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8. ALUMINA QUALITY

The papers in this section, and the recommended readings that follow, are a cross-section of
the physical and chemical properties that are of common interest to alumina producers, customers

in aluminum smelters and in downstream processing of metal products.

The definition of alumina quality has been ambiguous. Quality is sometimes more of a
perception and something that is “in the eye of the beholder.” Beyond this, consistency of the
smelter grade alumina (SGA) delivered to the smelter is of prime importance. But it is not all
SGA properties or measures of variability that can be easily defined on a Certificate of Analysis.
Such matters are in the realm of the literature and the technical papers that have been, and will be,

presented over the years, as we move forward.

The use of virgin SGA in dry-scrubbing was the primary driver for smelters to turn away from
floury to sandy SGA with a specific surface area typically ranging from 60—80 m2/gram, and much

lower Alpha content, resulting in a relatively higher rate of dissolution in the smelter electrolyte.

The particle size distribution and morphology of the hydrate particles is produced in precipitation,
while the chemical impurities of the hydrate are largely determined by the Bayer process subject
to the bauxite processed. The resulting particle size distribution of alumina correlates well with
flow ability of the alumina; however this is less so when it comes to the complex issue of alumina

dustiness.

The primary chemical impurities in SGA are Fe203, S102, Na20, and CaO. Specification
for the first two impurities is a result of metal customer requirements, while specification of the
latter two impurities is a result of smelter process requirements caused by formation of surplus
bath. Calcium and silica chemistry, as well as incorporation of Na2O into the hydrate particles
during precipitation are covered elsewhere in this book and its recommended readings. The minor
content of soluble soda is controlled by counter-current washing of the production hydrate with hot

condensate on the horizontal pan filters.

Control of the Fe2O03 impurity level in SGA has not attracted the same level of published
investigations as the other impurities mentioned above, but a few references can be found in the
recommended readings in Part 2: Bayer Process. Minor contamination with sulfur, vanadium, iron
and silica oxides of the SGA may take place during calcination, subject to the technology applied,
fuel type used and durability of the refractory lining.
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Given the above physical and chemical properties of the production hydrate, all other physical
properties as well as the mineral phases of the SGA are determined by the calcination technology
applied. This includes the particle size distribution of SGA, which to some extent, depending
on alumina particle strength, is subject to a certain amount of particle breakdown, or attrition,
taken place during calcination and subsequent downstream handling and transport en-route to the

smelters.

In the smelter itself, further change in the chemical impurities and particle size distribution of
SGA takes place during dry-scrubbing with SGA of the potroom off-gasses in the gas treatment

centers.

Benny E. Raahange
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1. Introduction
DEHYDRATION PRODUCTS OF GIBBSITE BY ROTALY KILN —

AND STATIONAL CALCINER
Hydrated aluminas change to D(—A1203 forming- transition aluminas via

various routes by the successive calcination.

. . Since Stumpf et al (1) reported the existence of several transition
K. Yamada, T. Harato, S. Hamano and K. Horinouchi

aluminas with different crystal structures, a variety of investigations

Sumitomo Aluminium Smelting Co., Ltd. have been reported with respect to their structures, the mechanisms and

Kikumoto Works, Niihama conditions of formation. Among the various hydrated aluminas, such as
Japan crystalline alumina monohydrates, crystalline alumina trihydrates and
amorphous alumina hydrates, gibbsite obtained by the Bayer process is
the most widely used alumina trihydrate.
Many reports have been presented on the dehydration process of

. . . . . gibbsite. Especially Brown et al (2) proposed two series of transi-
Gibbsite was dehydrated in a fluid calciner with suspension preheaters

(SPF) tion aluminas and studied the effect of the particle size of starting

material and that of the calcination atmosphere on the dehydration pro-
ducts. In their studies heating velocity was relatively low, that is
less than 100 °C/min.

Crystal forms of the dehydration products were determined and com-

Recently saving ener rocesses are very important in the Bayer
pared with those obtained by a conventional rotary kiln. ¥ B &P v P J

process and suspension type calciners or fluidized bed type calciners
with high thermal efficiency instead of a conventional rotary kiln have

. . . been developed. In these type calciners, heating velocity is very high
The former products were similar to those obtained by a suspension

X X 4 o and it achieves over 1000 °C/sec at near the dehydration temperature of
heater of lab scale whose heating velocity was of an order of 10 c/s.

ibbsite.
The latter products were similar to those calcined in an electric furnace. g
In this paper, the kinds and the properties of dehydration products
obtained by the rapid heating process are described in relation to the
. . . slowly heated dehydration products. And the rates of various aluminas
The surface area of products obtained by SPF is higher than that by

) to -phase transformation are also discussed.
the rotary kiln at a same d<—Al203 content.

i 2. Experimental
At a same surface area level, both products show the same reactivity £= SXPETUNGNLAS

with fluorine.

2.1 Raw material

Gibbsite was used for the starting material of the test. The mean
diameter of the gibbsite was 55~90 um. It contained 0.20 % of Na20,

0.02 % of 8102 and 0.01 % of Fe203.
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2.2 Procedure

Four types of apparatus were used for the calcination of gibbsite.
Two types (1), (2) were lab apparatus, and other two types (3), (4) were
plant equipments.

(1) Electric furnace (lab apparatus)

10 g of gibbsite was heated at 5 °C/min to 300~1300 °C, and soaked
for 2 hours.

(2) Rapid-heating apparatus (suspension heater, lab apparatus)

The apparatus was composed of a furnace, a gibbsite feeder, a heat-
ing zone (25 mm®  x 3000 mmL), a cyclone for separation. The furnace
was heated by LPG. The gas velocity in the heating zone was typically
6.9 Nm/sec. Gibbsite was supplied typically at the rate of 0.1 kg/Nm3.
The elevation rate of the temperature was estimated about 30000 °C/sec.
The residence time of gibbsite in the heating zone was less than 0.2 sec.

(3) Rotary kiln (plant equipment)

A conventional rotary kiln was used. The inlet temperature was

200~300 °C, and the outlet temperature was 1300~1400 o The residence
time of gibbsite was 2~3 h.

(4) Fluid calciner with suspension preheaters (SPF, plant equipment)

SPF (3) was used. The inlet temperature of the first preheater was
typically 40 °C, and the outlet temperature of the lost preheater was

1100~1200 °C. The residence time of gibbsite was approximately 2-~3
minutes, its exact measurement was not possible. The calcined gibbsite

was sampled from the nozzles attached to the under part of the SPF

cyclones.

3. Results and Discussions

3.1 Dehydration products by electric furnace

Dehydration products by an electric furnace were investigated in
order to compare with results of rapid-heating apparatus. The proper-
ties of dehydration products are shown in Table T.

As Brown has already reported, the transformation route of gibbsite

is as follows : (2)

X M
Gibbsite = s 0X-A1,0,

Boehmite

Yy—5&—4¢
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3.2 Dehydration products by rapid-heating apparatus

.
The properties of dehydration products are shown in Table II. E E 3 g g 5 i 5 Z g'?
N & 8 & 388388 & 3 Z
The pore volume distributions of them are shown in Fig. 1. These S 3 * i~
figures give the following results H
(1) The dehydration product contained only 5 % of boehmite (calcination & & & B oS & 4 a
53 888888~ g g
temp., 385 °C). 6 %
e
(2) The dehydration product did not contain boehmite or 'Y'—A1203. It 3 g
; : o o
was composed of about 80 % of X —A1203 and 20 % of P ——A1203. (calcination o 2 *IU G od S @ B e o
w9 a N o O D _ 3 o
temp., 520~705 °C) = N 5
o < © kel
(3) The dehydration product was composed of pseudo 7’—A1203 alone. = L | o
®© o o ; /%
(calcination temp., 1100 °C) o 2 = B < o oY G 0 6 - <
g oo S o o J O N b ® - o
In the case of rapid heating above 520 °C, gibbsite did not trans- 2 x = 2 @ A U "
~ ja)
form to boehmite, because of lack of hydrothermal conditions during heat- < :'> =8
= o]
ing. It is known that the transformation to boehmite occurs under @ 9 § s o SES
o = Nw Joc] [l X
hydrothermal conditions in gibbsite particel (4) (5), and gibbsite trans- oo © o © 0 o o N W o2 9
oD 0 o o
forms to P -Al_0. under vacuum heating conditions (6) (7). o 2]
s & & 5| m
The above experimental results suggest the following transformation n ow Ty 8
o) w3
route of gibbsite. o 0 © © © 0 O © o u S g a
5.5 2 | &
_— /(f’) pseudo ¥ — $ — f§ — Pt  High temp. v n . % %
Gibbsite o = 1 e £
T Pl Low temp. 5 3 58 <x383383383828 . &
ey ® e
Dehydration products by the rapid heating have high surface area, o
Q.
such as 300 mz/g, compared with dehydration products in an electric m
.
furnace. This high surface area is due to the large micro-pore volume hoo o3 BN o 28
° [0}
(radius < 20 A) shown as in Fig. 1. 5
®
— (=g
N O DO O O o O O = 3
z
3.3 Dehydration products by rotary kiln S o w 2
5
i
Next, we investigated the properties of calcined gibbsite sampled g
]
from different places of the rotary kiln, in order to clarify the trans- T 5 g
n
formation route in a plant equipment. The results are shown in Table e oW G S S’ ?)r
N | 0 o]
N N 2 O N O N - 0 5
III. IS U VI S & B S ¢ &
5
The samples at the inlet of the kiln (for example RK-1 and RK-2) g
contained 35~40 wt % of °¢—A1203. These high contents of 0(—A1203 were

caused by mixing of §{-Alp03 powders which were accompanied by combution

gas and recycled.
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Fig. 1 Pore size distribution of dehydration products.
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Fig. 2 Rate of X -Aly03 phase transformation of X,
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Observed boehmite content of sample RK-1 in Table III was 7 %, but cor-
. n w 9]
rected content obtained after subtraction of oc—A1203 was 10~20 %. This 33 E i
" " W N
value was the same as for the dehydration product in the electric furnace. 2 :
These experimental results indicate the following transformation E g 5 E
route of gibbsite as Brown proposed (2). o Q
g ¢
p 4 K a 9
Gibbsite = ™ x . A .
™\ Boehmite Y $ o — o -3 ©
] o o
1 3 =
] i o
(] | [0]
e [ H
3 Q O © N a o <
o & & & o ot .
o) <
9] 5
o o o
3 -
3.4 Dehydration products by SPF g E
=) = @ o1
o+ o [ o
- o o o & o ot
The properties of dehydration products by SPF are shown in Table IV. o 9
The samples analysed were sieved and fine ()(—Al203 powder (under 44 pm) 3 o e
g o O w © o o
was removed. cs> . g.
The results were as follows (‘3 Sr
o
(1) Boehmite content was less than 3 %. = o . h
o o
(2) K—-A1203 was not observe, even though X,—A1203 was present. % ?_x‘
(3) The sample of SPF 2 rehydrated easily in water at 100 °C. This fact 1 g
demonstrated the presence of P—A1203. g & o . E.
From these experimental results, it is concluded that the transform— = Vv ks
ation route in SPF is identified as that in rapid-heating apparatus. E g
/(main route) P — X—r pseudo Y—— §—— @ o] N o =
c O -
Gibbsite T~ g ° @ 35
Boehmite Fy = g 7]
Yy —&§—9 < %
=3 o
R
o
< i
H N O o RS\
w
b
3.5 Rates of rapid-heated dehydrates and the transition aluminas to g
0(—A1203 phase transformation @
o o o o x
The rates of X , T—A12 3 R600 and R1100 to 1"»—A1203 phase trans—
formation were measured in the electric furnace, as well as that of gibb-
site in the suspension heater. Experimental results are shown in Fig.2. S (’; N R
o -Al O3 phase transformation of these aluminas obeys zero-order

kinetics (E)—t(:k) at the initial stage of the reaction, but deviates in

the final stage (0£—A120 content X>0.6) as reported by Yanagida (8).

3
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The rate constant ( N—Alzo3

0.6 is shown in Eq.(1l) ~ Eq.(4) as a function of the reaction temperature,

T i(°K)

content/min) in the range of less than

x-n1,0, : k=10"""*% oxp (-143.7 x 10%/mT) (1)
Y -AL0, : k=1016-63 exp (=120.0 x 10°/RT) (2)
R600 s EelgteeRY exp (~84.3 x 10° RT) (3)
R1100 . k=1012-84 exp (-92.3 x 10> RT) (4)

Activation energies to ®-Al_O_ transformation are calculated to be

23
143.7, 120.0, 84.3 and 92.3 Kcal/mol for X , ¥ -Al_O R600 and R1100,

273’

respectively. The dehydration products by rapid heating have lower

activation energies than X or T—AIZOB. These lower activation energies
can be due to the highly defective crystal structure of the starting
material.

Usuallly alumina with ca. 20 wt % crystalization are used for alu-
minum smelting. Fig. 3 shows the relationship between the reaction
time to attain X=0.2 ( 06—A1203 20 %) and the reaction temperature.

The rate of gibbsite to &-Al_O, phase transformation in the suspen-

sion heaters is lO4 as high as thai if R600, which most easily transform-
es to Pe-phase in the electric furnace among other transition aluminas.
This is caused mainly from the steam produced by fuel combution and from
highly deformed crystal structure formed by instataneous dehydration.

The crystalization temperature of X -Al_O, at X=0.2 is 100~200 °C

23
higher than that of R600 or R1100, but that of 7’—A1203 is approximately

the same temperature for R600 or R1100.
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3.6 Properties of x-A1203 obtained by rapid-heating

As described above, the transition alumina obtained from gibbsite
heated rapidly differs from that heated slowly in the electric furnace in
its crystal structure. Hereafter, the relationship between surface area
and 6¢—A1203 content and reactivity with fluorine gas are shown.

(1) BET surface area

Fig. 4 shows the relationship between the surface area and 0(—A1203
content for aluminas obtained by four different calcination apparatus,
which are the electric furnace, rapid-heating apparatus, rotary kiln and
SPF.

Fig. 4 indicates that rapid heated alumina calcined in SPF gives
higher surface area at a same at—A1203 content as compared with those
calcined in the electric furnace or in the rotary kiln. Because the
rapid-heated product contains such transition aluminas as X, p or pseudo

)’—A1203 which have much higher surface areas than that of &K or 6 —A1203
which are contained in the rotary kiln product.

(2) Reactivity with fluorine gas

In aluminum smelting, it is desired for alumina to adsorb fluorine
containing gas. The results shown in Table V indicates that the reacti-
vity of alumina obtained by rapid heating with fluorine is approximately
twice as high as that of alumina obtained by the calcination in the rotary
kiln at the 0(—A1203 content of 20 %. At a same BET level, all aluminas

show the same reactivity with fluorine.

A different thermal decomposition process of gibbsite in SPF was
found compared with the process in a conventional rotary kiln.

The surface area of alumina obtained by SPF is higher than that by
the rotary kiln at a same ac—A1203 content.

At a same surface area level, both aluminas shown the same reactivity

with fluorine.
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