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ABSTRACT

The ternary nitride system Cr-Al-N has been investigated by sintering different powder
compositions. The powder compositions belang to four groups, AIN- + Cr-powder {5 compositions
between 20-90 molar®s AIN), Al- + CraN-powder (3 compositions between |5-80 molar®s CraN), AlN-
+ C'raN-powder (50- and 90 molar% CroNy and Al- 4 Cr-powder. The powders were dry mixed and
pressed into peltets by uniaxial pressing followed by cold isostatic pressing {(CIP). Sintering took place
in a graphite lined reaction bonding furnace under nitrogen atmosphere at three different temperatures,
1330°C, 1500°C and 1800°C and in an alumina tube furnace in order 1o avoid access lo carbom.
Holding times were varied, from 2 hours up to 72 hours.

The phase development was evaluated by thermal analysis and XRD. CrAIN was formed at
1330°C but decomposed at higher temperatures. Both pure Al and Cr-powder were prone to redct with
carbon in the graphite furnace. Thermal analysis showed a sublimation of CrN at temperatures around
1050°C and nitridation of pure Al-powder between 680-750°C and of pure Cr-powder between 610-
1080°C. Samples with pure Al-powder showed a very large expansion due to melting of aluminium in
combination with nitridation. AN was tound 1o be more stable than CraN at higher temperatures and
longer holding times. The mixtures of Al-1 Cr-powder produced an intermediate Al-Cr-phase.

INTRODUCTION

Chromium aluminium nilride has shown promising properties for cutting and wear applications,
such as high hardness. wear- and oxidation resistance' . Increasin ¢ the amount of aluminium in Cr-N
coatings increascs the oxidation resistance of the film by formation of an aluminium exide layer on the
surface”. There are many reports on thin fiim production of CrAIN-films™™*, but the material is much
less studied i bulk form.

CrAlN ervstallizes in two different ways depending on the AIN content. The crystal structure is
cubic Bl NaCl-structure CrlN for lower amount of AIN and hexagonal B4 wurtzite-structure AIN (w-
AINY for higher amount of AIN'.

Little work has been reported on bulk preparation of CrAlN. The aim of this work is to
investigate the phase development in the Cr-Al-N system during sintering in differcnt temperatures.

MATERIAL

The material in this study consisted of aluminium nitride and pure chromium powder from Alla
Aesar (Johoson Matthey, Karlstuhe, Germany), chromium{IIDniiride and aluminium powder from
Sigma-Aldrich (Munich. Germany). The particle sizes of the powders were around 40 microns. The
chromium(lTnitride  powder consists of 85% CrN and 15% (N, Four different groups of
compasitions were made. as shown in figure 1,
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Figure 1. Compositional distribuiion of the tested samples.

Group 1 consists of 5 compoesitions of a mixwere of AIN-powder and pure Cr-powder. Group 2
consists of 5 compositions of a Al- and Cr;N -powder mixture. Group 3 is two different mixlures ol
AN and CrN -powders. Group 4 consists of twe different compositions of Al- and Cr-powders. Table
I shows the molar compositions of the different samples.

Table 1. Compositions ol all samples, in molar lraclions.

[ Sample AIN Cr Sample | CryN Al
D ID
1A 0.87 0.13 A |04 0.51
1C 0.65 035 2B .36 0.64
D 0.50 0.5 2C 0.25 0.75
1E 0.37 0.63 G 0.79 0.21
1F 0.20 0.%0 ZH | 064 036
3A (.26 0.74
3B 0.04 0% 1
4A 0: 0.5
4B 067 10.33

LXPERIMENTAL

The powders were dry mixed and milled in 2 mortar and then compacied into pellets with a
diameter of 10 min by uniaxial pressing (MFL Systeme Priif und Mess LIPD6, Mannheim., Crermany) at
10 MPa, followed by cold isostatic pressing {Autoclave Engineers: STI), Frie, PA, UUSAY al 200 MPa.
The samples were sintered in an alumina lined wbe furnace (Hereaus, Hanau, CGermanyy at 1350°C
uader flowing nitrogen atrmosphere with a holding time of 2 hours and in a reaction sintering furnace
with graphite heating elements {Cenrad Engelke Technik, Hannover, Gennany) at 1350, 1500 and
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1800°C in a nitrogen atmaosphere during 4 hours. In the graphite lined fumace the samples were
crabedded in boron nitride. Some of the samples were sintered at lower lemperatures in the alumina
fHned furnace, at 750 and 850°C respectively.

Heal treated samples were invesligated with X-ray diffraction {XRDY (Philips:MRD. CuKox
radiation and proportional detecwor. Almele. The Netherlands), The X-ray diffractograms were
recorded between 10 and 1067 28, The phase fractions were determined by fitting a Gaussian function
1o the three main XRIY peaks of cach phase present. The relative intensity ratio, Ix/Tr, where Ix is the
sum of the intensity of the three main peaks of phase x and it is the tolal intensity, i.e. the sum of the
intensity of the three main peaks of all the constituent phases. is then a measure ol the phase fraction of

hasc x.
" Thermal analvses were perlormed in a datometer {Netssch: DIL 402 C. Selb, Genmany) and in
a differential scanning calorimeter (DSC Netzsch: STA 449 O Jupiter, Seib. Germany} under flowing.
nitrogen atmosphere up to 1 350°C wilh a healing rate of 10°C/min and cooling rate 20°C/min.

RESULTS AND DISCUSSION

Sintering at 13530°C for 2 howurs pave the largest amount of chromium aluminium nitride. Almost
all samples contained the phases AIN, CroN and Cr,ALN at different amounts, Group 2 contained mare
Cr, AN than group 1, suggesting that pure aluminium more casily reacts with CraN, than chromium
does with AIN. The compositions 2A and 2H contain the largest amount of Cr,ALN, around 40 vol®.
Resulting XRD graphs for the compositions in group 2 sinered at 1330°C are shown in figure 2.
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Figure 2. The samples of proup 2 sintered at 1350°C.,

Sample 2A was also sintered at 7507 and 850°C. and 2 comparison ol the result for three different
sintering temperatures is shown in ligure 3. [ can be seen that there is more AIN at higher temperatures.
The fact that AIN is visible onky at higher sintering temperatures even though nitddation of aluminium
starts below 700°C. indicates that it is a decomposition phase of the CriALN -phase rather than a
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nitridation of pure aluminium powder. There is probably a maximum in Cr,ALN conlenl at a
temperature lower than 1330°C but higher than BS0°C and this will be investigated further.
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I'igure 3. Sample 2A sintered at three different temperatures, 750, 850 and 1350°C.

Growp | consisted generatly of less Cr,ALN -phase than group 2. The (r,ALN phase also
developed at a higher temperature in group 1. As shown for sample 2A in figure 3 ubove, there is
Cro Al N already at 750°C, but lor sample 1D, there is only AIN and pure Cr even at 850°C, at a
holding time of 2 hours, see figure 4 below,
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Figure 4. Sample 1D sintered at different teraperatures,
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The samples of group 4. i.e. a mixture of chromium and aluminium, were sintered in 1350°C.
850°C and 750°C and no Cr,ALN phase was detected. Group 4 samples showed an intermediate Al-Cr
phase for all temperatures. However, exact phase composition could not be determtined. The resulting
XRD-results of sample 4B sintered at 750°C. 850°C and 1350°C are shown in figure 5. with the
intermediate Al-Cr phasc denoted 8. At 750 and 850°C the sample contains only the Al-Cr-phase and
pure Cr. At 1350°C the chromium has been nitridated inte €N and AIN is now visible as a
decompaosition phase of the Al-Cr-phase. The Al-Cr-phase could not be nitridated into a Cr Al N-phasc
even at 13507, The same behaviour was detected for sample 4A.
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Figure 3. X-ray diffractograms of sample 413 sintered ar different temperatures.

‘The results of the curve fitting showed thal there is no shifl in the CN peaks with respect (o
aluminium content, which indicares thal there is no solid solution between Al and CrN. Figure 6
shows the influence of the total amount of aluminium in the sample. Le aluminium- and aluminium
nitride on the 200 peak position of the Cr.ALN phase. ‘lhe amount of cach phase in the samples
sintered at 1350°C in the alumina fined lurnace and caleulated from the intensity relationship is shown
in table 11 and visuabised in figure 7.
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Figure 6. Peak position of main peak of Cr,ALN phase as a function of total alumininm content
{molar®s) in the sample for (a} group 1 and (b group 2.

Tabie [f, Amount of phases in vol% based on intensity relationships of 3 main peaks.

Sumple CredhN (vol%) P CoiN{voldt) | AIN{vol%a)

1A 7 10 83

1 15 21 64

1D s i 53

IE o her T jES

¥ 16 67 17

2A 4 38 21

2B R EL 44 3
2C 25 40 36

2G 37 49 14

M R 43 13

A L )2 43 36 S
3B 0 100 0
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Figure 7. Amount of Cr, ALN -phase in the Cr-Al-N system at 1350°C.

Of the temperatures tested in this study, 1350°C was the temperature that gave the largest amount of
CrAlN. Longer holding time at 1350°C or sintering at 1500°C and 1800°C lead to a decomposition of
the Cr,ALN phase into AIN and CraN. In addition, a reaction occmrred between the boron nitride
powder that was used for embedding samples in the graphite lined furnace and pure chromium powder
starting at a temperature of {580°C, depending strongly on temperature and helding time. After 72
hours at 1300°C the only phase present was Cr{ADB, i.e. a CrB phase with Al as a substitational solid
solution. The reaction with BN was naturally mare prominent in group 1, consisting of pure Cr as a
contrast 1o group 2 that contains CrN from the start. Chromium was also easily reacting with carbon in
the praphiie lined furpace. The higher the temperature the more AN and less Cr;N. indicating that AIN
is & morc stable phase at higher temperaturcs.

The results of the difatomeler runs for sample 1D, 2A and 3A are shown in figure 8. They are
representative for «ll the samples in the different groups. For sampie 2A there is a sudden and large
incrcase in lenpth at 670°C which is due to the melting and nitridation of aluminium. Samples 11> and
3 A has a much smaller expansion and over a larger temperature range.

The results of the DSC/TG runs for sample 1D and 2A are shown in figure 9. Also here the
samples in the same group follow the same trend in behaviour, For group 1 there is & large mass
increase between 610-1080°C due to nitridation of chromium. Between 1080 andP150°C there is 1
decreasc in mass, due to sublimation of chromivm nitride. Group 2 shows a similar behaviour as group
1. Sample 2A shows a farge mass increase between 680°C and 750°C and in the same temperature
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inierval the DSC curve shows an exothermic reaction. This is probably due to nitridation of pure
aluminiwm. The nitridation can start at slightly different temperatures depending on the nitrogen
pressure®. Aluminium is melting due to the heat of reaction generated during nitridation. A nitride layer
grows on the surface of the pellet. This nitride layer prevenis the nitrogen from getiing in contact with
the inner part of the pellet. The temperature of the surrounding nitrogen atmosphere s lowet than the
melting point of aluminium and the molten aluminium will solidify and crack the nitride layer on the
surface, letting the nitrogen into the inner parts of the pellet and the process of melting will start again®.
Between 1070 and 1170°C there is a mass Toss for all samples in group 2. The mass loss is larger the
mare CraN the sample contains logether with an endethermic reaction indicates a sublimation of
chromium nitride.
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Figure 8. Dilatomeler results for samples 1D, 2A and 3A.
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Figure 9. DSC/TG results for samples 1D and 2A.

CONCLISIONS

e The largest amount of Cr,AlLN -phase was found at a temperature of 1350°C and 2 hours
holding time in this study,

¢  The Cr,AlN -phase and the Al-Cr-phase have started to decompose at 1350°C inte AIN and
C'raN indicating that there is an optimum lemperature for Cr, ALN reaction below 1350°C.

e Ingroup 4 {i.e, a powder mixture of Al 1 Cr) there is an jntermediate phase of Al-Cr ingtead of
Cry ALN —phase.

¢ The Al-Cr-phase has not been nitridated cven at 1350°C,
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* The largest amount of CreALN —phase was found in group 2 (i.e. a powder mixlure ot Al +

CQN}
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