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1 PROCESS FOR THE CONTI NUOU$ PREPARATI ON OF ALUM NI UM NI TRI DE BY CARBO ; oS
NI TRI DATI ON OF ALUM NA I N A MOVI NG BED REACTOR Thg subj ect of the invention

i s a continuous process f-or the preparation of almnlnlun1n|tr|deipy the
carbonitriding of alumna using a noving-bed reacyor. 5

Processes are known for the continuous preéparatiop of alum nium rytrl de
whi ch use a noving-bed reactor. In WD 92/16467, it has been proposed to
carry out the carbonitriding reaction of alunina in a novi ng-

The subject of the invention is a continuous

43
e

process for the preparation of aluminium nitride by the
carbonitriding of alumina using a moving-bed reactor.

5 Processes are known for the continuous
preparation of aluminium nitride which use a moving-bed
reactor.

In WO 92/16467, it has.been proposed to carry
out the carbonitriding reaction of alumina in a moving-

10 bed reactor operating with a constant filling rate
corrésponding to 65-95 % of the useful volume of the
reactor. This process makes it possible to prepare
between 0.5 and 0.8 kg of aluminium nitride granules
per hour.

15 In European Patent Application 0,519,806 it
has been proposed to use a methodical reactor operating
at a constant f£illing rate, the length/internal
diameter ratio of which is generally between 5 and 20.
This process makes it possible to prepare 2.42 kg of

20 aluminium nitride granules per hour.

The major drawback of these technologies
resides in the fact that the productivity of this type
of reactor remains limited.

One of the ways of increasing the

25 productivity consists in increasing the production of
aluminium nitride while keeping the volume of the
reactor constant. This Qenerally results in a

heterogeneous product, due mainly to an incomplete
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10 bed reactor operating with a constant filling rate corresponding to
65-95 % of the useful volune of the reactor. This process nakes it possible
to prepare between 0.5 and 0.8 kg of alum niumnitride granul es per hour

15 I n Eur opean Pat ent Applicq}ion 0,519,806 it has been
proposed to use a nethodical reactor operating at a constant filling rate,

the I ength/internal .di r rat.li f which is generally between 5 and 20.
Thi s process ﬁgfggnﬁgkgggégbFgg%ggﬁgépare 2.42 kg of 20 alum niumnitride

granul es per hour. The FRLEhedr PMRAGCE Qhdkaa38nLPERROLEBEEStivity

consists in decreasing the volume of the reactor while

keeping the production constant. Such a volume

in

reduction has the advantage of conserving both a high

production and a high homogeneity of the product.

A new process has now been found for the
preparation of aluminium nitride by carbonitriding
alumina which makes it possible to achieve a high
10 productivity while using a reactor of low volume, this

process being characterized in that the reaction
between the alumina, carbon and nitrogen is carried out
in a moving-bed reactor whose reaction area has~a
plurality of conduits.

15 The expression "moving-bed" is used here in
its conventional sense, namely, that it denotes a
reactor of piston-flow type.

Reaction area is understood here to refer to
the area of the reactor having a temperature compatible

20 with the reaction for carbonitriding alumina, this
temperature being generally between 1550 and 2000°C.

In the process in accordance with the
invention, a moving-bed reactor operating at a constant
filling rate, with a homogeneous and constant residence

25 time of the reactants and with percolation of the

charge under conditions which ensure a homogeneoué

composition of the gas phase around each particle at a

given level and intense heat exchanges and mass
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resides in the fact that the productivity of this type of reactor remains
limted. One of the ways of increasing the 25 productivity consists in

i ncreasing the production of alumniumnitride while keeping the vol une of
the reactor constant. This generally resuylts in a heterogeneous product,
due mainly to an inconplete 2 car boni t¥i di ng reaction.

transfers.

The constant filling rate may be obtained by
means of a continuous extraction, for example by a
weighing or volumetric meter located at the base of the

5 moving bed, and by means of a piston-type flow of the
charge into a shell of constant cross-section.

Percolation of the charge with nitrogen is
advantageously performed in counter-current to the
solids and at high speed between the granules.

10 In the process according to the invention, a
reactor is used in which the reaction area is composed
of a plurality of conduits of low volume, which has two
'essential advantages.

On the one hand, this makes it possible to

15 reduce tbe energy costs resulting from heating, since
the heat transfer is improved.

On the other hand, this reduces the amplitude
of the thermal gradient existing between the heat-
conducting material and the centre of each conduit.

20 This therefore results in a product of improved
homogeneity.

A reactor according to the process of the
invention is represented in the attached Figure 1,
purely as an illustration.

25 In this figure, the symbols marked a, b and c
correspond to the various areas of the reactor and
those marked 1 and 2 refer to the main accessories.

In the process in accordance with the
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Anot her way of increasing the productivity consists in decreasing the

vol unme of the reactor while keeping the production constant. Such a vol une
5 reducti on has the advantage of conserving both a high production and a
hi gh honogeneity of the product. A new prgcess has now been found for the
preparation of alumniumnitride by carboritriding alum na which nmakes it

0051 1€, 10,25 ol Ghd o B0ELLL e L L 6 AR ET |0

. el
vol une, this process‘%elng hatra eact i'on

al um na, carb @%Lfgg{ﬁggwlis carried out in a noving-bed reactor whose
reacti on area has "a

~- as a heater for the starting granules

{shaped starting materials) via ihe exhaust gases, that
5 is to say as a heat exchanger {area a),

- as a carbonitriding reactor {(area b),

- as a heater for the nitrogen entering the
feactor, by contact with the granules leaving the
reaction area of the kiln (area c).

10 The schematic reactor represented in
Figure 1, which is intended to operate in a
substantially vertical manner, essentially comprises a
conduit (area a) and a reaction area comprising a
plurality of conduits (area b), generally made of

15 graphite. |

Area {a) is connected at its upper part to a
metering device which serves to supply the reactor with
fresh granules, the £illing level being maintained
constant by means of a probe (not represented).

20 The upper part of the area (a) is also
connected to an exhaust gas collector (not
represented), the said gases essentially consisting of
excess N, and CO which may be conveyed towards the base
of an incineration kiln (not represented).

25 The reaction area (b) is advantageously
heated by electromagnetic induction (1).

The temperature at the centre of the reaction

area is advantageocusly measured by means of a
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plurality of conduits. 15 The expression "noving-bed" is used
here in its conventional sense, nanely, that it denotes a reactor of

pi ston-flow type. Reaction area is understood here to refer to the area of
the reactor having a tenperature conpatible 20 wth the reaction for
carbonitriding alumna, this tenperature 5Eing general ly between 1350 and

2000[ err] C. 'ntEQﬁeQEQEEESEEBbQC?Qfdance with the invention, a nmoving-bed
reactor operating at a constant f1{fing rate, with a honpbgeneous and

const ant residence 25 @hgerg;cgggnrg@ggaggﬁdgggsyd&Qiggqﬁg}qgéon of the

identical or different, and the number of which is
generally between 2 and 12, may have a cross-section of

5 regular or arbitrary shape. By way of examples of a
regular shape, circles, ellipses, annuli, right or
curvilinear polygons, either regular or non-regular,
and the geometrical shapes having an axis of symmetry
(Figure 2) may be mentioned. Conduits having a cross-

10 section of circular shape are preferably-used.

The conduits may be arranged uniformly or
non~-uniformly inside the reaction area. The conduits
are generally arranged uniformly such that, for
example, the centre of each conduit is located on a

15 circle or several concentric circles whose origin is
the centre of the reactor or by nesting the conduits
within each other (Figure 2). The conduits are
preferably arranged such that the centre of each
conduit is located on a circle whose origin ié the

20 centre of the reactor.

The space between the conduits generally
consigts of a heat-conducting material. By way of
example, graphite, tungsten and molybdenum may be
mentioned. Preferably, the same material is used as

25 that which forms the conduits, this generally~
consisting of graphite.

The lower part of the area (c) is

advantageously extended by a shell of frustoconical
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charge under conditions which ensure a honbgeneous conposition of the gas

phase around each particle at a given |level and intense heat exchanges and
mass 3 transfers. The constant filling rate may be obtai ned by neans of
a continuous extraction, for exanple by wei ghing or volunetric neter

| ocated at the base of the 5 noving bed, and by neans of a piston-type

flow of the shape comprising a nitrogen feed and the lower end of
this shell possesses a sealed volume-metering device
allowing extraction of the granules with a view to
their continuous weighing.

5 In the process in accordance with the
invention, the area (a) of the reactor as described
above is continuously supplied by means of granules
obtained by shaping a paste consisting of a mixture of
alumina and carbon and advantageously, especially in

10 -order to facilitate the preparation of this paste, of a
binder which may possibly serve as a complementary raw
material (g8) carrier.

Binder is understood here to refer to.any
product which imparts to the granules a mechanical

15 strength compatible with the process according teo the
invention. Generally, this mechanical strength is
determined by measuring the crushing strenéth and the
attrition loss.

When a binder consisting of a thermosetting

20 resin capable of generating carbon dﬁring its pyrolysis
is used, the amounts of carbon and resin are adjusted
so ag to impart to the granules at the same time
sufficient porosgity and sufficient mechanical strength.

Carbon black provides the pore volume

25 favourable to the rate of carbonitriding and the resin
binds the granules.

The thermosetting resin may advantageously be

chosen from phenol-formaldehyde resins in aqueocus
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charge into a shell of constant cross-section. Percolation of the charge
with nitrogen is advantageously perfornmed in counter-current to the solids
and at high speed between the granules. 10 In the process
according to the invention, a reactor is ysed in which the reaction area is
conposed of a pIuraIity of conduits of |ow volune, which has two essenti al

advant ages. OnyLic.ong, g 4 Nl se FakesnLle POSSLEL Cchoc 180, oL eguce, g he

energy costs res | ng rom I ng, SlInce rans I'S ?oved

On the ot her hﬁQ91b&hﬁ§eé?d§&§§ égeeﬁ&2§ltﬂgfyester or polyimide
resins.

The black may be chosen from a wide range of

5 carbon blacks, as long as the average particle diameter
of the black lies within the range of 0.5 to 10 um and
preferably 1 to 5§ pym and as long as their pore volume
is at least equal to 0.3 cm’/g. -Acetylene black, whose
pore volume may reach 10 em’/g, will be mentioned in

10 particular, purely as a guide. -

As regards the alumina, a high-purity alumina
should be chosen and a particle size of the same order
of magnitude as that of the black is recommended. For
the preparation of the paste (and of the granules) and

15 for reasons of homogeneity, it may be advantageous to
make use of a dispersant, for example of the type
comprising an ammonium salt of a polyacryiic acid.

In the preparation of the granules, a total-
carbon amount is generally employed, that is to say

20 carbon as it is and carbon generated by the
thermosetting resin equal to or greater than the
sﬁoichiometry of the carbonitriding reaction
(€/Al1,0, ratio = 3): this excess may reach 100 % and is
preferably between 0 and 50 %.

25 These feed granules have a crushing strength
generally between 0.2 and 3 MPa (measured according to
the "Bulk Crushing Strenéth" - Shell method) and an

attrition loss generally less than 15 %. This
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of the thermal gradient existing between the heat- conducting material and
the centre of each conduit. 20 This therefore results in a product of

i nproved honpgeneity. A reactor according to the process of the invention
is represented in the attached Figure 1, purely as an illustration. 25

In this figure, the synbols marked a, b and c correspond to the various

areas of the rRAGHMINA IO MiHaE-M %O%‘Cil%?ert Ul BLE
accessories. In the process in accordance wth
which consists in introducing 25 g of granules into a
closed cylindrical metal tube (internal diameter 36 mm,
length 305 mm), in fixing the said tube to a rotating
5 support in such a way that the rotation axis of the
support passes through the middle of the length of the
tube. After treatment for one hour at a speed of
25 rpm, the solids obtained are screened (425 um
screen), and the fines are recovered and weighed.
10 The attrition loss is expressed by the

relationship:

A% = P2 x 100
Pl
in which:

15 - A % represents the attrition loss

- Pl represents the initial weight of the

granules
- P2 represents the weight of fines obtained
The fresh granules are introduced into the
20 area (a) of the reactor and their level is maintained

constant by means of a probe located in the upper part
of this area (not represented).

Displacement of the granules conveys them
into the carbonitriding area (b) and then into the

25 area (c) where they are cooled by the nitrogen feeding

the reactor.

Cold granules are thus extracted, by means of
the volume-metering device located at the base of the

moving bed, which granules may contain an excess of
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4 invention, the reactor provides at |east the follow ng by operating: - as
a heater for the starting granules (shaped starting naterials) via the
exhaust -gases, that 5 is to say as a heat exchanger (area a), - as a
carbonitriding reactor (area b), - as a hegater for the nitrogen entering
the reactor, by contact with the granules |eaving the reaction area of the
Kiln (area C).carbon (AlN + C), the said granules having a residual

o-A1,0, content of less than 0.5 % with respect to AIN
(measurement carried out by X-ray diffraction).
The excess carbon may be removed by
5 combustion in a gas containing oxygen, preferably at a
temperature not exceeding 700°C.

The pure aluminium nitride is finally
deagglomerated, for example in an air-jet mill
advantageously equipped with a grinding chamber coated

10 with elastomer, so as to prevent any contamination.

The aluminium nitride powder obtained by
means of the implementation of the process described
above ig provided in the form of particles with~an
average size between 0.5 and 5 um, consisting of AIN

15 with a rgsidual c-31,0, content not exceeding 0.5 % (by
weight with respect to AlN) and a B.E.T. specific
surface area at least equal to 2 m*/g and éossibly
reaching 5 m?/g.

The invention is illustrated by the following

20 examnples.

Example 1

1 ~ 550 parts by weight of high-purity
alumina, finely ground (average grain size: 1 um -
ASTM C678 Standard; pore volume: 0.76 cw’/g) are mixed

25 with 182 parts by weight of acetylene black (éverage
particle size: 2 to 3 um; pore volume: 7.0 em’/g), 257
parts by weight of phenol-formaldehyde resgin in aqueous

solution (approximately 60 % concentration) and 11
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10 The schematic reactor represented in Figure 1, which is

I ntended to operate in a substantially vertical manner, essentially
conprises a conduit (area a) and a reaction area conprising a plurality of
conduits (area b), generally nade of 15 qgraphite. Area (a) is connected
at its upper part to a netering device which serves to supply the reactor

with fresh grapahes byhaelighki 6 hevealmbeiihe hp&amateoaﬁ?@&s%wﬁans
of a probe (not represented). 20 he upper part of the area (a)
is al so connected to an gkkeamiktgae del peobeksedOoin an alumina-coated
mixer until disappearance of the white particles of
alumina.
5 Tﬁe resulting paste is used to feed an
extruding press whose extrusion orifices have a
diameter of 3 mm. At the exit from these orifices, a
éutter cuts up the rods to a length of 6 mm.
The granules thus obtained, dried in a

10 ventilated oven at 150°C, (10.8 % weight-loss), have

the following weight composition:

~ alumina : 61.6 %
- carbon s 20.4 %
- resin : 17.5 %
15 - dispefsant s 0.5 %.

The crushing strength of the granules is
2.8 MPa and the attrition loss is equal t§ 2.2 %.

2 - The granulesg are used to feed
the continuously operating moving-bed reactor according

20 to Figure 1.

The reaction area is composed of four
rectilinear tubes of intermal diameter 110 mm hollowed
out of the graphité and inscribed in a circle of
diameter 300 mm. This set of tubes has a volume of

25 26.6 1.
The feed rate of the granules is 4.05 kg/h.
The reactor is fed at its lower part (c¢) with

nitrogen at a flow rate of 24 kg/h.
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represented), the said gases essentially consisting of excess N2 and CO
whi ch may be conveyed towards the base of an incineration kiln (not

represented). 25 The reaction area (b) is advantageously heated
by el ectromagnetic induction (1). The tenperature at the centre of the
reaction area i s advantageously neasured by neans of a t enper at ure probe

(2). The reaction area offluidmperdt e "B e external wall of the

reaction area (b) is 1450-1700°C, the residence time in
this area being approximately 7 hours.
The temperature of the graphite located at

5 the level of the centre axis of the reaction area,
measured by means of the probe (2), is of the same
order to magnitude as that of the external wall {(in a
given horizontal plane). The temperature difference
between the external wall and the centre of a conduit

10 is less than 50°C. -

Upon exiting the area (c),lthe cooled
carbonitrided granules are removed at a rate of
2.3 kg/h (which corresponds to 2.0 kg/h of 100 %
aluminium nitride).

15 Under these conditions, the productivity of
the reactor is equal to 0.075 kg of 100 % aluminium
nitride per hour and per litre of reaction area.

3 - The granules are taken up and spread out
on Inconel trays in a layer of approximately i cm in

20 thickness and are then loaded into an electrically
heated discontinucus kiln, the temperature being
maintained uniform at 650°C +/- 5°C by circulation of
air. This temperature is maintained for 8 hours. The
weight loss is approximately 15 %.

25 After this treatment, the residual free
carbon content is less than 700 ppm, the oxygen content
not exceeding 1 %.

The aluminium nitride thus obtained is
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i dentical or different, and the nunber of which is generally between 2 and
12, may have a cross-section of 5 regular or arbitrary shape. By way of
exanpl es of a regular shape, circles, ellipses, annuli, right or
curvilinear polygons, either regular or nfg-regular, and the geonetrical
shapes having an axis of symetry (Figure 2) may be nentioned. Conduits

having a CrossSz. S | | h - . Th
conduits may bglég%énggggﬁ??%%ﬁ§§égEiﬁgﬁﬁuﬁgfaiégy8%§£?gge%ﬁgg?ggctioﬁ

area. The conduiL$ear §i88Neidktymasranged uniformy such that, for exanple,
the centre of each conduit is located on a

The average size of the final aluminium

nitride particles is 1 pgm and the B.E.T. specific
5 surface area of this aluminium nitride is 4 m/g.

Example 2 (Comparative)

The procedure is carried out under the same
conditions as Example 1 and in the presence of the
reactor of Figure 1 which is modified so that the

10 - reaction area consists of a single tube having an
internal diameﬁer of 300 mm and a volume of 45.5 1.

The feed rate of the granules is 4.2 kg/h.

The reactor is fed at its lower part (c) with
nitrogen at a flow rate of 16 kg/h.

15 The residence time in the reaction area is
approximately 12 hours.

For a given horizontal plane, a temperature
difference between the external wall of the reaction
area and the centre of the conduit is measured to be

20 greater than 200°C.

Upon exiting the area (c), the cooled
carbonitrided granules are removed at a rate of
2.40 kg/h {(which corresponds to 2.04 kg/h of 100 %
aluminium nitride).

25 Under these conditions, the productivity of
the reactor is equal to 0.0412 kg of 100 % aluminium
nitride per hour and per litre of reaction area.

The average size of the final aluminium
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15 circle or several concentric circles whose origin is the centre of the

reactor or by nesting the conduits within each other (Figure 2). The

conduits are preferably arranged such that the centre of each conduit is

| ocated on a circle whose originis the20 centre of the reactor. The

space between the conduits consists of a heat-conducting material. By way

of exanple, gf a@,%a & And. | yhdendmuays bg, Fendpanesh . Preferably,
se

t he same nateria _ as 25 that which forns the conduits, this
generally congistidd fed'éPNiHEE aluminium nitride is 3.5 m*/g.
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rea (c) is advantageously extended by a shell of

The | ower part of a
ﬁ ﬁ onprising a nitrogen feed and the | ower end of

st ocorifl m,wﬁ@

t hi s shel ¥l ed vol ume-netering device allow ng extraction of
the granules with lew to their continupys weighing. 5 In the
process in accordance with the invention, the area (a) of the reactor as
descri bed Claims

1. Procese for the continuous preparation

of aluminium nitride by a carbonitriding reaction
starting from alumina, carbon and nitrogen,

5 characterized in that the reaction is carried out in a
moving-bed reactor whose reaction area is composed of a
plurality of conduits linked together by a heat-
conducting material.

2. Process according to Claim 1,

io0 characterized in that the conduits, which may be
identical or different, have a cross-section of regular
shape.

3. Process according to Claim 2,
characterized in that the regular shape is chosen from

15 circles, ellipses, annuli, right or curvilinear
polygons, either regular or non-regular, and
geometrical shapes having an axis of symmetry.

4. Process according to either of Claims 2
and 3, characterized in that the shape is circular.

20 5. Process according to one of Claims 1 to
4, characterized in that the conduits are arranged
uniformly inside the reaction area.

6. Process according to Clainm 5,
characterized in that the conduits are arranged such

25 that their centre is located on one or more concentric
circles whose origin is the centre of the reactor.

7. Process according to Claim 5,

characterized in that the conduits are nested within
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above is c j i ed by neans of granul es obtained by shaping a
paste consﬂﬁ"ﬂﬁﬁ“%umﬁﬂpe of alum na and carbon and advant ageously,
especi al | L0 Ok tD facilitate the preparation of this paste, of a
bi nder which may possibly serve as a conplsenmentary raw material (s) carrier.
Bi nder is understood here to refer to any product which inparts to the
granul es a necdwdh astthebh strength conpatible with the process according
to the invention. CGenerally, this mechanical strength is determ ned by
measuring the crushing €t.rength amtddms=satdadaxdimg dss.one of

Claims 1 to 7, characterized in that alumina and
carbon, combined with a binder, are employed in the
5 form of granules having a crushing strength of between

0.2 and 3 MPa and an attrition loss of lesgs than 15 %.
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When a bi nder consisting of a thernosetting 20 resin capabl e of
generating carbon during its pyrolysis is used, the anounts of carbon and
resin are adjusted so as to inpart to the granules at the same tine
sufficient porosity and sufficient meghfyygale strength. Carbon bl ack
provides the pore volune 25 favourable to f%e rate of carbonitriding and

the resin binds the granmesinvidiftidierrasaidd N £ dh By Piagegqusl y be
chosen from phenol -formal dehyde resins in aqueous
for the preparation of aluminium nitride by the
carbonitriding of alumina.
According to this process, the reaction,
which employs alumina, carbon and nitrogen, is carried

out in a moving-bed reactor characterized in that the

reaction area has a plurality of conduits.
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As regards the alumna, a high-purity alum na should be chosen and a
parti.cle size of the sanme order of magnitude as that of the black is
recommended. For the preparation of the paste (and of the granules) and 15
for reasons of honobgeneity, it may be advantageous to nake use of a

di spersant, for exanple of the type %ggfrising an amonium salt of a
polyacrylic acid. In the preparation the granules, a total- carbon
anount is generally enployed, that is to say 20 carbon as it is and
carbon generated by the thernosetting resin equal to or greater than the
stoi chionetry of the carbonitriding reaction

This Sheet Has Been Repl

I

FIGURE 2



REPLACEMENT S5 ’?) 1 N f3t4..0

(CA[err]{ er] this exc®#s may re?ch 100 % and is preferab‘fy
between 0 angd 50 % 25 } i These feed gl/anul es have a c'f‘ushl ng
strength gener @% YARiREen; 0, 2 and 3 HPa (maasu[fd according to the "Bul'k
Crushing Stréngth" - Shell{nethod) and an attrition |oss genera’lly | ess ™~
than 15 % {Thi's 8 attritipn |l oss isimeasured according to the nethod
whi ch consiists.in. jintroducing 25 g of granules into a ishiag

PROCESS FOR THE CONTINUOQUS PREPARATION OF ALUMINIUM

NITRIDE BY CARBO NITRIDATION OF ALUMINA IN A MOVING BED

10

15

20

25

REACTOR

The subject of the invention is a continuous
ISrocess for the preparation of aluminium nitride by the
carbonitriding of alumina using a moﬁing-bed reactor.

Processes are known for the continuous

preparation of aluminium nitride which use a moving-bed

reactor.

In WO 92/16467, it has been proposed to carry
out the carbonitriding reaction of alumina in a moving-
bed reactor operating with a constant £iiling rate
corrésponding i:o 65-95 % of the useful volume of the
reactor. This process makes it possible to prepare
between 0.5 and 0.8 kg of aluminium nitride granules
per hour.

In European Patent Application 0,519,806 it
has been proposed to use a methodical reactor operating
at a constant £illing rate, the length/internal
diameter ratio ¢of which isg generally between 5 and 20.
This process makes it possible to prepare 2.42 kg of
aluminium nitrié.e granules per hour.

The major drawback of these technologies
resldes in the fact that the productivity of this type
of reactor remains limited.

One of the ways of increasing the
productivity congists in increasing the production of
aluminium nitride while keeping the volume of the
reactor constant. This éenerally results in a

heterogeneous product, due mainly to an incomplete



closed cylindrical netal tube (internal dianmeter 36 mm Iength 305 my, ‘in
fixing the said tube to a rotating 5 support in suc a way that the,
rotation axis of the support passes through the niddl ¢ of theuienth of t he
tube. After treatment for one hour at a speed of 25 rpm_the solids .

obt ai ned are scfaat dddEnkerehftsoncen), and the fihpes are recovered 'and
wei ghed. 10 The "attrition loss is expressed-by-the. .

relationship: A %= P2 AnbRBeRlwhy vHi CHoreasing the product;v;ty‘
consists in decreasing the volume of the reactor while
keeping the production constant. Such a volume
5 reduction has the advantage of comserving both a high
production and a high homogeneity of the product.

A new process has now been found for the
preparation. of aluminium nitride by carbonitriding
alumina which makes it possible to achieve a high

10 productivity while using a reactor of low volume, this
process being characterized in that .the reaction
between the alumina, carbon and nitrogen is carried out
in - a moving-bed reactor whose reaction area hae-a
plurality of conduits.

15 The expression "moving-bed" is used here in
its conventional sense, namely, that it denotes a
reactor of piston-£flow type. |

Reaction area is understood here to refer to
the area of the reactor having a temperature compatible

20 with the reaction for carbonitriding alum;na, this
temperature being generally between 1350 and 2000°C,

In the process in accordance with the
invention, a moving-bed reactor operating at a constant
£illing rate, with a homogeneous and constant residence

25 time of the reactants and with percolation of the
charge under conditions which ensure a homogeneoue
composition of the gas phase around each particle at a

given level and intense heat exchanges and mass



15

initial

- A %represents the attrition loss - Pl rgpRe&BEHIES EH:

The fresh granules are introduced into the 20 area (a) df ith 5" %ﬁ
|

their

| evel

i s mai ntai ned constant by neans of a probe | odatie n

ﬁe

wei ght of the granules - P2 represents the wei ght jofffiTes~ubtai ned

and

part of this area (not represented). Displacement of the gr dpu-es—conveys-
theminto the ‘@aRfians.i ding area (b) and then into the 2§ area (c

they are cool ed by the nltrogen feedi ng_the reactor.

10

15

20

25
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nstant filling rate may be cbtained by

means of a continuous extraction, for example by a
weighing or volumetric meter located at the base of the
moving bed, and by means of a piston-type flow of the
charge into a shell of constant cross-section.

Percolation of the charge with nitrogen is
advantageously performed in counter-current to the
solids and at high speed between the granules.

In the process according to the invention, a
reactor is used in which the reaction area is composed
of a plurality of conduits of low volume, which has two
.essential advantages.

On the one hand, this makes it possible to
reduce the energy costs resulting from heating, since
the heat transfer is improved.

On the other hand, this reduces-the amplitude
of the thermal gradient existing between the heat-
conducting material and the centre of each conduit.
This therefore results in a product of improved
homogeneity.

A reactor according to the process of the
invention is represented in the attached Figure 1,
purely as an illustration.

In this figure, the symbols marked a, b and c
correspond to the various areas of the reactor and
those marked 1 and 2 refer to the main accessories.

In the process in accordance with the



Cold granules are thus extracted, by means of the volune-netering device

| ocated at the base of the noving bed, which granules nmay contain an excess
of 9 carbon (AIN + C), the said granul es having a residual
[err]-Al[err]derr] content of |ess than $.5 %with respect to AN

(Toosurement CakeusihBul ol Sl (LR, Tia o R63° BTI0RIL™) O
by operating:

- ag a heater for the starting granules
{shaped starting materials) via fhe exhaust gases, that

s is to say as a heat exchanger (area a),

~ as a carbonitriding reactor (area b),

- ag a heater for the nitrogen entering the
feactor, by contact with the granules leaving the
reaction area of the kiln (area c).

10 The schematic reactor represented in
Figure 1, which is intended to operate in a
substantially vertical manner, essentially comprises a
conduit (area a) and a reaction area comprising a
plurality of conduits (area b), generally made of

15 graphite. |

Area {a) is connected at its upper part to a
metering device which serves to supply the reactor with
fresh granules, the £illing level being maintained
constant by means of a probe (not represented).

20 ' The upper part of the area (a) is also
connected to an exhaust gas collector (not
represented), the said gases essentially consisting of
excess N, and CO which may be conveyed towards the base

| of an incineration kiln (not represented).

25 The reaction area (b) is advantageously
heated by electromagnetic induction (1).

The temperature at the centre of the reaction

area is advantageocusly measured by means of a

SRR




tenperature not exceeding 700[err]C. The pure alumniumnitride is finally

deaggl onerated, for exanple in an air-jet mll advantageously equipped wth
a grinding chanber coated 10 wth elastomer, so as to prevent any

contam nation. The al um niumnitride powdé@r obtained by nmeans of the

i npl ementation of the process described above is provided in-the form of
particles wthtenpsratuge BroRepétheen 0.5 and 5 [err]m consisting of AN

15 with a residual [erg]-Al[fer err]_content.not eedi 0.5 % (by
wei ght with respect to 5%8°él§§55 .asﬁg%gP%Esédvﬁgce%%'e%eat | east
equal to 2 ”{e@hthi@QQ BQSEEEEXrent, and the number of which is

generally between 2 and 12, may have a cross-section of
5 regular or arbitrary shape. By way of examples of a
regular shape, circles, ellipses, annuli, right or
curvilinear polygons, either regular or non-regular,
and the geometrical shapes having an axis of symmetry
(Figure 2) may be mentioned. Condults having a cross-
10 section of circular shape are preferably-used.

The conduits may be arranged uniformly or
nqn-uniformly inside the reaction area. The conduits
are generally arranged uniformly such that, for
example, the centre of each conduit is located on a

15 circle or several concentric circles whose origin is
the centre of the reactor or by mnesting the conduits
within each other (Figure 2). The conduits are
preferably arranged such that the centre of each
conduit is located on a circle whose origin ié the

20 centre of the reactor.

The space between the conduits generally
congists of a heat-conducting material. By way of
example, graphite, tungsten and molybdenum may be
mentioned. Preferably, the same material ls used as

25 that which forms the conduits, this generally'
consisting of graphite.

The lower part of the area (c¢) is

advantageously extended by a shell of frustoconical
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reaching 5 nferr]/g. The invention is illustrated by the follow ng 20
exanpl es. Exanple 1 1 - 550 parts by weight of high-purity alumna, finely
ground (average grain size: 1 [err]m- ASTM C678 Standard; pore vol une:
0.76 cnferr]/g) are mixed 25 with 182 pé?ts by wei ght of acetyl ene bl ack

(average part) Chiod 2eoniodi LORUMLRY 200l U0 cfeOugOle Ll e 257
(approxi matel 'y éﬂl%mrﬁ&s@e‘&% adediea volume-metering device
allowing extraction of the granules with a view to
their continuous weighing.

5 In the process in accordance with the
invention, the area (a) of the reactor as described
above is continuously supplied by means of granules
obtained by shaping a paste consisting of a mixture of
alumina and carbon and advantageously, especially in

10 coxrder to facilitate the preparation of this paste, of a
binder which may possibly serve .as a complementary raw
material(s) carrier.

Binder is understood here to refer to. any
product which imparts to the granules a mechanical

15 strength compatible with the process according to the
invention. Generally, this mechanical strength is
determined by measuring the crushing stren.gth and the
attrition loss.

When a binder consisting of a thermosetting

20 resgin capable of generé.ting carbon dﬁring its pyrolysis
is used, the amounts of carbon and resin are adjusted
gso as to impart to the granules at the same time
sufficient porosity and sufficient mechanical strengtl;.

Carbon black provides the pore volume

25 favourable to the rate of carbonitriding and the resin
binds the granules.

The thermosetting resin may advantageously be

chosen from phenol-formaldehyde resins in aqueous



10 parts by weight of an anmmoni um pol yacryl ate di spersant. The m xture is
processed in an alum na-coated m xer until disappearance of the white

particles of alumna. 5 The resulting paste is used to feed an
extrudi ng press whose extrusion orifices have a diameter of 3 mm At the

SONCHRE SIS MR A IR RTCRESHUERE S A
may be used, such as epoxy, polyegter or polyimide.
resins.

The black may be chosen from a wide range of
5. carbon blacks, as long as the average particle diameter
of the black lies within the range of 0.5 to 10 um and
preferably 1 to 5 um and as long as their pore volume
is at least equal to 0.3 en’/g. .Acetylene black, whose
pore volume may reach 10 en’/g, will be mentioned in
10 particular, purely as a guide. ~
A regards the alumina, a high-purity alumina
should be chosen and a particle size of the same order
of magnitude as that of the black is recommende;i. For
the preparation of the paste (and of the granules} and
15 for reasons of homogeneity, it may be advantageous to
make uge of a dispersant, for example of the type
comprising an ammonium salt of a polyacryiic acid.
In the preparation of the granules, a total-
carbon amount is generally employed, that is to say
20 carbon as it is .and carbon generated by the
thermosetting resin equal to or greater than the
st;oichiometry of the carbonitriding reaction
(c/A1,0, ratio = 3): this excess may reach 100 % and is
preferably between 0 and 50 %.
25 These feed granules have a crushing strength
generally between 0.2 and 3 MPa {(measured according to
the "Bulk Crushing strenéth“ - Shell method) and an

attrition loss generally less than 15 %. This
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10 ventilated oven at 150[err]C, (10.8 % wei ght-1o0ss), have the follow ng
wei ght conposition: - alumna . 61.6 % - carbon . 20.4
% - resin . 17.5 % 15 ' - di spersant 0.5 %
The crushing strength of the granules is # 8 MPa and the attrition loss is

| to 2.2 % -: o N d J t ' I
equal to aécbn e %@Qukssm@ggﬁgag Oaaa?%&.gxg%ugcg SR dtigus| Y

oper ati ng novi ng-bed reactor accor e reaction area
I's conposed of «ifih consists in introducing 25 g of granules into a

clogsed cylindrical metal tube (internal diameter 36 mm,
length 305 mm), in fixing the said tube to a rotating
5 support in such a way that the rotation axis of the

support passes through the middle of the length of the
tube. After treatment £or one hour at a speed of
25 rpm, the solids obtained are screened (425 um
screen), and the fines are recovered and weighed.

10 The attrition loss is expressed by the

relationship:

AS%S = P2 x 100
Pl
in which:

15 - A % represents the attrition loss
- P1 fepresenté the initial weight of the
granules
- P2 repregents the weight of fines obtained
The fresh granules are introduced into the
20 area (a) of the reactor and their level is maintained
constant by means of a probe located in the upper part
of this area (not represented).
Displacement of the granules conveys them
into the carbonitriding area (b) and then into the
25 area {(c¢) where they are cooled by the nitrogen feeding
the reactor.
Cold granules are thus extracted, by means of
the volume-metering device located at the base of the

moving bed, which granules may contain an excess of



rectilinear tubes of internal dianeter 110 mm hol |l owed out of the graphite
and inséribed in a circle of dianmeter 300 mm This set of tubes has a

vol une of 25 26.6 1. The feed rate of tphe granules is 4.05 kg/h. The
reactor is fed at its |lower part (c) with™nitrogen at a flowrate of 24

KOS ool | BEBBRR AR, S0, BH 4k gebhul AP Labsaiae (%) 15
«~-Al1,0, content of less than 0.5 % with respect to ALN
{measurement carried out by X-ray diffraction}.

The excess carbon may be removed by

5 combustion in a gas containing oxygen, preferably at a
temperature not exceeding 700°C.

The pure aluminium nitride is finally
deagglomerated, for example in an air-jet mill
advantageously equipped with a grinding chamber coated

10 with elastomer, so as to prevent any contamination.

The aluminium nitride powder obtained by
means of the implementation of the process described
above is provided in the form of particles wit;h- an
average size between 0.5 and 5 um, consisting of ALN

15 with a residual o-Al,0, content not exceeding 0.5 % (by
weight with respect to AIN) and a B.E.T. specific
surface area at least equal to 2 m*/g and possibly
reaching 5 m*/g.

The invention is illustrated by the following

20 examples.

Example 1

1 - 550 parts by weight of high-purity
alumina, finely ground (average grain size: 1 um -
ASTM C678 Standard; pore volume: 0.76 cm’/g) are mixed

25 with 182 parts by weight of acetylene black (éverage
particle size: 2 to 3 pm; pore volume: 7.0 aw’/g), 257
parts by weight of phenol-formaldehyde resin in aqueous

solution (approximately 60 % concentration) and 11




this area being approximately 7 hours. The tenperature of the graphite

| ocated at 5 the level of the centre axis of the reaction area, neasured
by neans of the probe (2), is of the same order to nagnitude as that of the
external wall (in a gi ven horizontal pl ane}o The terrperature di fference

gg} \év(ra(ra]né hapg?(]t ”]{ful ng -t eigr ggg‘? ?ﬁ Hﬁ% couﬁeﬁgﬂgg{%{‘}#% gra uttggnare

renoved at a rate of 2.3 kfehniWhi.cB ¢8"peoRERASA! £n2afd ¥ﬁ£xﬂrﬁf cbidded
alum niumnitride). -

mixer until disappearance of the white particles of
alumina. |

5 Tﬁe resulting paste is used to feed an
extruding press whose extrusion orifices have a
diameter of 3 mm. At the exit from these orifices, a
éutter cuts up the rods to a length of 6 mm.

The granules thus obtained, dried in a
10 ventilated oven at 150°C, (10.8 % weight-loss), have

the following weight composition:

- alumina :t 61.6 %
- carbon : 20.4 %
- resin s 17.5 %
15 - dispefsant : 0.5 %,

The crushing strength of the granules is
2.8 MPa and the attrition loss is equal to 2.2 %.

2 - The granules are used to feed
the continuously operating moving-bed reactor according

20 to Figure 1.

The reaction area is composed of four
rectilinear tubes of internal diameter 110 mm hollowed
out of the graphité and inscribed in a circle of

| diameter 300 mm. This set of tubes has a volume of
25 26.6 1.
The feed rate of the granules is 4.05 kg/h.
The reactor is fed at its lower part (c) with

nitrogen at a flow rate of 24 kg/h.



15 Under these conditions, the productivity of the reactor is
equal to 0.075 kg of 100 % alum niumnitride per hour and per litre of
reaction area. 3 - The granul es are taken up and spread out on | nconel
trays in a layer of approximately 1 cm i+ 20 t hi ckness and are then

| oaded into an electrically,heated,discontjhuous, Ki t ratur

bei ng n;intained unifor?#ﬁ?tggﬁﬁfif rg[gg f%ﬁ Eﬁ?ﬁé}aﬂ%¥;1€§ﬁ%§ ) ThIS
temperature | $.oaekghal Bedal ¢b) 85B0MLS0- 1760 VE] 9&% foRidehPRamy Tt el y 15
Y% sI dua

After t reat ment, e re ree carbon content is
l ess than 700 tpR® at-be Bé!ﬂgnaﬁgﬂbﬁﬂﬁmtely 7 hours.

The temperature of the graphite located at
5 the level of the centre axis of the reaction area,
measured by means of the probe (2), is of the game
order to magnitude as that of the external wall (in a
given horizontal plane). The temperature difference
between the external wall and the centre of a conduit

10 is less than 50°C. -

Upon exiting the area {(c), the cooled
carbonitrided granules are removed at a rate of
2.3 kxg/h (which corresponds to 2.0 kg/h of 100 %
aluminium nitride).

15 Under these conditions, the productivity of
the reactor is equal to 0.075 kg of 100 % aluminium
nitride per hour and per litre of reactioﬁ area.

3 « The granules are taken up and spread out
on Inconel trays in a‘iayer of approximately i cm in

20 thickness and are then loaded into an electrically
heated discontinucusg kiln, the temperature being
maintained uniform at 650°C +/- 5°C by circulation of
air. This temperature is maintained for 8 hours. The
weight loss is approximately 15 %.

25 After this treatment, the residual free
carbon content is less than 700 ppm, the oxygen content
not exceeding 1 %.

The aluminium nitride thus obtained is

PES o Aprer e
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not exceeding 1 % The alum niumnitride thus obtained is 12 finally
deaggl onerated in an air-jet mll with walls coated with el astoner. The
average size of the final alumniumnitride particles is 1 [err]mand the
B.E.T. specific 5 surface area of this &&uniniumnitride is 4 nferr]/g.

Exanpl e 2 (Cbnp%&%%&xg)deagglomerated in an air-jet mill with walls

coated with elastomer.

The average size of the final aluminium

nitride particles is 1 gm and the B.E.T. specific
5 surface area of this aluminium nitride is 4 n’/g.

Example 2 (Comparative)

The procedure is carried out under the same
conditions as Example 1 and in the presence of the
reactor of Figure 1 which is modified so that the

10 -« reaction area consists of a single tube having an
internal diameﬁer of 300 mm and a volume of 49.5 l.

The feed rate of the granules is 4.2 kg/h.

The vreactor is fed at its lower part (c¢) with
nitrogen at a flow rate of 16 kg/h.

15 The residence time in the reaction area is
appréximately 12 hours.

For a given horizontal plane, a temperature
difference between the external wall of the reaction
area and the centre of the conduit is measured to be

20 greater than 200°C.

Upon exiting the area (c), the cooled
carbonitrided granules are removed at a rate of
2.40 kg/h (which corresponds to 2.04 kg/h of 100 %
aluminium nitride).

25 Under these conditions, the productivity of
the reactor is equal to 0.0412 kg of 100 % aluminium
nitride per hour and per litre of reaction area.

The average size of the final aluminium

B Ty —



The procedure is carried out under the sane conditions as Exanple 1 and in
the presence of the reactor of Figure 1 which is nodified so that the 10

reaction area consists of a single tube g}/i ng an internal dianeter of 300
mm and a volune of 49.5 1. The feed rate the granules is 4.2 kg/h. The

react or |sfeda slo part W|th ni e flow, fate of 16
kg/h. 15 i ‘I%aerVE ecfence ci]et(itr%e§c%it S'a 85’1 S

approxi mat el y g, BOUL Sar &Pl fgermm;&,ﬂm qim%,%euastgnne/gature
wal | of t

di fference between the externa reaction
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area and the centre of the conduit is neasured to be 20 greater than
ZOO[H Iamrjmgu ng the area (c), the cooled carbonitrided granules are
r eno EﬂuﬂZ 40 kg/ h (which corresponds to 2.04 kg/h of 100 %

al uni ni um i t fi dé) * 25 Under t¥ese conditions, the productivity

of the reactor is equal to 0.0412 kg of 0, % al um ni um n!tri de per hour
and per litre of reaction area. The aveﬁé§§g§¥ze of the final alum nium

1. Process for the continuocus preparation
of aluminium nitride by a carbonitriding reaction
starting from alumina, carbon and nitrogen,

5 characterized in that the reaction is carried out in a
moving-bed reactor whose reaction area is composed of a
plurality of conduits linked together by a heat-
conducting material.

2. Process according to Claim 1,

10 characterized in that the conduits, which may be
identical or different, have a cross-section of regular
shape.

3. Process according to Claim 2,
characterized in that the regular shape is chosen from

1S circles, ellipses, annuli, right or curvilinear
polygons, either regular or non-regular, and
geometrical shapes having an axis of symmétry.

4. Process according to either of Claims 2
and 3, characterized in that the shape is circular.

20 ' 5. Process according to one of Claims 1 to
4, characterized in that the conduits are arranged
uniformly inside the reaction area.

6. Process according to Claim 5,
characterized in that the conduits are arranged such

25 that their centre is located on one or more concentric
circles whose origin is the centre of the reactor.

7. Process according to Claim 5,

characterized in that the conduits are nested within

IR

?
i
This Sheet Has Been Replaced |
?
]
i
L



13 nitr
this al

SRR S

4 [err]mand the B.E. T.

3.5 nerr]/g.

14 d ains 1.

specific surface area of

Process for the

continuous prepardti dn of alumniumnitride by a carbonitriding reaction
characterized in that the

starting fromal um na,

each other.

8.

carbon and nitrog#h,

Procegs according to one of

Claimg 1 to 7, characterized in that alumina and

carbon, combined with a binder, are employed in the

5 form of granules having a crushing strength of between

0.2 and 3 MPa and an attrition loss of less than 15 %.

REFLATE

2% JAN 197




5 reaction is carried out in a noving-bed reactor whose reaction area is
conposed of a plurality of conduits, the space between the said conduits

consisting of a solid heat- conducting material. 2. Process according to
Claim1, 10 characterized in that th 6condui ts, which nay be identical or
different, have a cross-section of reg

ar shape. 3. Process according to
Claim2, characterized in that the regular shape is chosen from 15
circles, ellipses, HRESS rﬁ%}ﬁfﬂﬁr CONTRANUQYS, P AON OFt her regul ar or
non-r egul ar and*LUMINIUM 'NITRIDE BY CARBO NITRIDATION OF ALUMINA

IN A MOVING BED REACTOR

ABSTRACT

The invention relates to a continuous process
for the preparation of aluminium nitride by the

carbonitriding of alumina.
According to this process, the reaction,
which employs alumina, carbon and nitrogen, is carried

out in a moving-bed reactor characterized in that the

reaction area has a plurality of conduits.
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Pr ocess

in that the

Process according to

characterized

the conduits are arranged such
nore concentric circles whose

Process according to Caimb5,

i1y2hat
one or
7.

characterized in that the shape is circul ar
| ocat ed on

characterized
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centre
in that the conduits are nested within

shapes having an axis of symetry. 4.

is the centre of the reactor.

of Cainms 2 and 3,
Process according to one of Clains 1 to 4,

conduits are arranged uniformy inside the reaction area. 6.
that their
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15 each other. 8. Process according to one of Clains 1 to 7,
characterized in that alum na and carbon, conmbined with a binder, are
.enpl oyed in the formof granul es having a crushing strength of between 0.2
and 3 MPa and an attrition loss of |less than 15 %

212

ty

FIGURE 2
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15

20

25

temperature probe (2). w ity

The reaction area conduits, which may be
identical or different, and the nuwber of which is
generally between 2 and 12, may have a cross-section of
regular or arbitrary shape. By way of examples cf a
regular shape, circles, ellipses, annuli, right or
curvilinear polygons, either regular or non-regular,
and the geometrical shapes having an axis of symmetry
(Figure 2) may be mentioned. Conduits having a cross-
gection of circular shape are preferably-used.

The conduits may be arranged uniformly or
non-uniformly inside the reaction area. The conduits
are generally arranged uniformly such that, for
example, the centre of each conduit is located on a
circle or several concentric circles whosge origin is
the centre of the reactor or by nesting the conduits
within each other (Figure 2). The condults are
preferably arranged such that the centre of each
conduit is located on a circle whose origin ié the
centre of the reactor.

The space between the conduits
congists of a heat-conducting material. By way of
example, graphite, tungsten and molybdenum msy bhe
mentioned. Preferably, the same material is used as
that which forms the conduitse, this generally
congisting of graphite.

) The lower part of the area (c¢) is

advantageously extended by a shell of frustoconical
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14
Claims
1. Process for the continuocus preparation of
aluminium nitride by a carbonitriding reaction starting from
alumina, carbon and nitrogen, characterized in that the
reaction is carried out in a moving-bed reactor whose
reaction area is composed of a plurality of conduits, the
space between the said conduits consisting of a solid heat-
conducting material.
2. Process according to Claim 1,
characterized in that the conduits, which_may be
identical or different, have a cross-section of regular
shape.
3. Process according tc Claim 2,
characterized in that the regular shape is chosen from
circles, ellipses, annuli, right or curvilinear
polygons, either regular or non-regular, and
geometrical shapes having an axis of symmetry.
4. Process according to either of Claims 2
and 3, characterized in that the shape is circular.
S. Process according to one of Claims 1 to
4, characterized in that the conduits are arranged
uniformly inside the reaction area.
6. Process according to Claim 5,
characterized in that the conduits are arranged such
that their centre is located on one or more concentric
circles whose origin is the centre of the reactor.
7. Process according to Claim §,

characterized in that the condui

re nested within



