmed by the X-ray investigation revorted previously,
and the fact that samples of thls gerles dlsrolved with
relative ease in dilute sulphuric acid. .

Though analytical results are at vresent incomplete,
it is avoarent that a relatively large amount of nitrogen
(in the neishborhond of §%) enterg the chromlum lattice when
heating in air. In fact, with atmospheres having even very
low partial vressures of nitrogen, thie appesrs to occur.

3. High Temperature Isotherm

A high temverature (2705°F or 1485°C) wag made
using N; ~ He atmosvheres (See Fig. 9). This series, thouzh
not yet comvlete, extends from 100% N, to 1008 He. Thus far
five such asmvles have_’been produced.

Uoon conling, the sesmpleas are sintered to a much
greater extent thon those oroduced ot lower temmerstures,

ag could be expected. No oxide film hes thus far been
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encountered, thouzh the gvecimens are virtually air cooled.
A gample heated for 20 hours in an atmoephere of

helium has a body centered cublc structure, whereag samnles

treated thus at lower temperature showed at least traces of

. a8 hexagonal structure.

Most samples mede under partial preasures of No K?F
sbove 10% contalined the hexagonal vphare. The gample wede g;'
B
with 100% Ny may contain gome CrN. Ssmples produced and E:‘
plotted thus far are listed in Table V below. 5@
[
W
4
TABLE V
® N, in atm. ¥$.% N _recovered Structure &%f
0 0.1 ~ 0.15 BCC 3
ol
15 b - .97 BCC & HCP -
.25 8.0 - 8.3 &
.75 9.45 ~ 10.00 B
1.00 12.40 -~ 12.64 HCP & 7

Cubic CrN

g
'
"

Co

N3

2 B

L, Hardness Determinations
Hardnege profiles of thrge of the four speciuens

orepared are vresented in Fiesg., 10, 11, 12. The nitrided

E

cage uvon the svecimen treated for the lowest verlod of time

X

(65 hours) wag too shallow to vermit more than one hardneas

s
e,

reading, No vrofile is hence shown. A vhotomicrogranh of

the hardness readings as they aoveared in the 280 - hour

3




aample apvears as Fig. 13. The avecimen avvnesrs unetched,
and 1a presented only tn show the grasdusl increase in
hardnega between the matrix and the case. Under the micro-
acove the nitrided reglon apvears yellow to brown (light),
- and even thoush the soecimena had a finlghed surface th=t
had been activated vrior to treatment, the case was uneven.
The latter was probably due to porosity. A maximum
hardnegs reading of over 2200 knoop wag recorded, which is
vrobably the nearest to the true hardness of CrN, since
porosity and cracking interfered with most of the readings.
The specimen receiving the most rapid quenching
rate exhibvited the highest hardneass value. The latter was
the specimen treated for 130 hours. Each specimen containe
at lesgt one intermediate hardneas value which probsbly
revreaenta the reginn of the lower nitride, CroN, thoush
the actual herdneas of CroN could best be determined
accurately if the solid rpeclimens were treated in a nitrogen
atmosphere.
5. Determination of the Weight Increase due to
Mitriding
The incresse in weipght of o savecimen trested in
“ an stmosphere of 100% NHB at 1000°C has been obeerved and
vlotted against time (see Fig. 14).
, After numerous such *—eatments the weight becsme
stable, with a weight increase of 43.2 mg in a samvle
originally weighing 286.8 mg. Thouch this increase is

32
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somevhat shory of what would correspond to the stoichiometric
weight change, X-ray diffraction eave evidence of complete
transformation to CrN. The complete transformatlion was
further indicated bty the extreme difficultv in diesolving
the specimen prior to the micro-Kjeldahl analysis,

The main cause of error was formation of some oxide
during cooline of the svecimen, and the attack of hydrogen
on the Pt reaction boat.

6. Determination of the Effoct of Time

Since these samples were succesaively re-treated
without the vresence of hvdrogen in a nitrosen atmosphere
with uncontrnlled dew point, some oxide wag present in all
specimens.

One sample was treated for one hour in an atmoaphere
of 100% N, at a temperature of 1000°C. After vpart of the
sample wag removed for analyasls, the trzatment was coniinued
for one more hour, and finally for & hours 15 minutes mcre.

The three snalyses of the sample apvear in Table VI below.

TASLE VI
Totsl Time of Treatment in Hours Analyale ¥¢ £ N
1 2.39 - 2.38
2 3.48 - 3,30
61/2 16.60 - 16.3%
33

Bl

b
‘:\':x::-."\
T



Another assmple was treated for longer vnerlods of
time. Though final snalytical results are not complete,
they at present svpear egratic due to the presence of oxide
in the samples. They do, however, indicate that the reaction

rote ia extremely slow after 20 hours of treatment.

Genersl Commentg:
Though the igotherms presented are incomplete, a

definite bresk in the curve mav be obsgerved which would
theoretically indicate the transformation conditions.
However, true equilibrium conditiong are attalined only with
AAfficulty, and more then one vhase was found to coexist
after treatment under given conditions of atmosohere and
temperature. Hence the horizontal vlatesus should be disg-
vlaced to the right, and higher nitrogen contents corres-
vonding to tranaformetinne recorded. The data vpreaented
hereby must therefore involve the time factor, which in the
oresent case is oneﬂot 3 guccesgsive re-treatments, the first
two lasting 3 houre, and the last lasting 16 hours.

Difficulty has been encountered in correctly identi-
fying the hexagonal phase. In the temperature region near
20000F, , where oure Cr ghould have a body centered cubic
cryatal structure, s hexagonsl structure has often been ob-
served, This vhase may have been CroN which may have formed
due to improver flushing of the furnace or a leak if the

diarocistion preserure of this nitride is very low. It has




N P Y I SRR VR LR WRR RN TLRT § WP OTR LG eICews) RN ey PP T I SRy PN e SO

also beeg sugeented that the structure may be a hydride of
chromium, or even o hexagonsl phase of the vure metal.

Work under wey at vresent includes a low temwerature
irotherm using Np ~ Hp atmoavheres at a temperature of about
1450°F. In this temperature range sintering of the svecimens
ia slmnst sbgent, hence ecuilibrium is bellieved to be more
early obtainable.

It has recently been brought to attention that the
nitrogen content of the bottled hydrogen in use at this
laboratory contains a great enough smount of Nz ag an im-
purlty to yileld CrpN after prolonged times of treatment.

This would exvlain the presence of the hexagonal vhase which
could heretofore not be ldentified.

The nitrozen could be removed from the bottled
hydrogen by means of cslcium. This will be done in the

near future.
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APPENDIX I

SCHEMATIC DIAGRAM OF NITRIDING EQUIPMENT
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APPENDIX II

APPARATUS AND PROCEDURE FOR NITROGEN
DETERMINATION IN CHROVIUM

Avparatug:
A standard micro-Kjeldshl diat%llation apoarstus

1g used. It 18 an all Pyrex glass model, with atendard taver
glaas joints and cocks to vrevent every vossible contamina-
tion. The atesm generating flask has a cavsclity of 500 ml.
About 70 mi of alkaline golutions can be digtilled satis-
factorily without loaes of sample throuch splaashing vast the

uoner bulbs.

Procedure:

The »rosedure adavted is a modification of one of
tuachbacher's (8) pethods.

A 0.1 tc 0.2 grsm eomple is weighed out in a 250
ml Erlemever flask, and 20 ml of dilute (1-4) sulfuric acild
together with 0.1 gram silenium vpowder and 5 gm potassium
sulvhate are added, Digestion 1s allowed to proceed for
two hours, whereuvon the sample 1is centrifuged. The eolution
is saved, wheress the residue 1a further treated with a2
freeh vortion of (10 ml) of concentrated sulfurlc acid, 5 ml
concentrated vchosvhoric acid, together with 0.1 gm selenium
and 5 gm potasaium sulfste, Dimestlon 1ls continued until

the golution avvesrs clear. The latter tskes from 5 to 10
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APPENDIX IT (Continued)

hours. The combined liguids from both digestione are quanti-
tatively diluted to 100 ml and 25 w1l ssmples distilled over
with 10 ml of 40% godium hydroxide anlution. The ammonia

1q recovered in 25 ml of 0,01 N hydrochloric acid snd the
excera acld backtitrated with standard 0.01 N godlum

hydroxide anlution.

|

A daily blank is obtsined in simllar manner.
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Figure 5. Vacuum Fuelon Avvaratus.
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ISOTHERM AT 1460%1485°C
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Fig,

The avecimen 1s the one deacribed,

and vlotted in Fig. 12.
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