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Studies on recrystallised aluminium hydroxide precipitates
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Introduction ;

Amorphous colloidal aluminium hydroxide
precipitates and their recrystallisation products
have been studied by many workers; generally,
the amorphous gels recrystallise in dilute aqueous
alkaline solution to pseudo-boehmites and then
to bayerites and/or gibbsites of sub-microscopic
particle size (1, 2, 3, 4). Souza Santos (5) has classi-
fied such colloidal precipitates by their rate of
dissolution. Few quantitative studies have been
reported on the dissolution process.

This work extends previous studies (4) on the
kinetics of dissolution of amorphous aluminium
hydroxide gels. These gels were recrystallised
under controlled conditions to give gibbsite
powders of different particle size (from 0.03-0.45
microns) and the dissolution of dilute suspen-
sions of these powders by well-stirred solutions
of sodium hydroxide was studied at 20-65 °C.
The variation of reaction rates with initial
powder surface area and mean ionic activity
and temperaturé of the reaction solution has
been investigated in detail. Reaction mecha-
nisms are suggested.

Experimental

Materials
Gibbsite P 11/2 powder

300 cm® of aluminium sulphate solution (0.2M AR.
materialywasmixed rapidly with 300 cm® of sodium hydro-
xide solution (0.6 M A.R. material) and the pH adjusted to
pH 11 with slight excess hydroxide. The amorphous alu-
minjum hydroxide precipitate was then recrystallised
for 2h in the supernatant (5). The precipitate was then
filtered, washed four times with double-distilled water to
remove adsorbed ions and dried three times— by resuspen-
sion in dry acetone and filtering; the remaining moisture
was removed by outgassing for 24 h at room temperature
with a mercury vapour pump.
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Gibbsite P 11/8, P 11/48, P 11/360 and P 11/X
(powders)

Four other batches of amorphous precipitate were
prepared as above and recrystallised for 8, 48, 360 and
1000 h respectively in the supernatant. The precipitates
were then washed and dried in the same manner.

The chemical and physical properties of these powders
are summarised below:
particle shape; hexagonal platelets (Wy/l, = 0.48):
particle length (I,); P11/20.03 ym, P 11/8 0.06 yim, P11/48
0.13 ym, P11/360 0.26 um, P11/X 045 ym:
chemical analysis; 0.995 A(OH);, 0.005 Na,O, ¢. 0.0001
Si0,:

X-raydiffraction; P11/2¢.07 Gibbsiteand ¢.0.3 Boehmite;
others >0.95Gibbsite, no Bayerite, no Boehmite:

LR. spectrophotometry; P11/2 0.72 Gibbsite and 0.28
Boehmite; others >0.98 Gibbsite.

Chemical analysis

0.2 g powder was dissolved completely in 3 M hydro-
chloric acid (100 cm®) at 95C. Al***, Na* were deter-
mined by standard methods (6, 7).

X-ray diffraction (8)
TheX-raypowderdiffraction patternwasphotographed

"on a “Philips” 114 cm. Powder Camera, using Co,,

radiation, Fefiltered. The sample was mounted ina 0.3 mm
diameter berylium-glass capillary and rotated continu-
ously during 6 h exposure. The d-spacings were measured
and the patterns compared with those given in the “Ameri-
can Society for Testing Materials” X-ray powder data
file, 1969.

Infrared spectrophotometry (9)

The dried Gibbsite powder was reground in an agtae
mortar to <2 um size and dispersed in potassium bromide
discs. The spectrum was obtained on an “Infra-Scan” LR.
spectrophotometer against a pure potassium bromide
reference disc of the same thickness; the time for scanning
from 4000-650 cm ™! was 16 min.

Thermogravimetric analysis (10) was by standard
methods.
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Electron microscopy (11)

10 mg powder (before and after reaction) was dispersed
in a drop of butyl phthalate and the paste was diluted
10x 5 times with amyl acetate. One drop of the diluted
dispersion was then pipetted onto a “Formvar” film on a
100 mesh copper grid and the solvent was evaporated off.
The grid was then studied with a “Philips” E.M. 75 Elec-
tron Microscope. Different fields were photographed;
the overall magnification was 20000 x. 100 particles
were studied in three photomicrographs. Crystal lengths
() and widths (w) were measured as the long and short axes
of the Gibbsite platelets; for regular hexagons of side L,
! would equal 2L while w would equal |/3L.

Initial average particle lengths (I,) were estlmated from the
relation.

X
2
2”1—1.1'11—1,1'
[¢]

=1 > m
X

wheren;_, ;is the number of particles of length [;_; to ;,
x is the total number of particles, I;_; ;=(;_( + [)/2.

Initial specific surface areas (S,) — for two-directional
reaction with hexagonal platelets — were estimated from
the relation (see eq. [9A], Discussion),

46 an t,ik-1,5
So T m— mz/g
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where g is the density of Gibbsite.

Solutions

Sodium hydroxide solutions (of concentration C = 0.25
to 10 M) were prepared from A.R. material in double
glass-distilled CO, free water. Concentrations were de-
termined by titration against standard hydrochloric
acid. Mean ionic activities (a.. values) were obtained from
Ackerlofs work (12).

E.D.T.A.Ate solution (0.01 M), zinc sulphate solution
(0.01 M) and acetic acid-ammonium acetate buffer solu-
tion (1 M) for Al analysis were prepared from A.R. mate-
rials in double-distilled water.

Reaction kinetics

Gibbsite powder (0.8 g weight) was completely redis-
persed in large excess (100 cm>)aqueous sodium hydroxide
solution in a “Quickfit” flask by vigorous shaking at
1000 vibrations per minute for 15 seconds. The reaction
flask was then shaken at 240 vibrations per minute for the
reaction proper in a “Dubnoff” Shaker~Water Bath (13)
thermostatted at +1°C.

1 cm? reaction solution was withdrawn for chemical
analysis after different reaction times. This aliquot volume
was diluted to 10 cm® and centrifuged at 1000 r.p.m. for
fiveminutes toremoveany trace of suspendedfinely divided
powder that would react with the E.D.T.A.Ate solution;
5cm? solution were then withdrawn and analysed for
aluminate anion by a modified Waenninens method (7).

0.01 M E.D.T.A Ate solution (5cm?®) and 1 M acetic
acid-ammonium acetate buffer solution (10cm?) were
added and the solution was heated at 80 °C for 2 min to
convert all aluminate to complexed aquo-aluminium
cation at pH 4.5; this solution was then cooled and then
95% ethanol (10 cm®) and 0.001 M dithizone solution
(2 cm®) were added. The excess E.D.T.A.Ate was then
back-titrated against 0.01 M zinc sulphate solution from
a micro-burette. 1 cm® ED.T.AAte solution used
= 0.5800 mg AI(OH); .

The accuracy was 0.2-0.5%. Aluminate concentra-
tions (W), were determined and corrected for volume
changes during the run.

In several runs, a series of separate flasks, each contain-
ing the same suspension, was used and successive flasks
were removed from the bath after different times. The
unreacted powder fromeach flask waswashed with distilled
water, filtered and dried to constant weight W, at 100 °C.
The physical properties of these powders was studied by
the methods described above.

Dissolution

A series of Gibbsite powders were prepared by con-
trolled crystallisation of amorphous aluminium hydro-
xide precipitatesin high pH solution for 2-1000 h; these
consisted of hexagonal platelets of initial average particle
lengths [, from 0.03-0.45 microns and initial specific
surface areas S, from 5-65m?/g. These powders were
dispersed in sodiumhydroxide solutions (concentration
C=025-10M) and their dissolution studied at 20 to
65 °C. The suspension concentration was 0.8 g per 100 cm
and the hydroxide was in large excess; this eliminated any
variation of reaction rate with hydroxide concentration
during a run, simplified the kinetics and allowed separate
study of the effects of initial powder weight and surface
area and hydroxyl ion activity. The shaking rate was
240 vibrations per minute.

Diffusion

The shaking rate was sufficiently high to eliminate any
modification of reaction rate by slow diffusion across the
diffusion layer adjacent to the powder surface. The use of
dilute suspensions also eliminated retarded contact of
reaction solution with powder surface due to slow per-
meability processes (13, 14, 15).

The reaction rates and rate constants measured were
then theactual rates ofthe chemical reactionsat the powder
crystal surface.

Physical and chemical changes

The powders first rapidly adsorbed one to
more than three monolayers of hydroxyl ion and
then dissolved to form aluminate anion (13, 16,
17). The solid and reaction solution were analysed
after different reaction times.

The solid

Residual weight
during the reaction.

W, decreased continuously
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Chemical composition. Infra-red spectrophoto-
metry and thermogravimetric analysis indicated
that the solid retained the composition Al{OH);
for over eighty percent reaction; there was no
dehydration to AIOOH during prolonged con-
tact with hot hydroxide solution.

Particle size and shape. Some typical results for
the reaction of P 11/X powder with 4 M sodium
hydroxide solution at 50 °C are presented in
table 1. The average platelet lengths (/) and
widths (W) decreased uniformly during the
reaction; the platelet thickness (h) did not change
significantly. The Gibbsite particles retained
their hexagonal shape for over eighty percent
reaction; W/I, ratios were close to m or 0.86.
The dissolution was then twodirectional on the
six faces of the hexagonal platelets.

Table 1. Reaction of Gibbsite P11/X powder with 4 M
sodium hydroxide solution. Platelet lengths etc.

Time Residual Platelet Platelet W/l L/
® weight length width  ratio ratio
(h) fraction (1) (144)

(W/Wo)  (um)  (um)
0.00 1.000 045 0.38 0.84 1.00
0.33 0.732 0.33 027 0.83 0.72
0.67 0.560 0.24 0.19 0.81 0.53
1.00 0.396 017 0.14 0.82 041
1.50 - 0.236 0.11 0.09 0.83 0.24

The solution

At any time of reaction, the aluminate concen-
tration (W), in solution, expressed in terms of
equivalent weight of AI{OH);, corresponded to
the weight loss AW, = (W, — W) of Gibbsite
The hydroxide concentration remained practi-
cally constant during any reaction.

Kinetics

Reaction order

The kinetics of heterogencous solid-liquid
reactions are generally studied by examination
of solid remaining after different reaction times.
W, values were conveniently determined by
analysis of the reaction solution for (W_;),:
then’ VVI = [WO - (VV;ol)t]'

Completely recrystallised Gibbsite P 11/X

A typical W, —¢ plot is presented in fig. 1;
log W,;/W, — t plots are presented in figs. 24, 3, 4.

For over eighty percent of the dissolution,
logW,/W, varied linearly with reaction time.
That is, at any time

aw

= 1
Y =k, [1]

where k, is a first-order rate constant w.r.t.
powder weight.

g/h

Partly crystallised Gibbsites

Some typical W, —t plots for reactions:with
these other materials are presented in fig. 1. For
the first twenty percent dissolution, these mate-
rials reacted far more rapidly than the completely
crystallised material with any hydroxide solution;
then, the rate of dissolution slowed down. Gen-
erally, these effects were most marked in the
more dilute solutions at lower temperatures.
log W,/W, — tplotsare presented infigs.2B,2C, 3.
Over the range of rapid dissolution, log W,/W,
varied linearly with reaction time; the above
equation then applied. Then, the log W,/W, —t
gradients decreased continuously and might
reach similar values to those for reactions with
Gibbsite P11/X.

P11/360

P11/48

o1

e

5 &

1 2 3 4
tthr)

Fig. 1. Dissolution of Gibbsite by sodium hydroxide
solution (C = 1 M) at 35 °C. Variation of powder weight
with time

Determination of rate constants

For the reactions with Gibbsite P11/X, the
rate constants (k,) were determined from the

~ gradients of the log W,/W, —t plots according

to the relation,

k,, = 2.303 Grad [log W,/W, viplot] h™%. [3]

For the reactions with the other Gibbsites,the
initial rate constants (k,,) were determined in the
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same way from the gradients of the initial linear
portions of the log W,/W, — t plots.

07|

Fig. 2A

0174

0.4

Fig. 2B

I t(hr)

Fig. 2A. Dissolution of Gibbsite P11/X by sodium hy-
droxide solutions at 35 °C. 2B. Dissolution of Gibbsite
P 11/48 by sodium hydroxide solutions at 35 °C. 2C. Dis-
solution of Gibbsite P11/2 by sodium hydroxide solu-
tions at 20 °C. Variation of log W,/W, with time

Fig. 2C

Half-lifes (t, s) were read off from the whole plots.
Average rate constants (k,, ) were determined
from the half-lifes according to the relation,

0.69
=7 p-y [4]
to.s

Wav

PI/X

. P11/360

? t(hr) ‘
Fig. 3. Dissolution of Gibbsites by sodium hydroxide
solution (C=1M) at 35°C. Variation of log W,/W,
with time

1

3 4
tthr)

_ Fig. 4. Dissolution of Gibbsite P11/X by sodium hydro-

xide solution (C = 2M) at different temperatures. Varia-
tion of log W,/W, with time

The rate constants for reactions of different
Gibbsites with sodium hydroxide solutions of
concentrations CM and mean ionicactivity a,. M
are collated in table 2.

Sodium hydroxide concentration

Rates of dissolution at any temperature in-
creased with increasing (excess) hydroxyl ion
concentration in the reaction solution. For the
reactions with completely crystallised Gibbsite
P11/X, the rate constant k,, varied linearly with
the mean ionic activity a.. of the reaction solution
upto a, = 10 gion/dm?; refer to figs. 2A, 5.

Then,

ky, = kw1ai' [SA]
where k,, =k, at a; = 1 gion/dm?.
Eq.[1] then becomes more generally,
dw
ar _kw1VVt(\li g/h. [6]

For the rapid dissolution of the partly crystal-
lised Gibbsites, the initial rate constant k., varied
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Table 2. Rate constants k,, (h™!) and half-lifes t, 5 (h) for the reactions of Gibbsite powders with well-stirred sodium
hydroxide solutions. (W, = 0.8 g per 100 cm? solution)

T C a Pl2 P11/8 P11/48 P11/360 P11/X
M) M) (So=65m*/g) (So=32m"/g) (So=15m/g) (So=8m?/g) (So=5m?/g)
100 100 tos 100 100 to5 100 100 tfo5 100 100 tos o.s
kw,- av kWi Way km Way kwl- kw,m ‘
20°C
025 02 40 18 38 125 7.1 97
05 036 75 35 19 25 14 49 78 45 15 24 1838 06 115
075 051 110 54 13 33 20 35
1 067 140 70 1 40 23 33 15 92 715 5 3520 12 58
15 107 24 12 58 16 55125
2 141 30 14 49 10 7 10 23 30
3 252 45 18 38 15 10 69 33 21
4 3.65 56 21 33 20 13 53 42 16
5 56 %4 16 43 6 12
6 8.1 22 19 36 72 10
7 123 85 8
8 173 105 6.5
1 170 09 60 22 2 55 7 14 2 38
35°C
025 019 120 58 13 58 23 33
05 035 220 105 067 115 45 15 46 23 33 13 78 88 26 27
075 051 330 175 045 170 70 1
1 068 430 230 033 25 90 075 90 46 15 25 16 43 52 13
15 105 130 70 1 38 23 3 75 92
2 1.42 170 85 08 50 30 23 105 69
3 242 74 4 16 145 48
4 36 100 56 12 18 38
5 55 24 29
6 78 31 22
7 116 50 14
8 16 6 1
1 600 02 340 05 130 11 46 32 7 10
50°C
025 018 30 13 53
05 035 50 25 28 90 77
075 051 74 38 18
1 0.68 100 50 14 18 38
15 102 15 76 09 28 25
2 1.35 200 100 07 37 19
3 231 s4 13
4 3.52 0 1
5 5.2 114 06
1 170 1 25 28
65°C
025 018 25 28
05 035 49 14
075 051 75 09
1 0.68 104 07
15 1 125 055
2 1.33 175 04
3 218 200 035
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linearly with mean ionic activity upto a. = 2-4
gion/dm?; then in this range,

K, = (ky)1 ax [5 B]

k,, and (k,,); values were estimated from eq.
[5A] and [5B] and are included in the table 2.

071 pP11/2(kwx0.5)

kw thr)

2 4 6 8 10
azx(g,ion /dm?3)

Fig. 5. Dissolution of Gibbsites by sodium hydroxide
solutions at 20 °C. Variation of rate constants with mean
ionic activity of reaction solution

Powder surface area

Rateconstantsfordissolution byanyhydroxide
solution increased markedly with increasing
initial surface area of powder. For reactions with
any hydroxide solution at any temperature,
initial k,,, values for reaction with the high sur-
face area Gibbsite P 11/8 were 25-35 times the
k,,, value for reaction with Gibbsite P 11/X; that
is, kkl/? increased 5-6 times for a 7.5 fold in-
crease in initial surface area. Average k,,  values
increased 15 to 20 times; that is, ki/? increased
about 4 times.

Temperature (and energies of activation)

Initial rates of dissolution by any hydroxide
solution increased four to five times for a 15°C
rise in temperature. Generally, rate constants
increased exponentially with reciprocal abso-
lute temperature; typical logk,, — 1/T plots are
presented in fig. 6. Rate constants of chémically
controlled heterogeneous reactions vary, in
fact, with temperature according to the relation,

k,, = PZexp [-E,,/RT] 8]

where E,, is the energy of activation over the

temperature range studied, F,Z are steric and
collision factors.

E,.. values for the reactions studied were esti-
mated using this relation; these were 76, 83, 81,
83, and 83 kg/mole for the dissolution of the
powders P 11/2, P11/8, P 11/48, P11/360, and
P11/X respectively. These values are all very
much lower than the energy required to break
open an Al—O bond in an aluminium hydroxide
structure.

10f

P11/48

P11/360

31 32 3.3 34
103/T

Fig. 6. Dissolution of Gibbsites by sodium hydroxide
solution (C=1M). Variation of rate constants with
temperature

Discussion
Dissolution

The experimental studies showed that the
dissolution of recrystallised Gibbsite precipitates
takes place by a two-directional attack on the
six 100and 110side faces oftheGibbsitehexagonal
platelets; |AI(OH),| layers (18, 19) on the crystal
surface dissolve out to form aluminate anions of
similar structure (16, 17, 20). The reaction rates
at any time depended on the residual weight;
this also indicates two-directional dissolution.
One-directional dissolution at the two basal
hexagon faces would lead to reaction rates
independent of powder weight (zero order reac-
tions) while three-directional dissolution would
lead to reaction rates depending on W2* or
W3 (13).

Rates of reaction and effective surface area

Rates of heterogeneous solid-liquid reactions
generally depend on the original effective surface
area of the reaction solid and the residual effective
surface areas after different times. Effective
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surface areas may differ significantly from overall
surface areas determined by microscopy.

As a working model for the reactions studied in
this work, we have considered the two-directional
dissolution of a dispersion of W, g powder

containing N, regular hexagonal platelets of.

initial length I, and thickness A After time 1,
there would be N, platelets of length I, and
thickness A.

Then, the powder weights would be (after times
1=0,1),

31/3N,0l3h

W:
° 3

= 065N, 2h ¢

W, = = 065N, ’h g

The surface areas for two-directional dissolu-
tion would be

]
Ay = 6N07°h =3Nyloh m?

A, =3Nolh m?
while the effective surface areas would be
Ag, =edy=3Ngelgh m?
Agw = = 3Ngel,h m2.

Then, the initial specific surface area — for
two-directional dissolution is

So = Ao/Wo = 4.6/0ly, m?/g [9A]
while the effective specific surface area is
St = Aero /Wo = 4.6¢/oly  m*/g.  [9B]
Also,
9N
2 0
® 06500 ° DOA]_
9N
2 0
" 06500 ¢ [10B]
Then, eq. [6] may be expressed as
aw Ky, Wo
@ A, e E0
== kalAzefft ax g/ [1 1]

where k,, is the rate constant w.r.t. effective sur-
face area.

k., values in fact depend on k,,
according to the relation,

2
A effo

e [12]

and A,

kw, =k,

The initial rate constants for reactions of the
Gibbsites P 11/2 to P 11/360 were compared with
those for the reactions of Gibbsite P 11/X.
According the eq. [12] the ratio

2 2
kWi A effo S effo

ro= would equal = .
(kwi)x q (A effo )J% (S effo )JZC

Crystal structure defects and aggregation
effects would be minimal for theGibbsite P 11/X,
prepared by prolonged crystallisation; for this
material, it was assumed that (S, ). = (So)s-
Then, for the other Gibbsites,

S.i ~ would equal ]/;(So)x.

The effective specific surface areas for the rapid
dissolution of the first twenty percent of the high
surface area powders were estimated from the
above relation: (S, ) values were actually
seventy to ninety percent S, values, estimated for
two-directional dissolution, from crystal lengths.

Theeffective specific surface areas for the whole
dissolutions were about fifty to seventy percent
of the S, values; the fine powders probably
contained appreciable amounts of less reactive
aggregated material. Alternatively, preferential
adsorption of aluminate anions may retard the
reaction with hydroxyl ions during the later
stages of reactions.

Reaction mechanism

The results then suggest that the rate of dissolu-
tion of the Gibbsites studied is controlled by
the rate of a slow reaction,

|AOH);| + [OH(H,0),]"

surface adsorbed on surface

- [AI(OH)4(H20)2] -
solution

between reactive sites on the crystal surfaces and
hydroxyl ions adsorbed on the surface at or
adjacenttothesesites (13), (21). Then,atanytime,

dW/dt = —kes Aeffl (aOH')ads | g/h [13]

The adsorption of hydroxyl ions on the reac-
tive sites must occur at “low coverage”; then

(aOH')adsi = bmAefft ax

were b is an adsorption coefficient, m is the mono-
layer adsorption at unit effective surface area.
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Thence,
dWjdt = —bmk A% a. gh [14]
= —k, A% ay g/h. [11]

The reactive sites may be at lattice imperfec-
tions and dislocations (22) or at electron defect
~and interstitial Na* sites (23); these centres must

13

predominate along planes parallel the' “re-
active” 100 and 110 faces of the Gibbsite
platelets. As the reactive sites at the surface are
dissolved out, new reactive sites must be formed
and exposed simultaneously until a whole
|AI(OH);| surface layer dissolves.

Summary

Aluminium hydroxide gels were recrystallised in high
pH solution for 2-1000 h to give a series of Gibbsite pow-
ders P11/2, P11/8, P11/48, P11/360 and P 11/X, consist-
ing of hexagonal platelet crystals; their average platelet
lengths (I,) were 0.03, 0.06, 0.13, 0.26 and 0.45 microns.
The dissolution of dilute suspensions of these powders
in well-stirred sodium hydroxide solutions were studied
at 20-65 °C. Reaction solid and solution were analysed
after different times by chemical and physical methods.

Reaction occurred by two-directional dissolution of
the platelet crystals. The reactions of Gibbsite P11/X
(prepared by prolonged 1000 h crystallisation) were first
order w.r.t. powder weight (and second order w.r.t. powder
effective surface area); the reactions of the otherGibbsites
were first order for the first twenty percent rapid dissolu-
tion and then slower. The initial rate constants k,,, (h™")
and half-lifes ¢, 5 (h) for reactionsof P11/2, P11/8, P11/48.
P11/360 and P11/X with sodium hydroxide solution
of unit mean ionic activity at 20 °C were 1.70, 0.9; 0.60,
2.2;0.22,5.5;0.07, 14 and 0.02, 38 respectively.

Rate constants increased linearly with the mean ionic
activity of the hydroxide solution and increased ex-
ponentially with reciprocal absolute temperature, four
tofive times for 15 °Ctemperature rise. Half-lifes decreased
in a similar manner. Energies of activation varied from
76-83 kJ/mol. The rates of dissolution are determined
by the rate of the chemical reaction between adsorbed
hydroxyl ions and adjacent reactive aluminium hydroxide
sites on the powder crystal surface.

Zusammenfassung

Aluminiumhydroxydgele werden in Lsungen hoher
pH 2 bis 1000 Std. rekristallisiert und ergeben dabei eine
Reihe von Gibbsit-Pulver P11/2, P 11/8, P 11/48, P 11/360
und P 11/X. Sie bestechen aus hexagonalen pléttchen-
formigen Kristallen. Die mittlere Dimension (/;} waren
0,03; 0,06; 0,13; 0,26 und 0,45 microns. Die Auflésung
von verdiinnten Suspensionen dieser Pulver wurden in
stark geriithrten Natriumhydroxyd-Losungen bei 20 bis
65 °C untersucht. Das feste Reaktionsprodukt und die
Losung wurden nach verschiedenen Zeiten mit chemi-
schen und physikalischen Methoden analysiert.

Die Reaktion erfolgte durch zwei-dimensionale Auf-
losung der Blittchen. Die Reaktion von Gibbsit P 11/X
(prépariert durch eine auf 1000 Std. verlingerte Kristal-

lisation) waren von 1. Ordnung hinsichtlich Pulver-
gewicht, und von 2. Ordnung hinsichtlich effektiver Ober-
fliiche. Die Reaktion der anderen Gibbsite waren von
1. Ordnung fitr die ersten 20%, schnelle Losung und
wurden dann langsamer. Die anfinglichen Reaktions-
konstanten und Halbzeiten der Aufldsung fiir alle Gibb-
site in Natriumhydroxyd-Losungen der Ionenstirke 1
waren 1,70; 09; 0,60; 2,2; 0,22; 5,5; 0,07; 14 und 0,02,
38. Zahlen in der Reihenfolge P 11/2 bis P 11/X.

Die Geschwindigkeitskonstanten wachsen linear mit
der mittleren Tonenaktivitdt der Hydroxylédung und
wachsen exponentiell mit der reziproken absoluten
Temperatur auf das Vier- oder Fiinffache fiir 15°C
Temperaturanstieg. Die Halblebensdauern nehmen in
analoger Weise ab. Die Aktivierungsenergien variieren’
zwischen 76 und 83 kJ/mol. Die Geschwindigkeiten der
Auflosungen werden durch die Geschwindigkeit der
chemischen Reaktion bestimmt. Zwischen den adsor-
bierten Hydroxyd-Ionen und den anhaftenden reak-
tiven Aluminiumhydroxydplétzen ander Kristall-Pulver-
Oberfliche.
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