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Abstract. The essential technological parameters of alumina obtained by
calcination of hydrargillite are the habit, size and the structure of corundum ecry-
stals. Earlier studies have shown that mineralizing additions can lower -conside-
rably the temperature of phase conversions y — 8 — © — a-Al,O;.

The paper presents the results of investigations of the process of calcination
ol hydrargillite in the presence of chloride ions introduced as aluminium oxychlo-
ride, AIOCI - nH,O. The latter was selected as the most suitable mineralizer which
allows obtaining 98—100% conversion of hydrargillite into corundum already at
1523 K.

The resulting corundum crystals form as pseudomorphic aggregates that replace
hydrargillite grains and are characterized by close packing of the constituent grains.
The elementary crystals have a platytabular habit and are less than 3 um in size.
It has been found that the process of calcination presumably involves diffusion.

INTRODUCTION

According to Deren et al. (1975), experimental results of Evans indi-
cate that in a number of conversions hydrargillite — transient phases —
corundum, corundum forms at 1373—1473 K. Maczura et al. (1975) state
that a complete transition occurs at 1473—1573 K. However, to obtain
corundum crystals of 2 um in size, the required temperature amounts to
1773 K, and 1930 K is necessary to obtain crystals of 2.5 um.

Physical and chemical properties of aluminium hydroxide, as well as
the parameters of calcination process, determine the degree of conversion
into corundum, the size and shape of aggregates being formed, as well as
the dimensions and crystal habit of elementary grains in an aggregate.

Calcination of aluminium hydroxide applied in industrial processes
produces the so-called technical alumina in which corundum content
varies from 25 to 88% (Gibas, 1971). According to Clark and White (1950),
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e re-calcination process carried out to change the rest of alumina into
grundum requires;p much moredenergy .t}ﬁm s;lr;il; cgégl(;icé(r)lr; Olfnagir;é;
i roxide conducted under specially ¢ Ons. :
guegpélgﬁe the seeding and growth of corgndum cry.sttals, dlffc;e%“enj:dkn];df
of agents are used. They are introduc-fed into aluminium hy‘éom (1;‘ e
fore or during the process of calcination. Generally, to avol ccfcnlamé-
nation of the final product, alumina salts or salts M’}at decompose a sz ;
temperatures are added. TheN%fli&r)x formed during the decompositio
é ith aluminium (NH,F, 4Cl). Mo
reai\/ltsar\iv;tguthors (Hla\Eaé ;nd Matousek, 1979; Rutmar} et al.,hlgtdS) 11((;
port the strong mineralizing effect of ah_xmlmum fluoride ‘on the rgflx‘
of transformation: Al-hydroxide — transient phases — cmgndum. ditse
authors point out that aluminium fluoride added to hydroxide spee i%.up
the dehydration of hydroxide, decreases the temperature of COI’lV'EIlS;DOn
into corundum, and accelerates the corundum grystal growth. The nax}f oYv
range of temperatures (1173—1273 K) at wh1.ch the complete .tranbs or-
mation into corundum proceeds, hinders the size contl."vo} of gra1r}§ elmi
formed. Consequently, corundum mineralized by_alumlmum fluonc{e an !
manufactured on an industrial scale is charactel.“lzed by the 1argg scatter
of grain dimensions and large sizes of grains. It is feasible that fchls.bun(‘ie—
sirable scatter of grain dimensions is caused by hete}"ogengous distribution
of aluminium fluoride introduced into the process in solid state. : ;
Searching for a more convenient mineralizer, it was assumed that it
should be water-soluble, it should decompose at temperatures hlgherr th_an
the decomposition temperatures of hydrargillite apd should not c_rys'talhlze
during the drying process. After decomposition it should remain in the
amorphous state and change into corundum at as low tempera}tures as
possible. The homogeneity of mineralizer distribution .shogld.mﬂ_uence
the crystal habit and size of grains, as well as the grain dlStI‘lbl:lt.lon oi
the final product. The survey of data referring to the decomposition 0
aluminium salts and to their behaviour during the dehyd.ra.tlon process
has shown that those specific requirements are met by aluminium chloride
and aluminium polyoxychloride. i 4
According to Funaki and Shimuzu (1959), alurmmum chloride decom-
poses to an amorphous product at temperatures ranging from '773 to 973 K,
and this product changes into corundum during further heating y—>d—
— 0 — a- Al,Oy). In accordance with the given sequence, Stirland et al
(1958) have proved that the decomposition products of hydrated alumi-
nium chloride convert into corundum at 1373 K. Schifer et al. (1950)
and Ischerwood (1970) have shown that aluminium oxychloride behaves
in a similiar way during heating.
This paper presents results of studies of the mineralizing effect of
aluminium oxychloride on the conversion degree of hydroxide into co-
rundum and on the morphological structure of the obtained corundum.

EXPERIMENTAL MATERIAL

a. Aluminium hydroxide — Hungarian; X-ray techniques showed
hydrargillite content only.
b. Technical alumina — Hungarian; containing 40% of corundum.

c. Aluminium salt of AIOCI-nH,O group — obtained in the labora-
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tory. This preparation is characteristic for its conversion into vitreous
state during dehydration process, without losing re-solubility.

d. Corundum obtained from aluminium hydroxide mineralized with
aluminium fluoride; calcination temperature 1500K.

PREPARATION OF POWDERS
AND CALCINATION PROCESS

A}uyninium hydroxide and technical alumina have been wetted with
aluminium oxychloride. The samples with added mineralizer have been
subjected to heat treatment in a laboratory crucible furnace at 1523K.
Initial alumina hydroxide has been re-calcinated for comparison.

METHODS OF INVESTIGATIONS

The degree of conversion of the samples into corundum has been
determined by X-ray methods and by pycnometer measurements of
powder density. The specific surface area has been determined by Nel-
son’s and Eggertson’s methods. The mean equivalent diameter has been
calculated from measurements of the specific surface area and density,
as well as from the grain distribution evaluated by Andreasen’s method.
Solflhum and potassium contents have been determined spectrophotometri-
cally.

The crystal habit, the degree of aggregation and the shape of aggre-
gates have been determined with a JEOL scanning microscope.

RESULTS AND DISCUSSION

An analysis of the results (Table 1) indicates that at 1523K the intro-
duced addition allows obtaining a product that contains 98—100% of co-
rundum. The degree of conversion into corundum and the adequate den-
sity for the sample mineralized with aluminium oxychloride (3, iTabtil)
are similar to those in the sample mineralized with aluminium fluoride
(4, Tab. 1). The grain distribution, specific surface area and the calculated
equivalent diameters appear to be more interesting for the oxide mine-
ralized with oxychloride.

A comparison of the grain mean equivalent diameters calculated from
the specific surface areas and from the grain distribution indicates the
occurrence of aggregates in the samples. This is in agreement with micro-
scopic observations (Phot. 1—16).

It is worth noting that single calcination of aluminium hydroxide
without any additions gives a product similiar to one obtained by recal-
cination of technical alumina with a mineralizer in respect of the degree
of conversion, density and the specific surface area (2 and 6, Tab. 1).
This fact confirms the experimental results of Clark and White (1950),
who have found that an Al-oxide decreases its conversion capability into
corundum when the calcination process is not carried out in one stage.
It will be noticed that in comparison with the initial raw material, sodium
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Aol (2
Physicochemical properties of raw materials and calcinated products

Calculated | content of

Content | Specific | equivalent
: of Density | surface diameter
No Kind of samples SOALD; (kG/m?®) A ‘ 2 Na,0 | K.0
| %) (e e B G ()
\ (pm) | (pm)
1 | Aluminium hydroxide
(Phot. 1—3) 0 2341 7.4 0.34 5 0.132 | 0.007
9 | Aluminium hydroxide
calcinated at 1523 K 86—90 3909 6.77 0.22 1.5 0.124 | 0.003

3 | Sample 1 with addi-
tion of oxychloride,
calcinated at 1523 K
(Phot. 4—T7) 98 —100 3975 1.86 | 0.31 2.55 | 0.065 | 0.0023
4 | Aluminium hydroxide
mineralized with alu-
minium fluoride, cal-
cinated at 1500 K

(Phot. 14—16) ca 98 3974 1 ca2 |17 0.103 | 0.0021
5 | Technical alumina ;
(Phot. 10—13) ca 40 3678 237 0.068 not determined

6 | Sample 5 with oxy-
chloride added, calci-
nated at 1523 K 90—93 3914 7.63 0.2 143 not deter-
mined

*+ S — from specific surface area, A — by Andreasens method.

content in the sample mineralized with oxychloride decreases (1, 2 and 3,
Mabiid):

Microscopical observations reveal significant morphological differences
between the investigated samples. These differences concern not only the
shape and content of aggregates and the orientation of elementary grains
but also the size and degree of the growing crystals forming these aggre-
gates. The visible fractures and the large amount of small grains, either
randomly distributed at the surface or oriented in a more ordered manner
in the direction of the alumina hydroxide grain centre (Phot. 1—3), may
be the result of the conditions of preparation of the samples. The vacuum
conditions in the SEM chamber might have led to partial decomposition
of a grain when fractures could have enabled relaxation of the created
stresses.

In case of the samples mineralized with oxychloride (Phot. 4—T7,
10—13), the shape of aggregates, as well as the direction of elementary
grain orientation in an aggregate, is preserved. Plate-shaped grains are
indicative of the diffusive mechanism of calcination of corundum seeds
after the hydroxide grain decomposition in layers. The pseudomorphic
nature of the aggregates reduces the dispersion of elementary grain di-
mensions in an aggregate.
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Notlceable changes in the aggregate shapes, the crystal habit of their
grains, as well as their mutual orientation, occur in the oxide mineralized
with al}lmmi‘um fluoride (Phot. 14—16). They are characterized by the
ar'lgulaltlty of grain shapes, much larger sizes and the scatter of grain
dimensions when compared with grains formed in the presence of alumi-
nium oxychloride. The crystal habit of those grains resembles that of

crystals formed during crystallization from solutions and alloys of low
viscosity.

SUMMARY

The above investigations have shown the positive influence of mine-
ralizing water-soluble additions containing chloride ions on the uniform
growth of corundum crystals formed as pseudomorphic aggregates which
replace the crystals of initial hydrargillite.

The application of the above-mentioned mineralizer allows obtaining
90—100% conversion of hydrargillite into corundum already at 1530K.

Average sizes of the elementary crystal grains in an aggregate amount
to 3 um.
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Leokadia KUCHARSKA, Andrzej SZYMANSKI

WPLYW JONOW CHLORKOWYCH NA WZROST KRYSZTALOW
KORUNDU PODCZAS KALCYNACJI HYDRARGILLITU

Streszczenie

Istotnym parametrem technologicznym tlenku glinu otrzymywanego
przez kalcynacje fazy hydrargillitowej jest pokrdj, rozmiary i struktura
krysztaléw korundu a-Al,O,. Stwierdzono we wczesniejszych badaniach,
ze dodatki mineralizujace moga znacznie obnizy¢ temperature przeksztal-
cen fazowych y — § — © — 0-Al,O;.

W pracy przedstawiono wyniki badan procesu kalcynacji hydrargillitu
w obecno$ci jonoéw chlorkowych wprowadzanych pod postacia tlenochlor-
ku glinu AIOCI - nH,0 wytypowanego jako mnajbardziej przydatny mine-
ralizator, pozwalajacy juz w temperaturze 1523 K uzyska¢ 98—100%
przeksztalcen hydrargillitu w korund. Otrzymywane Kkrysztaly korundu
powstajg jako pseudomorficzne agregaty zastepujace ziarna hydrargillitu
i charakteryzujg sie gestym upakowaniem krysztalow wchodzacych w
sklad agregatu. Elementarne krysztaly skladowe majg pokroj plytkowy
i wielkos¢ << 3 um. Stwierdzono prawdopodobienstwo dyfuzyjnego mecha-
nizmu procesu kalcynacji.

OBJASNIENIA FOTOGRAFII

Plansza 1

Fot. 1—3. Ziarna wodorotlenku glinu uzyskanego w procesie Bayera:
1 — mono- i polikrysztaly Al(OH);, SEM, 200X,
2 — monokrysztal AI(OH); o pokroju heksagonalnym, SEM, 1000 X,
3 — budowa agregatowa pojedynczego ziarna Al(OH); SEM, 10000X

Plansza II

Fot. 4—7. Agregaty krysztalow korundu uzyskanych przy zastosowaniu tlenochlor-
ku glinu jako mineralizatora:
— agregatowe ziarna korundu, SEM, 200X,
— budowa agregatowa, SEM, 2000X,
pokroj poszczegblnych ziarmn w agregacie, SEM, ~ 1300 X%,
— pokro6j poszczegélnych ziarn w agregacie, SEM, = 13 000X

[ O W
|

Plansza IIT
Fot. 8—9. Ziarna krystaliczne technicznego tlenku glinu «-Al,0;, SEM:

8 — 200X,
9 — 20000X
Plansza IV
Fot. 10—13. Techniczny o-Al,Os otrzymany przy zastosowani 1 i
jako mineralizatora: P HenochigrE sl
10 — mono- i polikrysztaly a-Al,0; SEM, 200X,
11 — budowa agregatowa o-Al,O;, SEM, 1000 X,
12 — budowa agregatowa | do osi agregatu, SEM, 20 000X
13 — budowa agregatowa // do osi agregatu, SEM, 10 000X
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Plansza V

Fot. 14—16. Agregaty krysztaléw korundu otrzymanych ‘przy zastosowaniu AlF;
jako mineralizatora:
14 — budowa sferyczna agregatéw, SEM, 200X,
15 — pokréj pojedynczych ziarn krystalicznych w agregacie, SEM, 2000°X,
16 — pokro6j pojedynczych ziarn krystalicznych w agregacie, SEM, 10 000 X

Jleoxaous KYXAPCKA, Andaceii INTUMAHBECKU

BJIMAHUE XJIOPUJTHBIX MUOHOB HA BO3PACTAHUE
KPUCTAJIJIOB KOPYHIIA IIPU KAJBIVHAIIUU
T'UIPAPTMJIJIMTA

Pe3womMme

BaskHBIM TEeXHOJOIMYECKMM IIapaMeTpOM OKMCK aJTIOMMHUA IOJIydae-
MOTO TOCPEJCTBOM KaTbIVHAIMM IUAPAPIUIIUTOBON (ha3bl ABJIAETCA ra-
fuTyc, pasMepbl M CTPYKTypa KpPUCTaIIOB KopyHAa a-Al,Os. Ilpeasimy-
IIMMY MICCTIe/IOBAHUSAMY KOHCTATMPOBAHO, YTO MMHEPAIM3YIOIe J00aBKM
MOTYT 3HAUYUTEJbHO IOHM3UTH TeMIepaTypy (a3oBbIX Ipeobpa3oBaHNMIA
y—>0—>0—0-Al,0;.

B pa6ore npencTaBlIeHbl pe3yIbTaThl MCCIeJ0BaHMIA IpoLecca KajbLiu-
HalMM TUAPAPTUJIINTA B IPUCYTCTBUM XJIOPUIAHBIX MOHOB, KOTOPbIE BBOASAT-
ca B Buge AlOCI'nH,0; mn3bpaHHOro Kak Hambojiee NMPUTOAHBIA MUHEpa-
JMU3aTOp, MO3BOJIAIOLIMIT yKe Hpy Temmeparype 1523 K moayuuts 98—
100% mpeobpa3oBaHMA IMAPAPTMAILINTA B KOPYHA.

Tlosry4aeMble KpUCTAIIbl KOPYHAA 00pa3ylorca Kak IceBAoMopdudec-
Kye arperaThbl 3aMellalollye 3epHa IMAPapruilinTa ¥ XapaKTepu3yrTCs
IJIOTHOJ yTIaKOBOJ KPMUCTAJJIOB BXOJAAIIMX B COCTaB arperara. ODJeMeH-
TapHBbIE COCTABHBIE KPUCTAIIbl MMEIOT IMINTIATBi TabuTyc U pa3Mepbl
3 um. KoHcratMpoBaHO IpaBjononobue Anddy3UMOHHOIO MeXaHM3Ma IpO-
Iecca KaJbIVHAIIIN.

OB'bACHEHUA CHUMMKOB

ITnanuer I

®or. 1—3. 3epHa IMAPOOKMCYU AMIOMMHMA IOJYyYEHHOW B Ipolecce Barepa:
1 — mono- u nmoamgpucraiiel Al(OH);, SEM, 200X,
2 — monokpucrann Al(OH); rekcaronanbnoro raburyca SEM, 1000X,
3 — arperaTHoe cTpoeHue oauHOUHOro 3epHa Al(OH)s, SEM, 10 000X

Ilnanurer II

Por. 4—7 ArperaThbl KPMUCTAJJI0B KOPYHKa IIOJIYY€HHbIE IIPU IPUMEHEHUN AlOCI'nH,O
KaK MMHepaam3aropa:
4 — arperaTHble 3epHa KopyHza, SEM, 200X,
5 — arperaruoe crpoenue, SEM, 2000 X,
6 — raburyc oTHeNBHBIX 3epeH B arperare, SEM, a2 1300X,
7 — raburyc OoTAeNbHBIX 3epen B arperare, SEM, s 13 000X
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PLATE I
dot. 8—9. Kpncraamrieckme 3€pHA TeXHMUECKOM OKMeM: asjoMuums a-Al:Oy SEM:

8 — 200X, 9 — 20000X

IInannrer IV

Por. 10—13. Texumueckuit a-AlO; [OJIyYeHHBIM TIPM IPUMEHEeHNUN AMCI'nH;O xax
MMHEpaIM3aTopa:
10 — MoHo- ¥ IoMKpyeTaIbl ¢-AlOs, SEM 200X,
11 — arperamsoe crpoenye a-Al:O;, SEM 1000 X,
12 — arperaTHoe crtpoenye | K ocu arperara, SEM, 20 000X,
13 — arperatnoe crpoenne Il k ocu arperara, SEM, 10 000X

[Maanwer V

dor. 14—16. ArperaThl KPMUCTAJJIOB KOPYHJA IOJYy4YE€HHBIX IIPA npumenenvm  AlFy
KaK MuHepaamus3aTopa
14 — ccepuyeckoe CTpoeHyue arperaros, SEM, 200X,
15 — raburyc OTAEeNbHBIX KPMCTAJIMIECKMX 3epey B arperare, SEM, 2000X,
16 — raburyc OTAEIBHBIX KPMUCTAJJIMYECKMX 3epeH B arperare, SEM, 10 000X

12)alo%5, 1l

Phot. 2 Phot. 3

Phots. 1—3. Aluminium hydroxide grains from Bayer process:
1 — mono- and polycrystals of Al(OH);, SEM, 200X, 2 — monocrystal of Al(OH); with hexa-
gonal habit, SEM, 1000X, 3 — aggregate composition of Al(OH)js single grain, SEM, 10 000X

Leokadia KUCHARSKA, Andrzej SZYMANSKI — Influence of chloride ions on
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PLATE II MINERAL. POL. VOL. 12. No 1 — 1981 PLATE III
1 — 1981

MINERAL. POL. VOL. 12. No

e

Phot. 4 Phot. 5

Phot. 8

Phots. 8—9. Crystal grains of technical alumina «-Al;O3, SEM:
8 — 200X, 9 — 20 000X

Phots. 4—7. Aggregates of corundum crystals mineralized with aluminium oXy-
chloride:

’
4 — aggregate grains of corundum, SEM, 200X, 5 — aggregate structure, SEM 2000X, 6 —
crystal habit of elementary grains in an aggregate, SEM, ~ 1300X, 7 — crystal habit of ele-

mentary grains in an aggregate, SEM, ~ 13 000X
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PLATE IV

MINERAL, POL. VOL. 12, No 1 — 1981 MINERAL. POL. VOL, 12. No 1 — 1981 PLATE V

Phot. 10

Phot. 12
Phot. 15 Phot. 16

Phots. 10—13. Technical alumina «-Al,0O; mineralized with aluminium oxychloride: :
10 — mono- and polycrystals of a-Al,O,, SEM, 200X, 11 — aggregate structure of «a-Al,Oy, Phots. 14—16. Aggregates of corundum crystals mineralized with AlFj: :
SEM, 1000%, 12 — aggregate structure | to aggregate  axis, SEM, 20000X, 13 — aggregate 14 — spherical structure of aggregates, SEM, 200X, 15 — crystal habit of elementary grains

grniciure to aggregate axis, SEM, 10 000X in an aggregate, SEM, 2000X, 16 — crystal habit of elementary grains in an aggregate, SEM,

10 000X
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