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Pat ent Application 0, 266,927, the Japanese Appllq

British Patent Application 87.00208).-
proposed to carry out the reaction in a rotary Ki

DT rr%&; WY Eﬁga 98G

el E“ din9.0da ...

[ ?gﬁg%@ggﬁg do%ﬁgéed oAU
Dravipg(fja sPicd o b Jgpaged T
A@E*étél f OF P‘%%%'erp‘r et"tméed cemeeeas

Japanese Patent Applications 62.278109, 62.20030

DATES OF RESEYPT |-&.-has-atgow

been proposed to make alumniumnitride in a sha

KiTn having a stack of

travelling 15 buckets (see for exanple the European Patent Application

0,272,377y or fixed (Japanese Patent 1,290, 562).

These various technol ogi es

have a certain nunber of Theasobjlesct Of the dmsremticn timeyn kentinuods

common a capability of only a single limted production and limted
productivity sprogesise fner makdngohrlimpiviumhaiteddeoby itheal ways | ow. On the
ot'her hand, the products obtained are generally characterized by their

heterogenelty gaxbonifridingiofec adumdpabut i on in

the residence tinme of the

reactants in the kiln. This is particularly so for _the 2 rotary kiln and
for the fl8idized-bed re&¥P6e8888 axenfnown for making aluminium

nitride by the carbonitriding of alumina which employ a

fluidized-bed reactor (see for example European Patent

Application 0,266,927, the Japanese Application

63.297205 and the British Patent Application 87.00208).

10 It has also been proposed to carry out the

reaction in a rotary kiln (see for

example. the Japanese

Patent Applications 62.278109, 62.20030 and 61.74635).

It has also been proposed to make aluminium

nitride in a shaft kiln having a stack of travelling

15 buckets (see for example the European Patent

Application 0,272,377) or fiked (Japanese Patent

1,290,562).

These various technologies have a certain

number of drawbacks. On the one hand, they have in

20 common a capability of only a single limited production

and limited productivity since the

the reactors is always low.

working volume of

On the other hand, the products obtained are

generally characterized by their heterogeneity due to a

25 . wide distribution in the residence

reactants in the kiln. This is par

time of the

ticularly so for the
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-<continuously. It has been further proposed to carry out the reaction in a
cont+i nuously operating nethodical or 5 noving-bed reactor (see the European
Patent Application 0,519,806 and the Application WD 92/ 16467). These
processes make it possible to achieve a production close to one kil ogram
or indeed several kilogranms of alum nium nptride per hour. However, the
productivity 10 of these reactors remains low. It goes w thout saying

that these defirodey 96 B Cand e il | FL@IEE £ édibéd oF €ad o | sperratimped 10
i ncrease the productivity of the plant while at the sane tinme maintaining

both a high | evedntindduslysoducti on and a hi gh honpgeneity of the product.
The- i nvention therefore provides a novel process for continuously making
alumi niumnitride by the Xarkmmiheenli furtiex| pmoposed ts gaxye uth cilng
characterized in that the reaction is carried out in a 20 reactor whose
reacti on zone, xeagtion ip & eontinuzqusly opexating methedicahame surface
area/volune ratio of between 5 [ERR] and 150 [err]. Preferably, this ratio

i's between 50 [ReYingrRedreagtqr W?e%?iweb?@igam%tamjéﬂ‘%&n zone
g';r ﬁgni tﬁihgi Lga‘?céﬁ?ih@% ggn‘gléﬁﬁnprgp_t#%et %ﬁnﬁﬁé ﬁ%ﬁeé%%ﬁei Q‘Fﬁ?;%ei ng
el veen 1950 o 000 ke Lo RIS BSEARNETY pufBallali e e
close to one kilogram, or indeed several kilog;ams of
aluminium nitride per hour. However, the productivity
10 of these reactors remains low.
It goes wiéhout saying that these
deficiencies are unacceptable and that there is always
a need to increase the productivity of the plant while
at the same time maintaining both a high level.of
15 production ﬁnd a high homogeneity of the product.l
- The invention,therefo;e provides a novel
process for continuocusly making aluminium nitride by
the carbonitriding of alumina, this process being
characterized in that the reaction is carried out in a
20 reéctor whose reaction zone, consisting of at least one
conduit, has an exchange surface area/volume ratio of
between 5 m™ and 150 m'*. Preferably, this ratio is
between 10 nri and 50 m™.
By reaction zone is meant here that zone of
25 the reactor having a temperature compatibility with the
carbonitriding reaction of alumina, this temperature
generally being between 1350 and 2000°C.

By exchange surface area is meant here the
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-of the reaction zone. According to a first nmethod of inplenenting this

process, the reaction between alunina, carbon and 5

out in a react

is carried out

I npl enment ati on net hod,

consi sting of

in a noving-bed reactor. 1 In the first

I'n a substantially vertic e reactor ’is

by neans of 15ongﬁE“gS§FQ?EﬁiQ8ﬂer shaping a paste constituted by a
0

m xture of alum na an

nitrogen is carried
or operating continuously by successive charges. According to
another preferred nethod, the reaction between alum na, carbon and hitrogen

a reactor operating by successive charges is used,

a&rgg@a't ag8§ 3E' eh h&f,ﬁamit wagﬁfzggghgy _tﬁggsoahumwi? te,

I ntended to opera

fed

carbon and advant ageously, especially in order to

facilitate the conpoundi Rgc8kdihlyStBaat ¢irak ael&haée%fcmhb&emaa l'y of

acting as a conplenmentary rawmaterial (s) carrier. 2

i's meant here

strength conpatible with the process according to the invention.

@RYsPpeeuebsyhithd reRation! BetReed Alunitaj @ashon aad

y bi nder

Ceneral ly,

t hi s mechasi cahiskogent hsi eagetiednonedihy anreactiong opletatinghi ng strength

and the attrit
t her nosetting

ion loss. 25 When the binder is constituted by a

cestinuapabirebyf sycnesaivegchariges.during its pyrolysis,

t he

anounts of carbon and thernosetting resin are adjusted so as to inpart to

the granul es at 4 t heAsgprdinge touhpthem preferred methodif ithieent

10

reaction between alumina, carbon and nitrogen is
carried out in a moving-bed reactor.

In the first implementation method, a reactor

'operating by successive charges is used, consisting of

at least one straight conduit, generally made of

graphite, intended to operate in a substantially

- vertical mﬁhner. The reactor is fed by means of

15

20

25

granuiés obtainéd by shaping g.paste constituted by a
mixture of alumina and of carbon and advantageously,
especially in order to facilitate the compounding of
this paste, of a binder capable possibly of acting as a
complementary raw-material (s) cérfiér. |

By binder is meant here any product which
imparts to the granules a mechanical strength
compatiﬁle with the process aécording to the inventioﬁ.
Generally, this mechanical strength is determined by
measuring the crushing strength and the attrition loss.

When the binder is constituted by a
thermosetting re#in capable of generating carbon during
its pyrolysis, the amounts of carbon and thermosetting

resin are adjusted so as to impart to the granules at
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-mechani cal strength. Carbon bl ack provides the pore volunme favourable to
the rate of carboni triding and ‘the resin 5 binds the granules. The
IhernDsettlng resin may be advantageously chosen from phenol -fornal dehyde
resins in aqueous solution, but i't goes wi'thout saying that other resins
may be used, such as epoxy, polyester or pglyinide 10 resins. The bl ack
may be chosen froma w de range of carbon Blacks, as |ong as the average

di aneter of the,particles of black,li gs wi t hi,n the of, from0.5 to 10
[err] and pref BFE 5 tsb‘f lé‘ﬁ"] &’r?(fa?ni%rﬁ’i ‘%1 ¥R pore

vol une is at %%%\%ﬁgq_légll LRy tLerr] Purely by way of indication,
0s€e

acetyl ene bl ac ore uimé may reach 10 [err] may espeC|aIIy be

menti oned. As regards th%a%gg gg_facg: Eif%h/i@gd tohe I ddBd Fcakimy d be chosen

and a grain size of the sane or magni t ude as those of the black

i s recommended.gakduriallba eC @ ened rat el o '&Mﬂ:ﬁ%‘“ﬁgﬁaﬂ&%ﬁr Fagigs) and
for reasons of honobgeneity, it may be advantageous to nake use of a

di spersant 5 f obigvéd"he ghrahli@elsype conprising an ammonium salt of a
pol yacrylic acid. 25 I n the conpoundi ng. of the granules, a

total - carbon quantity i Thegetherhogetiyingy arbsirhatay dd advantagconnlys it
1s and carbon generated by the thernosetting resin equal to or greater than
t he 5 st 0i clvhesen Erom phenod-formalidéhyde emestingn ireagueous
solution, but it goes without saying that otﬁe: resins
may be used, such as epoxy, polyester or polyimide
10 resins. '

The black may be chosez‘x from a wide ra:n'ge of
carbon blacks, as long as the average diameter of the
particles of black lies within the range of from 0.5 to
10 pm and preferably from 1 t".o S pm and as long as

15 their pore volume is ét least equal to 0.3 em’/g. Purely
'by way of indication, acetylene black, whose pore
§olume may reach 10 cn®/g may especially be mentioned.

As regards the alumina, a high-purity alumina
should be chosen and a grain size of the same order of

20 magnitude as those of the black is recommended. For the
compounding of the paste (and of the granules)' and for
reasons of homogeneity, it may be advantageous to make
use of a dispersant, for example of the type comp:r:is:l.n_g
an ammonium salt of a polyacrylic acid.

- 25 : In the compounding of the Qranules, a total-
| carbon quantity is Qenerally employed, that is to say
carbon as it is and carbon generated by the

thermosetting resin equal to or greater than the
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-ratio = 3): this excess may reach 100% and is preferably between 0 and 50%
These feed granul es have a crushing strength 5 generally of between 0.2 and
3 [err] (measured according to the Bul k Crushing Strength” - Shell method)
and an attrition loss generally less than 15% This attrition loss is
measured according to the.nethod which consists in introducing 25 g of
granules into a closed 10 cylindrical netal tube (internal dianmeter 36

1 ength 305 g cnlitalletl el 16 Ualuloditief gl Qg YRgaLol N such @

way that the ro Ion axi the support passes-t t of the

| ength of the tr'é‘%‘ig Af &g, 1"“%“5’%45??‘% i it 1@0§sp g% 25 rpm 15

the solids obtai ned are screene Screen) the fines are

recovered and yaie#Hasdbii®etieedn 00RNPOSHY.S expressed by the rel ationship:
A %="(P2/P1) X 100 20 in which: - A % represents the attrition

|l oss; - Pl represents thahede ifdled\grahiulels havreladiuehing BErepigtasent s
t he melght of fines obtained. 25 Per col ati.on of t he charge by
nitrogen i $ adyenieraddyslof detweend Oh2 amd i3nMPas (measurell mkeoyding t he
bottom part of the conduit(s) of the reactor. The top part of the

condui t (s) of ttoe thea®Bulk CrfiahsingoiStarengthto -a Shedilf vedthod) and am | et
gases, the

attrition loss generally less than 15%. This attrition
loss is measured according to the method which consists
in introducing 25 g of granules into a closed
10 cylindrical metal tube (internal diameter 36 mm,
length 305 mm), in fixing the said tube to a rotating
support in such a way that the rotation axis of the
support passes through the middle of the length of the
tube. After 1 hour of treatment at a speed of 25 rpm,
15 the sqlids obtained are screened (425 pm screen), and
the fines are recoverea and weighed.
The attrition loss is expreesed by the:
relationships | |
A % = (P2/P1) x 100
20 . in which: |
| - A% represeﬁts the attrition loss;
- Pl represents the initial weight of the
granules;
- P2 represenﬁs the weight of fines obtained.
25 | fercolation of tﬁe charge by nitrogen is
advantageously achieved by continuous inlet of the gas
at the bottom part of the conduit(s) of the reactor.

The tdp part 6f the conduit(s) of the reactor
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.sai d gases essentially consisting of COand [err] in excess, it being
possible for these to be directed towards the base of an incineration
furnace. 5 After a sufficient reaction time for the
carbanitriding reaction to .be conplete, granules, which nay contain an
excess of carbon (AIN + C), are recoveredcafter cooling, the said granules
having a residual [err] content generally |less than 0.5%wth 10 respect

to AN (measuregeabnfightbdr8Uh Bindes £bf1LRG! bREYor PHAELY, Dy Of

indication, this reaction time can vary from The excess

carbon may be 5£{8Veds8¥ &8BBHELALYY! SoRsfdeingNbRi BONEn@NJIYH preferably
at a 15 tenperature not exceeding 700[err]C. ~The pure alumniumnitride

is finally deaggées®| aiedbeify psasibEe folNtRbse) €6 Pél difgyBedageously
equi pped with a grinding chanber coated with el astoner, so as to prevent
any cont am nattoward® the base of dhcinéimerationi faurnagc@owder obt ai ned by
virtue of the inplenentation of the process described hereinabove is in the
formof paBticles of aveAfigersazsubfitbenteredctiomdtiméefot, thensi sting of
AIN with a residual gerr] content not exceeding 0.5% (by weight 25 wth
respect to Al Nrarhenitsidingereactionrtacke seompletes agrgnuleseadhicghual to
2 [err] and possibly reaching 5-nferr]/g. According to the second, -
preferably usc®Y contatnhgn, exaesp ot carben afANJaNEL, VTR the invention
i's ' . .
recovered after cooling, the said granules having a
residual a-Al,0, content generally less than 0.5% with
10 respect to AlN (meas'u:ement: carried out by X-ray
diffraction). Purely by way of indication, this
reaction time can vary from 0.5 to 25 hours.
The excess carbon may be removed by
combustion ij.n a gas containing oxygen, preferably at a
15 temperai:ure not exceeding 700°C..
" The pure aluminium nitride is finaliy
deagglomerated, for example in an air-jet mill
advantageously equipped with a grinding c¢hamber coat.ed
with elastomer, so as to pre;rex'xt any contamination.
20 The aluminium nitride powder obtained by
virtue of the implementation of the process described
hereinabove is in the form of particles of average size
of between 0.5 and 5 um, consisting of AIN with a
residual o-Al,0, content not exceeding 0.5% (by weight
25 with respect to AIN) and a BET specific surface area
generally aé least equal to 2 m*/g and possibly reaching
5 m/g.

According to the second, preferably used,
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-inpl enented in a noving-bed reactor. The expression "noving bed" is used
here i.n its conventional sense, that. is to say that it 5 designates a
-réactor of the plug-flow type. Mire precisely, the reaction between

al um na, carbon and nitrogen is carried out in a noving-bed reactor
operating at a constant filling rate, w thga honbgeneous and constant
resi dence tine of the 10 reactants and wth percol ati on of the charge

under condi t i OnfeHid ithe BYRAHE S £E0ERERES WDER { e URtSvdich a»und
each particle at a given level and intense nass transfer and heat exchange.

In this processimpldndiyed di o indviigsbéd® déactomy be obtai ned by
continuous extraction, for exanple by a weight-netering or volune-netering
devi ce | ocated at the basthedfestgresmiom Fireeinagrised™ plagusedchddeoirof the
charge in a shell of constant cross-section. In the process in accordance
with the 20 iiteminventdohaihsenas, tthat e o sancthat dtsen, the

| atter provides-at |east the functions: - of heating the starting granul es
(shaped ra® natdesignates)a meagtkar @f |the plueg-£floMttyrei o say of ‘a heat
exchanger, 25 - of a carbonitriding reactor, - of heating the
nitrogen entering the rediaxs REPUARLIEL the reaetirn ReEesn Aduminde hot

zone of the kiln. 8 The reactor general conprjses a sjngle
carbon and nitrogen is carriga OQP in a movin -bed

reactor operating at a constant filling rate, with a
homogeneous and constant residence time of the
10 reactants and with percolation of the charge under
conditions ensuring homogeneous composition of the gas
phase around each particle at a given level and intenée
mass transfer and heat éxcﬁange§
In this process, the constant £filling fate
15  may be obtained by continuous extraction, for example
by a weight-metering or volume-metering device located
at the base of ghe moving bed, and a plug-type flow of
the charge in-a shell of cbhstaﬁt cross-section. |
In the process in accordance with the
20 invention, and whatever the type of reactor chosen, the
latter provides at least the functions:
- of héating the starting granules (shaped
- raw materials), by the hot outlet gases, that is to say
of a heat exchanger, '
25 - of a carbonitriding reactor;
- of heating the nitrogen entering the
reactor by éontact with the granules leaving the hot

zone of the kiln.
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.conduit,-all or part of which constitutes the reaction zone. The
cross-section of the conduit-in the 5 reaction zone may have a regul ar or
arbitiary shape. By way of exanples of a regular shape, circles, ellipses,
annul i, right or curvilinear polygons, either regular or non-regular, and
t he geonetrical shapes having an axis of sgmmetry may be nentioned.
Preferentially, a 10 conduit having a cross-section of circular shape is.
used. The reaction zone Ihe ateartor|gshemlly reinpyiads corglingls eit her
identical or different, the cross-section of which nay have a shape as
defined 15 her slordwito. alderon pant of iwirichy reonsfrirutes the greciomiui ts,
these conduits may be uniformy or non- uniformy arranged inside the
reactor. GCener #89MR- t he conduits are uni formy arranged such that, for
exanple, 20 the centre of each conduit is |o ated op a cjircle or severa

concentric circles whose 118 ﬁ’???%‘ﬁ?f'et’c%t‘?fe e F "é’a LR ¥ by nesting
when this involves annuli of various siz ure Prefer tlaII t he
conduits a r‘%?r?d:gt? %tmat’ﬁ&e%tar Jﬁﬁégifgho’i?% Btat®™d on a
condui t & ‘gener A1 B8RRI IF £ poeEi At Mt G PR éﬁm&?“ "
exanpl es, grapirrfy) 4 U'l&%hq{‘ @%MW%&&B, either regular
or non-regular, and the geometrical shapes having an
axis of symmetry may be mentioned. Preferentially, a
10 conduit having a cross-section of circular shape is
used.
The reaction zone may also include a
plurality of conduits, either identical or different,
the cross-gection of which may have a shape as defined
15 hereinabove.
When the reaction zone comprises several
conduits, these conduits may be uniformly or non-
uniformly arranged inside the reactor. Generally, the
conduits are uniformly arranged such that, for example,
20 the centre of each conduit is located on a circle or
several cencéntric circles whose origin is the centre
of the reactor or by nesting when this involves annuli
of various sizes (Figure 1l). Preferentially, the
conduits are arranged so that the centre of each
25 conduit is located on a circle whose origin is the
centre of the reactor.
The space between the conduits generxally

consists of a heaﬁ-conducting material. By way of
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.nentioned.. Preferentially, the sanme material is used as that which forns
the conduits, this generally consisting of graphite. 5 When t he
.reaction zone is conposed of several conduits, the nitrogen-heating zone,
contiguous with the said reaction zone, nmay or nay not al so be constituted
only by a single conduit or nore generally,by a different nunber - of
conduits and/or by one or nore 10  conduits of different shape and/or

size. General | yuyabil o8Ot H2AHRI e, OtuhlB te®2k! rghay?ﬁ%gggpﬂa Ypa shell of

frustoconi cal shapé& conpiising a nitrogen fee ottofmend of this

shel | possessementionledd YobifeRenRianly] ¢0¢ elmel MAWerdalSis @Xehaql ON of
the granules with a viewto their contjinuous wei ghing. The | evel of the

fresh granul es than! whiehs Fyringctheg coh@uitac! ¢hiss geariralagst ant by means
of a sensor fixing the filling level, this sensor being 20 | ocated in the

top part of theonsisting olfcgiraphdaehoni trided granul es, by pursuing their
novenment towards the bottom part of the reactor, are progressively cool ed
by the conSi nuously inl eWhent thegemreatitdonolzéngr dsucompasede oifr aevedaly
virtue of 25 t he vol une-netering device defined herei nabove. Cold
granul es are tleendaitsactbe witzriogenTheatinon zenear bontiguons WALR + O,

the said granules having a residual [err] content of less -than 0.5%with
REPLACEMVENT SHEhe ggid reaction zone, may or may not also be

constituted only by a single conduit or more generally
by a differegt number of conduits and/or by one or more
10 conduits éf different shape and/or size.

Genérally, the boﬁtam part of the reactor is
extended-hy a shell of frustoconical shape comprising a
nitrogen feed and the bottom end of this shell
possesses a sealed volume-metering device allowing

15 extraction of the granules with a view to their
- continuous weighing.

The 1§ve1 of the fresh granules continuously
feeding the reactor is kept constant by means of a
sensor fixing the £illing level, this sensor Seiné

20 located in the top part of the reactor.

The hot carbonitrided granules, by pursuing
their movement towards the bbttqm part of the reactor,
are progressively cooled by the continuously inlet
nitrogen. The cold granules are extractéd by virtue of

25 the voluhe-metering device defined hereinabove.

Cold granules are thus extracted which can

contain a carbon excess (A1N + C), the said granules

having a residual «-Al,0, content of less than 0.5% with
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.respect to AIN (nmeasurenent carried out by X-ray diffraction). The excess
carbon. may be renpved by conbustion in a gas containi ng oxygen, preferably
.at a 5 tenperature not exceeding 700[err]C. The pure aluminiumnitride is
finally deaggl onerated, for exanple in an air-jet m || advantageously

equi pped with a grinding chanber coated wijtgh el astoner, so as to prevent
any contam nation. 10 The alumniumnitride powder obtained by

virtue of the i B} 20N OfmddbuRinRGRS A3 Rk §Jakove is in the
formof particles of average size of between 0.5 and 5 [err], "consisting of

AIN with a resi@ddrdeildn)cont ent not exceeding 0.5% (by weight 15 wth
respect to AIN) and a BET specific surface area at |east equal to 2 [err]
and possi bly reaching 5 [The lexcess icarbun ay bed |deusived &¥ by t he

foll owi ng exanples. Exanple 1 20 1 - 550 parts by weight of .

hi gh-purity al eombmstiliorelin gr gasl dontaiagag axyge,z prefqmablly atABTM C678
St andard: pore volume: 0.76 [err] is mxed with 182 parts by.wei ght of
acetyl ene i aclkempexetyreal @xeesding 7AW [err]: pore vol une:- 7.0
[err] 257 25 parts by melght of phenol - fornaldehyde resin_in aqueous

sol ution (apprOX| mat el y e iy pidrineg da £implA30 ght of an

:mmn;mcgg![ ggc Méagﬁme m{e l{e I S afro%%stse llln an
advantageously equipped with a grinding chamber coated
with elastomer, so as to prévent any contamination.

10 The aluminium nitride powder obtained by
virtue of the implementation of the process described
hereinabove is in the form of particles of average. size
of between 0.5 and 5 um, consisting of AlN with a
residual «-Al,0, content not exceeding 0.5% (by weight

15 with respect to AiN) and a BET specific surface area at
least equal to 2 m*/g and possibly reaching 5 m*/g.

The invention is illustrated by the following
examples. |
Example 1

20 , R 550 parts by weight of h:.gh-purity
alumina, flnely ground (average grain size: 1 um -
ASTM C678 Standard: pore volume: 0.76 cm’/g) is ﬁxed '
with 182 parts by -weight of acetylene black (average
particle size: 2 to 3 pum: pore volume: 7.0 cen*/g), 257

25 parts by weight of phenél-formaldehyde resin in aquedus
solution (approximately.60§ concentration) and 11 parts
by weight of an ammonium polyacrylate dispersant.

The mixture is processed in an alumina-coated
Sttt
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. 0-3 MAR 1997 m xer until disappearance of the white particles of alum na.
The resulting paste is used to feed an extruding press whose extrusion
_orifices have a 5 diameter of 3 nm ‘At the exit fromthese orifices, a
cutter cuts up the rods to a length of 6 nm The granul es thus obtalned,
dried in a ventilated oven at 150[err]C (110. 8% wei ght | oss), have 't he
foll ow ng wei ght conposition: 10 - alum na © 61.6% -
car bon mixerznhtwb-dxsnppearance of the vilitéopazitiqbes af :
0.5% The crushing strength of the granules is 15 2.8 MPa and the
attrition | oss abumtpmd to 2.2% 2 - The granules are used to feed a
continuously operating fl ow ng-bed graphite reactor. The reactor is
constituted by a cylindriThe xeswhbing masteais wsedoke Heedtamrh has an

i nternal dianmeter of_20 300.mm this correspondl éhto an exchange surface

ar ea/ vol une raI?%FERHEH tRress vhqge eptryaiep roxktifes RAYR Mules is 4.2
kg/ h. The reactQr fed its m par th njitrogen a flowrate of
16 kg/ h. o5 dlameter ﬁ“ﬁe’ 3# "3?% {‘E\rl%e‘%&t"e‘??fé f#"%?s‘t He
reaction zone i 450- 170 [err reS|d hi s zone being
appr oxi mat el y ‘gultou’?s po"}P ']$<h§| ng I raég%’%% z%fne, e cold
The granules thus obtained, dried in a
ventilated oven at 150°C, (10.8% weight loss), have the

following weight composition:

10 - alumina : 61.6%
- carbon : 20.4%

- resin : 17.5%

dispersant : 0.5%.

The crushing strength of the granules is
- 15 2.8 MPa and the attrition loss is equal to 2.2%.
2 - The granules are used to feed a
continuously opgrating flowing-bed graphite reactor.
The reactor is constituted by a cylindrical conﬁuit,
the reaction zone of which has an internal diameter of
20 300 mh, thié correspondipg to an exchange surface
area/volume ratio equal to 13 m™ o |
The feed rate of the granules is 4.2 kg/h.
The reactor is fed at its bottom part with
nitrogen at a flow rate of 16 kg/h. |
25 The temperature of the extermal wall of the
reaction zone is 1450-1700°C, the residence time in
- this zone being approximhtely 12 hours.

Upon exiting the reaction zone, the cold
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12 onifrided granules are renpved at a rate of 2.40 kg/h (this
corresponding to 2.04 kg/h of 100% alum niumnitride). Under these
-conditions, the productivity of 5 the reactor is equal to 0.0412 kg of
100% al um niumnitride per hour and per litre of reaction zone. 3 - The
granul es are taken up and spread out on Ingpnel trays in a layer of
approximately 1 cmin thickness and are then | oaded into an electrically 10

heat ed di scont iduisniltidided REarRITRA HrE Sr&RbVEd Bt N atdiedd g#ni form at
650[err]C [err] 5[err]C by circulation of air. This tenperature is

mai nt ai ned for 28 40kgyh TdiwkicdtrdsiiondEndg s @i 0mtledsh loX 2%0sAfter this
treatment, the residual free 15 carbon content is |less than 700 ppm the
oxygen cont ent alatmisvdemediitgrid) .The al uminiumnitride thus obtained is
deaggl onerated in an air-jet mll with walls coated with el astoner. 20

The average size of the [iadex/theas adnditionsalthe produdtinity icf 1 [err]
and the BET specific surface area of this alumniumnitride is 4 [err].
Exanpl e 2 The dhdingasttorofisoeayiile te 4 L0442 ke PH R0 alunindym presence
of a reactor whose reaction zone consists, of four conduits of circular
cross-sect i on, BifEdde,fen honrs@rdrRy dihe? f (R9AStIORE@ASduit has a

diameter of 110 mm defining an %é%@%’lgees surface up and spread out

on Inconel trays in a layer of approximately 1 cm in
thickness and are then loaded into an electricélly

10 heated discontinuous kiln, the femperature being
maintained uniform at 650°C & 5°c-by circulation of
air. This temperature is maintained for 8 hours. The
weight.loss is approximately 12.5%. |

After this treatment, the residual free

15 carbon content is.less ghan 700 ppm, the oxygen éontent
not exceeding 1%.

" The aluminium nitride thus obtained is
deagglomerated in an air-jet mill with walle coated
with elastomer. | . .

20 . The average size of the particles of the
.final aluminium nitride is 1 ym and th; BET specific

surface area of this aluminium nitride is 4 m?/g.

Example 2
The conditions of Example 1 are éarried out
- 25 in the presence of a reactor whose reaction zone
consists of four conduits of circular cross-section,
inscribed in a 300 mm diameter circle. Each conduit has

a diameter of 110 mm, defining an exchange surface
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13 arealvolunme ratio equal to 36 [err]. The feed rate of the granules is
4.:05 kg/h. The reactor is fed at its bottompart with nitrogen having a
_fdlow'rate of 24 kg/h. 5 The residence time in the reaction zone
i's approximately 7 hours. Upon exiting the reaction zone, the cool ed
carbonitrided granules are renmpved at a rage of 2.3 kg/h (this
corresponding to 2.0 kg/h of 100% 10 alum niumnitride). Under these

condi tions, thgaggquihhglgﬁ B Egﬁa&eggtg@ st .equal to 0.075 kg of 100%
alun1n|un1n|tr| hour per - litre-of reaction zone. Exanple 3

(Conparative Exanple) 15qhe feed rateldF &hedgiratideal ibxanplse kiy/a.e
carried out in the presence of a graphite reactor whose.reaction zone
consists of a conduit of Thiel Giéladtory GuS£edC aitod thabotom giaateweithof 800
nmm this corresponding to an exchange surface area/volune ratio equal to 5
[err]. 20 nltrogenThavﬁhbragéﬂoheeatmamﬁ i2¢ Xg/bg/ h. The feed rate of
granules is 5 kg/h, this corresponding to 2. /'h of 100% al um ni um
nitride. Tise residence tiThe nesidencesddmen iPOItg-q Feasvion meRE W0 hours.

25 -Under these conditions, the productivity of the reactor is
equal to O. 007ﬂn?nﬂklmayhlm|ﬁﬂhﬂqmﬂ-n|tr|de per hour and per litre of

reaction zone. REPLACEMENT SHEET
. Upon exiting the reaction zone, the cooled

carbonitrided granules are removed at a rate of
2.3 kg/h (this corresponding to 2.0 kg/h of 100%
10 aluminium nitride). |
" Under these conditions, the productivity of
the reactor is equal to 0.075 kg of 100% aluminium
nitride per hour ﬁnd per litre of reaction zone.
Example 3 (Comparative Example
15 _ The conditions of Example 1 are carried out
in the presence of a graphite reactor whose reaction
zone consists of a conduit of circular cross-section
having a diameter of 800 mm, Ehis corresponding to an
exchange surface area/volumé ratio equal to 5 m™.
20 The nitrogen feed rate is 20 kg/h.
The'feed rate of granules is 5 kg/h, tﬁis
corresponding to 2.5 kg/h of lbo%'aluminium nitride.
The residence time in the reaction zone is
approximately 90 hours.

25 , Under these conditions, the productivity of
| ' the reactor is equal to 0.007 kg of 100% aluminium
nitride per hour and per litre of reaction zone.

: -
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- 03 MAR 1997 14 Exanple 4 The conditions of Exanple 1 are carried out, the
alumina carbonitriding taking place in the reaction zone of the reactor
.operating continuously by 5 successive charges. 45 kg of granules are

i ntroduced into the reaction zone of the reactor per sequence. The
tenperature of the external wall of the reggtion zone is 1500[err]C 10

The residence tinme in the reaction zone is.approximately 23 hours. Wen the

carboni triding reactioniékiﬁﬁggped, the granules are renoved and the

reaction zone is filled In with fresh granules. 15

During this removal -fillifge OpSAd) L 06ns OE CExARS1e BPREOXESRELEY &€, hour,
the tenperature of the external wall of the reaction zone is kept constant,

at approxi nmat el ¢hd SODueifd Ccakibeiel tii@ing Ceakihy OpTacé hin PtREurdadtion of 20
the reactor is.equal to 0.023 kg of 100% alum rniumnitride per hour and per

litre of reactisoneosf.the Beactdpceserdting ocdntimusuylyedyng al um ni um
nitride by a carbonitriding reaction starting from al um-na, carbon and

ni trogen, dhar asuecessiive clBargedat the. reaction is carried out in a
react or whose reaction zone, consisting of at |east one conduit, has an
surface areal/vol une rati o2®fkocoficagramuites are introduced into the

reaction zone of the reactor per sequence.
- The temperature of the external wall of the
reaction zone is 1500°C.

10 The residence time_in the reaction zone is
approximately 23 hours. _

When the carbonitriding reaction ié finished,
the granules are removed and the reaction zone is
filléd once again with fresh granules.

15 During thie removal-filling_operatién, which
lasts approximately one hour;.the temperature of the
external wall o: the reaction zone is kept constant, at
approximatelf 1500°cC. |
' ‘Under these conditions, the productivity of

20 the reactor is equal to 0.023 kg of 100% aluminium

nitride per hour and per litre of reaction zone.

-
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150 [err] 22: MDERsS adygruitng to Cailfngd, 4P'¢ chavbgtpnizey in that the
exchange surface ries from10 to 50 [err]. 3. Process
.according-to one of Clainms 1 and. 2, characterized in that the conduit has a

cross: section of im ;Hﬂ I ﬂm ]l!ﬁm circles, ellipses, 15 annuli, right
or curvilinear pol | ar gg non-regul ar, and geonetrical
shapes having an axis of syrretry "4, ess according to one of Jdaim 1
and 2, characterized in he al um na and carbon, 20 conbined with a
bi nder, are enployed in e tormof granules having a crushing strength of
between 0.2 and 3 MPa ang, an midddds Tox eohUinuduslymhkingd. Process
according to one of Clains 1 and 2, characterized in that a reactor
operating by Z8uminiocessitridehdnyyes carbepdtridingPreaetdonc ssaditiggt o one
of Clainms 1 and 2, characterlzed in that a noving-bed reactor i s used.
£rom almna, car on and nitrogen, characterized in

S that the reaction is carried out in a reactor whose
reaction zone, concistﬁ.ng of at 1eas-.f.‘ one conduit, has
an exchange surface area/volume ratio _.c£ between 5‘ and
150 m?. | |

2. Process acccrc:l.ng to Claim 1,
10 charaeterized in that the exchange surface area/volume
ratio varies from 10 to 50 m2, . .
3 . Process according to one of Claims 1 and
2, characterized in that the conduit has & cross- - '
sact:icn of a aha.pe chosen f.rcm circles ,. ellipses,
15 annuli, r:l.ght or curvi.linear polygcns, either rcgnlar

| or non-regular. and gconetri.cal s‘hapes havi.ng an -axis _

of sym_netry_., | '
| | .. 4. Prccess accord:l.ng to. one o£ c1ai.ns 1l and
2, characterircd in that the a.lun:lna and ca.rbcn, :
20 Jccm'bined with a binder. are emplcyed in t:he form o£

| granules hav:l.ng a crushing- strength of: bei:ween 0.2 and |

3 MPa and. an attrition loss lese than 15%.
S. - Process according to one of Claims 1 and
2, characterized in that a reactor operating by
25  successive chargcs is uded.
6. Process according to one of Claims 1 and

2, characterized in that a moving-bed reactor ie used.
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