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Abstract

The calcination of gibbsite to alumina is the last major step in the Bayer process. Despite its commercial importance, little attention has
been given to determining the gibbsite thermal dehydration reaction pathway under conditions of relevance to this commercial process.
Results from this study show that, at the temperatures and high heating rates relevant to the Bayer plants, gibbsite dehydrates mainly via chi
alumina, which then reacts to gamma alumina, theta alumina and alpha alumina. Dehydration via boehmite is a minor reaction pathway.
Experimental results are also presented that indicate chi alumina can react to gamma alumina at low heating rates.

It was shown that the phase compositions of different refinery smelter-grade aluminas, formed in fluid-bed calciners (FBCs), could be
reproduced with laboratory-calcined aluminas by controlling the calcination time.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction rates (4700—15,00@ s~ 1). Yamada et af19] report yet an-
other pathway, in which gibbsite dehydrates predominately
The Bayer process is used for the preparation of aluminaVia chi alumina in a FBCRig. 2, main pathway). This chi
from bauxite ore and is of considerable commercial impor- alumina then reacts to pseudo-gamma alumina in a pathway
tance. An important intermediate step is the drying and cal- similar to that of Ingram-Jones et ]. However, Yamada
cination of the gibbsite precipitate to smelter-grade alumina et al.[19] did not detail how they characterised the materi-
(SGA), in either a rotary-kiln calciner (RKC) or a fluid-bed als, making it difficult to comment on the accuracy of their

calciner (FBC). quantification methodology. As shall be shown, quantifying
Reaction pathways for the dehydration of gibbsite are pre- the so-called transition aluminas requires some care.
sented irFig. 1 Wefers and Misrl4] report that the dehy- In this paper the gibbsite dehydration pathway, at condi-

dration reaction pathways and kinetics are affected by heat-tions relevant to the alumina industry, was determined by
ing rate, particle size and the water vapour pressure aroundstudying accurate phase composition data obtained at dif-
the particle. It is generally accepted that dehydration of gibb- ferent calcination times ranging from 8s to 300 min. An
site via boehmiteKig. 1b) is more likely to occur for larger ~ XRD-based method was developed to quantify the phases
gibbsite particles*$50um, e.g.[12,14]). Boehmite is not presentin various aluminas. This method simulates the XRD
expected to form in small particles, as the water is able to es-trace of the “unknown mixture” as the sum of the XRD traces
cape without a significant increase in internal pressure. Re-of the various “pure-phase” materials (i.e. boehmite, gamma
finery calciners contain significant water vapour, generated alumina, theta alumina, chi alumina, kappa alumina and al-
by the burning of fuel to provide heat and by the dehydration pha alumina). The parameters in the model, which include
of gibbsite, and it is expected that under these conditions phase concentrations, peak widtl#, &fset and XRD cor-
gibbsite dehydrates mainly via boehmite. rection factor, are determined by minimising the difference
However, Ingram-Jones et {] report an additional path-  between the observed and calculated patterns. The accuracy
way (Fig. 1c) whereby gibbsite dehydrates via chi alumina and sensitivity of the method are demonstrated.
and then to gamma alumina when subjected to high heating The relevance of the calcination procedure to the industrial
scale will be considered by comparing the phase composition
"+ Corresponding author. of the final (laboratory) product with that of SGA samples
E-mail addressdean.llievski@csiro.au (D. llievski). prepared using refinery (industrial-scale) calciners.
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Fig. 1. Reaction pathways for gibbsite dehydration to alumina (modified
from that in[14]). For calcination of small crystals<(LOpm) conducted

in dry air (pressure 101 kPa) pathway (a) reportedly operates while cal-
cination of large crystals (>1Q0m) conducted in wet air at pressures
in excess of latm reportedly operates by pathway (b). Pathway (c) is
reported to occur upon flash calcination of gibbg&g

2. Experimental procedure

2.1. Materials Fig. 3. SEM image of gibbsite used in this study.

A pseudo-radial gibbsite, similar in size and morphology pressure or heating rate. However, by using a small quan-
to that found in the Bayer plants, was used in the calcination tity of gibbsite, in a small nickel crucible, it was possible
studies. A scanning electron microscope image of a “typical” o achieve the rapid heating rates found to be necessary to

gibbsite grain is shown ifrig. 3. The median particle size  gjmulate the calcination process chemistry.
of this material is 9Jum, on a volume basis.

Refinery SGA samples were obtained from various re-
fineries around the world operating either rotary-kiln or flu-
idised bed calciners.

2.3. Phase quantification

XRD traces of the powdered samples (ground for 2min
in a Glenn Creston ball mill) were obtained on a Philips
2.2. Laboratory calcinations “XPERT" series diffractometer that operated at 30 mA and

40KkV and used Co K radiation. Scans were obtained over

Laboratory calcinations were conducted in a muffle fur- the 2 range 5-90 with a step size of 0.0226 and 1s per
nace. Two nickel crucibles, each containing 1 g of gibbsite, step. XRD traces of the external standard alumina samples
were placed directly in the furnace at 9. The furnace  were obtained in the same way within the same batch.
door was closed (time= 0) and the timer started (approxi- Quantitative analysis of the XRD trace used in-house soft-
mately 3 s after = 0—this time discrepancy was accounted ware, which models the contribution of the boehmite, and
for in all runs). The crucibles were removed from the fur- the chi, gamma, theta, kappa and alpha alumina phases to
nace at specific times (taking into account the time required the XRD trace and estimates the concentration of each phase
to remove the crucibles from the furnace) and the contentsin the alumina.
placed into a ceramic bowl. The bowl was then placed into  Pure-phase aluminas, or mixtures containing known
a desiccator and the contents cooled (approximately 5 min)amounts of impurities, were prepared by a number of meth-
before transferring the alumina to a sample vial. Calcina- ods (e.g[1,11,17,20). XRD traces were obtained of each
tions were conducted for times between 8 s and 300 min andmaterial and the pattern of the phase of interest determined
each run was conducted in duplicate. from this. The intensity of the XRD trace of a single alumina

The laboratory procedure is not intended to be a component was simulated as the combination of a number
small-scale physico-chemical model to simulate a refinery of Lorentzian peaks. The peak areas/widths and centroids
calciner. There was no direct control of the water vapour were obtained from the XRD traces of the phase of interest.

rho —» chi —> pseudo —»delta—> theta—>alpha
gibbsite < gamma main pathway

boehmite —» gamma—»delta—» theta—» alpha
minor pathway

Fig. 2. Alternate gibbsite dehydration pathway proposed by Yamada Et%lfor dehydration of gibbsite in a FBC.
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Changes to the peak widths account for changes in the size P
of the diffracting domain, while changes to the XRD cor- 6 —aT—
rection factor account for changes to the diffractometer tube | g e o

Cd
o

1 ratio— o2 ~

40 | H—Hﬁ ]

T

output (i.e. changes in the integrated XRD peak intensity
due to changes in the X-ray output). For a specific phase,
the contribution of that phase to the XRD trace was obtained
by summing the contributions of each major reflection from

that phase that occurred betweeh=25° and 90.

Actual concentration (wt %)

The concentration of alpha alumina in an alumina sample O  Boshmite
was also determined from the intensity of the alpha alumina — 20+ e+ @®  gamma alumina
(012) peak (3.48 ,5_\) in the XRD trace relative to that of = e
a pure alpha alumina standajt]. The XRD traces were e & chialumina
obtained over the@range 27-33using Co kx radiation, fer W "a’“""’“"“s‘;“m
0.02 26 per step, 2 s per step. 0"['; ' 20 ' 40 ' 60

S Calculated concentration (wt %)
2.4. Method validation

Fig. 4. Concentrations of boehmite, gamma alumina, chi alumina, theta
The accuracy of this technique was checked using syn- alumina, alpha alumina gnd an amorphoqs material (fumed silica). calcu-
thetic mixtures of pure alumina phases made up to a Imownlated from the XRD profiles, compared with the actual concentrations.
composition. The results iRig. 4 indicate good agreement
between the calculated and observed phase compositions. widths of the theta and alpha alumina. The effects are illus-
The sensitivity of the calculated phase concentrations to trated inFig. 5.
the software parameters was determined by deliberate vari- It is possible to obtain accurate values for most of these
ations on the XRD correction factor, and the relative peak software parameters and they will therefore have minimal
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Fig. 5. Influence of changes to: (a) the XRD correction factor, (b) and (c) theta alumina peak width and (d) alpha alumina peak width on the calculated
phase composition. The sample used to obtain this data was the gibbsite heated@f&7800 min that forms part of this overall study ((b) and (d))
or a synthetic standard ((a) and (c)).
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impact on the calculated phase compositions. However, it is 1004 @

difficult to determine the relative theta alumina peak width in ] \D

any sample, yet this parameter can influence the calculated < 804 R

concentrations of chi, gamma and theta alumirfag. (). SE gitibsits

Note, however, that theta alumina peak width can affect the =

calculated phase composition only if samples contain greater 2 o0 m|

than~20% theta alumina and unrealistic theta alumina width §

values are used in the refinemefig. Sb and c; the theta £ 40+

alumina width values should k€l for the samples examined §

in this paper). The theta width parameter will not, therefore, & 5. — : (ALO

affect the calculated phase composition for the initial stages & | boenmite” a\"

of the gibbsite dehydration. 8 e \' _ __.§--0AL0;-¥
A limitation of the method is that it does not allow for any T 10 20 30 50 70 100

variation in the XRD traces from those of the pure-phase
standards used. Thus, it is unable to accommodate changes
in the Crystal structure occurring between sampleS, such agFig. 6. Compositional changes upon laboratory calcination of gibbsite at
changes in the degree of preferred orientation or Changes in270°C. Error_bars refer“to theyer_]aximum/minimum concentr_ations of each
crystal structure with temperature. The latter could be im- Ehase. resulting from *errors” in the model parameters (i.e. calculated

X B . . y deliberately varying the XRD correction factor (Hy0.05), boehmite
portant if gamma alumina transforms to theta alumina in & peak width (by+0.2) and theta alumina peak width (H50.2) from the
displacement mechanism, in which the pores in gamma alu-“optimum” values, in a similar manner to that conductedFig. 5).
mina merge to reduce the stacking faults (as suggested by
Zhou and Snydej20]). In this mechanism, a gradual sharp-
ening and splitting of the diffraction pattern would be ex- 30% of the gibbsite is converted to boehmite. The majority
pected, which cannot be modelled using this current tech- of the gibbsite reacts via chi alumina and subsequently to
nique. gamma and theta aluminas in a pathway similar to that pro-

The current method, however, avoids the need for ac- posed by Ingram-Jones et §b]; see pathway c ifrig. 1
curate crystallographic models—the absence of a reliable There are some similarities with the pathway proposed by
crystal structure for chi alumina severely limits the use of Yamada et al[19], namely that chi alumina transforms to
Rietveld refinement of the XRD trace for quantifying chi gamma (pseudo-gamma) alumina. However, due to its very
alumina/gamma alumina mixtures. The current method also poor crystallinity it is difficult to determine if the rho alu-
avoids the difficulties in modelling peak anisotropy (i.e. vari- mina that Yamada et al. propose (d6g. 2) forms during
ation in peak widths withi{(k ) value). the initial dehydration stages at these conditions.
Results obtained at longer calcination times are shown in
Fig. 7. These indicate that gamma alumina, forming either

Calcination time (seconds)

3. Dehydration of gibbsite at 970°C from the boehmite or the chi alumina, subsequently reacts to
theta alumina (calcination times greater than 1 min) and then
3.1. Determination of gibbsite dehydration pathway to alpha alumina (calcination times greater than 60 min).

Minimal kappa alumina is present in these samples.

The measured phase compositions at various times over The presence of a diffraction peak occurring~a2.1 A
the first few minutes of calcination at 97Q are shown in (~50° 26 Co Ka) is diagnostic of chi aluming8,14]. The
Fig. 6. The results in this figure indicate that gibbsite reacts presence of a pronounced “hump” in the XRD trace of gibb-
to boehmite and these two phases are present for 8, 12, 15ite calcined for 30 sHig. 8a), at~50° 20 Co Ka, there-
or 22 s. Phases other than gibbsite or boehmite account forfore supports the presence of significant chi alumina in this
24 or 57% of the total materials present in samples after 15 sample.
or 22 s, respectively. This unaccounted—for material may An alternative—although unlikely—reaction pathway
consist of poorly crystalline chi or rho aluminas—it is diffi- is that gibbsite dehydrates via boehmite, and then via a
cult to accurately identify these materials when present with “distorted” gamma alumina, and that it is this phase which
gibbsite. fortuitously generates the peak in the XRD tracex&(°

The sample calcined at 97Q for 30 s consists mainly of 260 Co Ka. In the unlikely event that such a phase were to
chi alumina, with some boehmite and gamma alumina. The form, it should form from gibbsite or boehmite, especially
concentration of chi alumina decreases with increasing cal- since formation of such a phase from gibbsite would re-
cination time while the concentrations of gamma and theta quire gibbsite to react via boehmite. Since the XRD traces
aluminas increasd-{(g. 6). of boehmite calcined at 97@ for 30 or 45s contain no

The results inFig. 6 indicate some gibbsite reacts to significant peak ats50° 20 Co Ka (Fig. 8 and c¢), it is
boehmite, which then reacts to gamma and theta aluminas.unlikely that the pronounced hump at50° 26 Co Ka
However, even at the peak boehmite concentrations, less tharfFig. 8a) arises from anything other than chi alumina.
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Fig. 7. Phases forming upon laboratory calcination of gibbsite at@7&@nd for the times shown. Details are the same ad~fgr 6.

3.2. Sizes of the diffracting domains in the various
phases

Approximate crystallite sizes, or sizes of the ordering do-

rial SRM 660, lanthanum hexaboride, was used in this study
and the procedure outlined [i] used to determing. The
boehmite (020), (120) and (03 1) peaks, and the alpha alu-
mina (012), (104), (113), (024) and (116) peaks were

mains, of boehmite, gamma alumina and alpha alumina wereused in the determination of crystallite sizes for these ma-

determined by the application of the Scherrer formula

L 0.91
crystallite size= ——,
Bcoso
where2 is the diffraction wavelengthg the Bragg diffrac-
tion angle andB the pure diffraction breadth; sd&] for
more detail.8 may be obtained from the observed width of
the diffraction profile and the breadth of a line produced un-

terials. Gamma alumina contains a number of overlapping
peaks and the widths of the (220), (311) and (22 2) peaks
were obtained by deconvoluting a Lorentzian profile.

The diffraction peaks of the initial gibbsite sample display
mild anisotropy and the widths suggest diffracting domains
larger than 600 nm for th€0 0 I} reflections and larger than
100 nm for the otherh(kl) reflections. However, the SEM
image inFig. 3suggests large crystallites and itis uncertain if

der similar diffractometer conditions using a sample that has these XRD-derived values are real or artefacts resulting from

no size, defect or strain broadening. A National Institute of

the limitations in the accuracy of the XRD determination for

Standards and Technology (NIST) standard reference matelarge crystallites.
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Fig. 8. XRD traces of materials formed upon laboratory calcination af@7@a) gibbsite heated at 97C for 30 s. Pure boehmite heated at 9%0for:

(b) 30s and (c) 45s.
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The crystallite sizes of boehmite, present in the samplesrelative concentrations of chi and gamma aluminas. It is
obtained after 12, 15 or 22s calcination, are estimated to possible to alter the phase compositions of the laboratory
be (22 + 5) nm and do not vary withi(kl) reflection or samples by altering parameters such as the heating rate and
calcination time. calcination time. However, it is not realistic to expect a per-

The gamma alumina displays significant peak anisotropy fect match between the laboratory samples that are prepared
and the crystallite sizes estimated for the (22 0) and (31 1) batch-wise and the industrial samples that are prepared in
peaks are significantly smaller than that estimated for the continuous flow systems with undefined particle residence
(22 2) peaki(2+£ 0.3) nm versug 25+ 4) nm, respectively. time distributions.

The (222) and (220) reflections are dominated by scat- The similarities in the phase composition of the numerous
tering from the oxygen sublattice and the tetrahedral alu- laboratory- and refinery-prepared aluminas suggest—but do
minium sublattices, respectively, and the crystallite sizes are not prove—that the majority of the refinery SGA forms via
consistent with the relatively ordered oxygen sublattice, but the chi alumina pathway.

very disordered tetrahedral aluminium sublattice, proposed The phase compositions of some refinery SGAs, prepared
by Zhou and Snyd€dr0]. in a RKC, are shown ifrig. %, where they overlay the lab-

The peaks from the alpha alumina, which do not ap- oratory alumina with the same theta concentration. In con-
pear to vary with i kl) reflection or sample calcination trast to the FBC SGA results, there is no apparent match
time (60-300 min), are consistent with crystallite sizes of between the composition of the refinery RKC SGA and that
(90+ 30) nm. of laboratory-prepared alumina. This may be due to the rel-

atively complex residence time distribution in the RKCs.

4. Relevance Bayer refinery calcination
5. Gibbsite dehydration mechanism

It was not possible to obtain Bayer refinery aluminous
materials that had been calcined for the short time periods5.1. Dehydration of gibbsite to boehmite
(~305s) necessary to elucidate the gibbsite dehydration path-
way operating in commercial calciner systems. However, it  Itis generally accepted (e.f.2]) that hydrothermal con-
was postulated that if alumina prepared in the laboratory ditions favour formation of boehmite from gibbsite. This has
furnace is of the same phase composition as the industrialled to the hypothesis that boehmite forms in the hydrother-
SGA, then it is reasonable to assume that both formed by amal conditions expected to occur at the centre of gibbsite
similar dehydration reaction pathway. particles. Rouquerol et gl12] suggest that the presence of a

Fig. 9a attempts to match the phase compositions of SGA gibbsite “shell” hinders the escape of excess water. Forma-
formed in refinery FBCs with those of laboratory-calcined, tion of boehmite reportedly stops when the intracrystalline
corresponding refinery gibbsite. For each refinery SGA pressure lowers due to crack formati@nl2] or thinning of
sample, calcined in a FBC, it is possible to obtain a the gibbsite shell12].
laboratory-calcined alumina with a similar phase composi- Candela and Perlmutt¢2] examine the dehydration of
tion (Fig. 9a) by selecting a suitable calcination time. The gibbsite to boehmite at 175-206. The key features of
main discrepancy between the two sets of data is in thetheir model are: (i) gibbsite dehydrates to boehmite with
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Fig. 9. Comparison of the phase composition of refinery SGA (solid lines) and alumina prepared by calcining gibbsiteCa(d@gbed lines). (a) is
for refinery SGA prepared in a FBC while (b) is for refinery SGA prepared in a RKC. The labels above the data points indicate the refinery from which
the SGA samples were taken.
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generation of porosity and escape of water product to the with theta alumina. Examination of the XRD traces from
particle surface; (ii) dehydration of further gibbsite allows samples studied in this work indicate a gradual change in
for growth of these boehmite nuclei; and (iii) growth of the peak intensities/widths with increasing reaction time,
boehmite nuclei halts when the pores connecting various also suggesting that gamma alumina undergoes a displacive
boehmite nuclei become accessible to the particle surface. transformation to theta. However, further work is required
It is uncertain how, or where, gibbsite dehydrates to to confirm this.
boehmite in the laboratory system used in the current work.  Levin et al.[9] suggest the oxygen sublattice is generally
However, XRD data indicates a reduction in the crystallite unaffected by the gamma to theta alumina transformation
sizes in going from gibbsite to boehmite, but that there is and that the primary changes occurring in the gamma to theta
no significant variation in boehmite crystallite size for cal- transformation result from a redistribution of the aluminium
cination times between 8 and 30s. This suggests that thecations. This redistribution also increases the pore diameter
boehmite nuclei grow rapidly to the average crystallite size and decreases the resultant surface Eir8h
of (224 5) nm. Wen and Yen[15] report that theta alumina crystallites,
Candela and Perimuttf2] indicate that the reaction ofthe  of maximum size~20 nm, initially transform to alpha alu-
remaining gibbsite (i.e~85%) occurs at a slower rate. They mina crystallites of~17 nm size and that this occurs when
reported that the majority of the initially nucleated boehmite the solid contains~5% alpha alumina. These alpha alu-
growth zones in the gibbsite particles are no longer “active” mina nuclei then rapidly grow to alpha alumina crystallites
after 38% relative conversion to boehmite. The reduction in of 45-55nm in size. There is no evidence to suggest such a
gibbsite dehydration rate could result from the deactivation mechanism operates in our laboratory system, since the al-
of the boehmite nuclei through their being accessible to the pha alumina has crystallite sizes &0+ 30) nm for alpha
surface. It is uncertain whether this reduction in gibbsite de- alumina contents greater than 0.8 wt.% (i.e. reaction times
hydration rate kinetically favours formation of chi alumina, of 60 min or greater).
or if other factors are responsible for the formation of this  Kao and Wei[6] studied the transformation of theta alu-
phase under the conditions used in this study. mina to alpha alumina in the presence of alpha alumina
seed. They suggest the oxygen atoms “diffuse from the theta
5.2. Reaction of boehmite to gamma, theta and alpha matrix across the boundary during transformation to alpha
aluminas phase, and they generate vacancy clusters on the theta—alpha
interface”. Kao and Wei suggest diffusion of oxygen atoms
Wilson [16] proposes that the dehydration of boehmite in the alumina lattice should be the mechanism controlling
is controlled by a diffusion process acting perpendicular to the theta to alpha transformation.
the pores. In this process, protons are lost from between the
boehmite layers and the resulting interlayer sites are occu-5.3. Dehydration of gibbsite to chi alumina
pied by counterdiffusing Al cations. Such a mechanism is

consistent with the proposal of Zhou and Snyf0] that Kogure [8] studied dehydration of gibbsite in a trans-
the ordered oxygen sublattice remains intact during dehy- mission electron microscope (TEM) electron beam and re-
dration of boehmite to transition aluminas. ported that chi alumina formed as the gibbsite layers shift

The observation of a fine, lamellar (0 Q,Jjore system in laterally, moving slightly closer to each other to form a ran-
gamma alumina is consistent with the mechanism proposeddom close-packed arrangement of anions. The conditions in
by Wilson [16]. The slit-shaped pores in gamma alumina a TEM are different to those in a refinery calciner, but do
prepared by dehydration of boehmite ar@.8 nm wide[16] allow for rapid heating of the gibbsite.
while the pores forming upon dehydration of gibbsite are
reportedly~2-3 nm thick{14]. However, it should be noted ~ 5.4. Reactions of chi alumina
that the pore dimensions of the pore system depend on the
calcination conditions, e.g. water vapour pressure, and also The majority of references indicate that chi alumina re-
possibly on starting material. acts via kappa alumina (e.pt,14], and references therein;

Zhou and Snydef20] report gamma alumina, prepared [10,13]). However, the conditions used in these studies are
from boehmite, displays increasing tetragonal deforma- very different to those used in this study and also those in
tion and ultimately react to theta alumina upon heating at the refinery calciners, e.g. G§| used a slow heating rate
1000°C. of 1°Cmin~1; Mardilovich et al.[10] calcined for 5h at

These results, and the gradual sharpening and splittingvarious temperatures.
of the diffraction patterns as gamma alumina transforms to  When gibbsite is subjected to high heating rates, typically
theta alumina reported by Zhou and Sny¢20], suggest 4700-15,000C s~ 1, then there is evidence that chi alumina
gamma alumina undergoes a displacive transformation toreacts to gamma alumiri&]. Yamada et al[19] report chi
theta alumina and not a reconstructive transformation. In alumina reacts to pseudo-gamma alumina in a FBC, while
the former, the gamma alumina pores merge to reduce theKogure[8] reports chi alumina reacts to gamma or eta alu-
stacking faults while in the latter, gamma alumina coexists mina in a TEM.
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0 50 100 150 The dehydration of a refinery gibbsite has been studied
in a laboratory furnace at 97C. The variation in phase
composition with time indicates that the majority{0%) of
Fig. 10. Phases forming upon laboratory calcination, at°@70of the this gibbsite dehydrates via chi alumina and that significant
aluminous material containing significant (66%) chi alumina (solid lines). concentrations of chi alumina react to gamma alumina, and
Calcinations conducted using a heating regime similar to that employed then to theta and alpha aluminas. This mechanism is similar
in .Figs. 6 and 7Dashed Iine§ indicate the c'hange in cqmppsition Qf thg to that proposed by Ingram-Jones et [ and displays
(cgrlé\%gzﬁsrlr;asir;sv;hﬁ?igéllé)@nas formed during the calcination of gibbsite some similarities with the. pathv_vay proposed by Yamada
et al. [19], namely that chi alumina transforms to gamma
(pseudo-gamma) alumina.

Experiments conducted in this study examined the re- ~ The phase composition was determined for a number of
action of chi to gamma alumina by subjecting an alumi- refinery SGA samples. For each refinery SGA sample, cal-
nous material, containing significant (66%) chi alumina, to cined in a FBC, it is possible to obtain a laboratory-calcined
the same heating conditions as previously employed for the glumina with a similar phase composition. These similarities
gibbsite. This material was prepared by heating gibbsite syggest—but do not prove—that the majority of the refinery
from room temperature to 40C at 0.5°C min—'. Boehmite SGA forms via the chi alumina pathway.
is the other main phase present. The observed variation in - An aluminous material, containing significant (66%) chi
phase CompOSition of this material with calcination time a|umina, and g|bbs|te were Subjected to the same heating

Time at 970°C (seconds)

is similar to that observed with the gibbsite, seig. 10 conditions and the variation in phase compositions with time
and supports the postulate that relatively high heating rateswere observed to be similar, confirming that relatively high
favour reaction of chi alumina to gamma alumina. heating rates favour the reaction of chi alumina to gamma

However, there is also evidence to suggest that chi alu- glumina. Evidence was also presented showing that chi alu-

mina reacts to gamma alumina at lower heating rates. Al- mina can react to gamma alumina at lower heating rates.
though not explicitly stated by Gad], her data from the

decomposition of Alcoa C33 gibbsite requires either that chi
alumina reacts to gamma alumina or that the errors aSSOCi'Acknowledgements
ated with the phase composition data are larger than those
reported.

Further experiments using the chi alumina-rich material
described above, confirmed that chi alumina can react to
gamma alumina at relatively low heating rates. Heating this

. . L1
aluminous material from 400 to 700, at 0Gmin™* results Hydro, Billiton Aluminium, and Pechiney. Special thanks

I sty 0, i 0,
mh_a ||3r0(mct ﬁonssﬂnglof 51/0h ggmmata(lju:nma and 47|/° go to Steven Rosenberg of Worsley Alumina for his contri-
chi alumina. If no chi alumina had reacted to gamma alu- | vine to the project.

mina then heating the 32% boehmite/66% chi alumina start-
ing material should have yielded a mixture containing 29%
gamma alumina and 71% chi alumina.

In another experiment supporting the transformation of
chi alumina to gamma alumina at a slow heating rate, a
material consisting of 91% chi alumina and 9% boehmite,
prepared by heating Alcoa Hydral gibbsite from room tem-
perature to 400C at 0.5°C min~!, was heated from 400
to 700°C at Q'SOC min™*. Th_e prquCt ConSISteq of 33%_ [1] Determination of alpha alumina content by X-ray diffraction,
gamma alumina and 67% chi alumina. The starting material Australian Standard 2879, Part 3, Standards Australia, Sydney, NSW,
should have yielded a mixture containing 8% gamma alu- Australia, 1991.
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