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INTRODUCTION

Apart from the chemical methods, physico-chemical and
physical measuring figures are used for the qualification of
raw—, incermediate- and final products of the alumina produc-
tion process. This volume deals with the most important phys-
ico-chemical characteristics of the materials enlisted in the
title, and the methods for their determination. Ir tne course
sf description, the factors necessitating the determination of
the given physico-chrmical pa.ameters and the reason of tneir
measurement will be indicated briefly. Utilization possibili-
ties of the informations derived from the measured parameters
vill be summarized, moreover, a short substantial comprehension
of the references of the parameters’ determination methods and
the measuring processes used in the Hungarian alumina industry
will be detailed, along with the reasons for selecting and

using the latter.

Keeping in view the easier perspicuity, physico-chemical
parameters and the fields of their utilization as detailed in
this volume are colliected in Table 5.1. Au it can he seen in
the Table, major part of the measuring figures is used for
characterizing all the four qualified materials: therefore, to
avoid repetitions, measurement techniques and the reference of
the measurement methods are discussed in a separate chapter
after the introduction. Metnods of the Hungarian native alu-

mina industry will be discussed mcre detailed than the others.
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Physico-Chemical Parameters Used for the Qualifica-

tion of Bauxite,

Red Mud, Alumina Hydrate and Alumina

Material tested

Physico—-chemical parameters us-d for -_he
characterization of the material tested

Bauxite

Grain-size and morphology

Specific surface area

Density

Volumetric weight

Porosity and distribution of pore volume

Hardness

Immersion heat

Red mud

Grain-size and morphology

spec.fic surface areg

Density

Porosity and distribution of pore volume

Immersion heat

Alum.na hydrate

Grain-size and morphoicgy

Specific zurface area

Density, apparent density

Porosity and pore volume

Heat transmission

Immersion heat




Table 5.1 /cont./

Maierial tested Physico-chemical parameters used for the
| ot cnaracterization of the material tested

Grain-size and morphology

Specific surface area

Density, apparent density

rorosity and distribution of pore volume

Heat transmission
Alumina —
Fluorine-bounding capacity

Angle of renose

Dusting

Rate of dissolution

Immersion heat




DESCRIPTION OF PHYSICO~CHEMICAL TESTS, EQUALLY
USED FOR THE QUALIFICATION OF BAUXITE, RED MUD,
ALUMINA HYDRATE AND ALUMINA

SPECIFIC SURFACE AREA

The specific surface area is the size of the surface of a
solid material by urnit weight or unit volure. I*ts value can
differ by orders of magnitude, in case of porous and nonporous

materials, respectively.

In case of nonporous materials, the specific surface area
is the sum of the "external” surface area of the grains, where-
as in case of porous materials it is given by the sum of the
grains’ "external” and the pores’ "internal" surface area. Com-
paring the two, the internal surface area is greater by crders

of magnitude and consejuently, the external surface area i3 al-

most negligible. As a consequence of the above mentioned

J T

the
specific surface area /Sm/ of the pores is a function of the

pores’ size:

oo
S = Sf'/r‘/dr
m
r
o

where: r = radius of the pore
ro = lower Limit of the racdius of the pore
Methods for determining the specific surface area of the

dust particles are enlisted in Table 5.2.

As it can b2 seen in the Table the measuring methods can
be classified into three main groups. Owing to their accuracy,

reliavility, easy automation possibility and relatively simple




Methods for the Determination of the Specific

Surface Area

Table 5.2
Methods Reference
1. Gas /steam/ adsorptiorn mcthods
a/ on the basis of weight
static 1, 2, 3, 4
dynamic 5, 6,
b/ volumetric
static 8, 9, 10, 11
dynamic 12, 13, 14, 15
2. Solution adsorption methods
a/ fluid adsorption 16, 17, 18, 9
b/ paint adsorption 206, 21, <2, 23
¢/ radioactive indication 24, 25, 26, 27

Different physical methods

a/
b/
c/
d/
e/
f/
g/
h/

emanation method 28, 29, 30

porosimetry 2, 31, 32

X-ray diffusion 33, 34, 3%, 36
gas permeability 27, 38, 39, 40
microcaliorimetry 41, 42, 43, 44
capillar condensation 45, 46, 47, 48
electric potential 25, 49, 50, 51

conductivity 2%, 92

L
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*echniques, the measuring methods of the first group are the
ext2r sively used cnes. ALUTERV-FKI, too, performs the specific
- rfacy area measuraments by gas-—-adsorption methods recognized
. iirzerrational stardards /25, 53, 54/, therefore, and because
.* their significance and widespread usage, they will be dis-
uss~d in more details. The study will be started by the dis-—

~Jszon of the theory.
Tiie Brunauer-Emmett-Tellrr Theory

Till the establishment of the Brunauer—-tEmmett-Teller theory,
/de2signated hereinafter as BET theory/, no metheds of adequate
sccuracy were known for measuring the specific surface area.
Since the time it appeared, the BET adscrption isotherm equa-
tion arnd surface area determination method is the most common-

iv vsed system for this purpose /8/.

wnen oadeniag their 2¢uation, Tns authors assumed tnat

i T layer ©f a sirgie moleéculr’s wio ¢ will develep with
continuods ¢r.ath during tire adscrpticn, followad by a multi-

“ogee cuvered silayz and then by gas conoegnsation J/Sig. 5.1/,

In th: practice, only tne short ferm ofF their equaticr

- suitable fc Lhz description of tne tctal adsorption 1so-

“herm - Js us2d for the surface deisrmiration:
k C - P
/ SR S L, 41/
v/ - 7/ v C v C P
O m (o]
wnerc: Vm = amount of gas required for moncmolecular layer
formation
V = adsorned gas-volume, calculated for normal con-
ditions
P = equilibrium pressure of the adsorbed gas-layer
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P = saturated gas-pressure of the adsorbed gas, belong-

ing to the given temperature

C = ¢constant

Specific surface area is determined on the basis of Vm.
For the determination of 1its value, Vm can be expressed from
the equation /17 or it can be graphically determined by using
the above linear form. In this case the volumes V are plotted
;s P and P/Po, respectively; and the value of Vm is determined

crom the axial section and slope of the resulting straight

Yine.

In equation /1/ the constant C is a number without dimen-
sisn: in the first approach its value can be calculated by means

of the following relationship /9/:

- "1 ‘
= exp. S /727
R T
o)
wherea: EI = adsonrtion enerqgy of the single layer
L= conagensation e¢nergy of the adsorbed gas or steam
RO = universali gas constant

The values of E _-E measured for 12 differert materials

"I "L’
/iron catalyzer, silica gel, copper catalyzer, iron-oxide,
A1ﬁ03, etc./ were nearly identicai. All the 12 values were
<

within the range of 240 + 70 cal/mol /3520 #* 293 J/mol/

/9, 10/. The value of C, consequently, cepends only slightly
on tha material quality. In case of the most frequently used
nitrcgen-adsorption calculations, the value of C = 240 1s

resulted /1C, 11/.

The specific curface area /Sm/ is given from the value of

Vm by the following relationship /9/:
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SOVrr
Sm = . 73/
wnere: W = waight of the measured-in adsorbent /g/

50 = is a ccnstant, it represents the surface readulre-
ment of | cm3 nerr.al condition gas, ir case OV
monomolecular adsorption. Its dimension is m /m3.
Its value can be caiculated from surface area re-
quirement of the adsorbed molecules by using the
following formula /9, 1C, 11/:

Sol = S1 . n e
where: n = the iLoschmidt number

Sl - surface area reqgui-ement cf Lhe gas m2.20u:¢,

calcuiated on the basis of the liguid stzle
densirty

Gol - surface areca requirement cf 1 cm™ ¢7 rormal

conditicn gas, calculated on the bazis of the
liquig s*+ate density

curface area requirement of tne gas mo'ecule /5.7 actorad-

Fs

ing to B8runauer, can be calculated 2as ‘olinws /9557

| -

)
M
5 = 4 ., .866 - _—"”‘, Lm i
i

L ¢
l_\' §

wine

whero: M = melar weight of the gas /or uwtleam/




L.

= 3:xns1ty of liquld state adsorbate

1

o b
¥

v = AvCgadro numter

tquatizrn /i, zan be used for the majority cf adsordents:

1 une o
— = 2.05% - 2.35,

o]

[o]

— = .05 - 0.50

relative pressure range for determining the surface area, i.e.
in the range preceding and following the shaping of the single

moieculie layer,

urate datermination ¢f the specific surface
s~ex oy Tthe 30T methicyd can e don: using the values measured
o 4-3 peircte 07 the 1zotherm. The result ¢f the three-point
vetorminatian deviates from this value only slightly /7567,

case of Largs-serles measurements the cne-point method can

Megeurirng unite ¢t rne zpecifil: surface area were first
dead In tte Lluming inausiry when productien of special alu-

minas was “oanences. Tinrce that time Lthe most Important qual-

ificatian parstecer ot ALLG, adsordenis, catalyst cariiers,

23
ssrenet ¢ industry fillere and abrasives, 14 the size of
their zurface. Dur:ing *he 203:-30 years that have passed since
*ra intrcducTtion of curface measdrement in the alumina in-
fustry, 1. proved to be evident that the informations gaincd
by thece meazuraments can variously be uvtilized in the in-
dustrial tcchnology, and that they also provide significant

dita for the tarhno.ogical development,
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POROSITY AR DISTRIBUTION OF PORE VOLUME

Tre relation between the pore volume /Vpore/ and the total

volume /V, / of the porous material is called porosity /€.

otal

6 v ore

Vtotal

The porosity can be calculated with best accuracy using
volumes measured in helium and mercury. In this case Vtotal

represents the volume measured in mercury, and vpore is the

difference of the volumes measured in mercury and helium.

The measuring unit of porosity gives informations only for
the total volume of pores 1in a unit volume material. In case
the dimensions and size distribution of the pores are also
required, the pore size distrikution Tunction must also be
determined /Fig. 5.2/. The function provides informations
about the pore sizes and the frequency of the different size
pores. These data serve as information for the accessibility
nf the so-called internal surface /surface area of the pores/,
i.e. they will indicate the size of molecules able to penet-

rate into the pores.

Apart from this, the size of the pores and their size
distripbution is in relationship with the solidity, contrac-
tion, compressibility /58/, moreover, in case of fillers,
with the grain-bounding characteristics of the binding mate-

rial, too.

Determination Methods of Pore Size Distribution

Several measuring methodc have been developed for the
determination of the size distridution curve /58/. The most
important measuring processes and the related literature are
enlisted in Table 5.3.
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Most Important Methods of Determination of

Porcsity— arc Pore Distribution

Table 5.3

De51grgt10n of the Reference Remarks

measuring method

Density tests 1in Hg Provides only the total

and helium 59, 60 pore volume or porosity,
resp.

Optical microscopy - Mezsuring limit: 0.5 ,um,
Provides the pore dia-
meter and pore shape,
but not the pore volume

Electron microscopy 61 Gives the pore diameter
and pore shape

Gas-adsorption method Cetermination of pore

with the help of ad- volume and pore size

cornotion and desorp- distribution in the
tion isotherms 62, 63 pore-range of r=1,4-
30 nm

Mercury porosimetry 64, 65 Range ofsmeasuring:
r = 3-107 nm

Small angle X-ray Suitable to measure the

dispersion 66 pore distribution of ma-
terials containing pores
of relatively homogenre-
ous size distrihution
anag of siall diameter
/720 nm/

Measurement of gas/steam Diffizault to reproduc::

sucking over velocity 657
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As it cen be seen, density test provides only the pore

volume. The optical microscopy does not give th~ pore volume

besides the measuring range of the optical microscopy is not suf-

ficient either for the determination of the total distribu-
tion. The X-rayv dispersion method 1is applicable only in case
of certain materials, ard the measuring method of the sucking
over velocity can only be used for comparative measurements
of materials of the same type. As a result of the above, the
gas-adsorption and mercury methods became widespread in the
practice. The data of the two methodc satisfactorily corre-
spond to each other in the range of greater pore-sizes. In
the size range of pores with radiants <10 nm, there can be
a considerable deviation between the data gained by the two
methods. Amcng others, the deformative effect of the high
pressure mercury is mentioned as the reason of this devia-
tion and, therefore, in the size range of <10 nm, data of
the gas—adsorption method are considered to be more reliable.
Owing to the above, the two measurir-g techniques practically

complete each cther.

Determination of Pore Size Distribution by Gas-

Adsorption

In case the gas/steam isotherm on an adsorbent 1s de-
termined by means of increasing and then decreasing series of
pressures, the adsorption- and desorption isotherms of the
given material will be obtained as a result. The relation-
ship between the pore radii of the adsorbent and the equi-
librium saturation steam pressure of the isotherms is de-

scribed by the Kelvin equation /57/:

2
= - —T-l . cos 0Q /77

(o} rRT

’Dl'D

lg
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where: P = pressure of the adsorbate /gas/steam/
Po = equilibrium steam pressure of the adsorbate at its
boiling polnt temperature
T = su-face tersion of the adsorbate, in liquid state
V = molar voiume of the adsorbate = g
M = molar weight of the adsorbate
@ = density of the adsorbate, in liquid state
r = pore-radius
R = universal gas constant
T = temperature /Ko/
Q = wettening contact angie

After expressing the value of "r" from the Kelvin equa-
rion, the pore-radius sizes belonging to the individual p-
values of the isotherm can be calculated. With the help of
these values ard of the total pore spaces, the pore distribu-

tion function®*can be determined /Fig. 5.3/.
Determination cof Pore Distribution by Mercury Porosimetry

Tests of gas-adsorption pore-size determination are most-
ly performed with nitrogen gas. The distribution furnction of
the 1.5 - 30 nm pore-radius range can be determined with ni-
trogen /65-68/. Within the range of pores above this size, the
tests are generally performed by mercury porosimeters /58, 65,
68, 69, 70/.

Mercury porosimetry 1is based on the realization that
liquids having a wettening contact angle /Q/ on the given
material greater than 900, can only intrude into the pores
in case pressure is applied on them. The restrictive factor
which must be suppressed by pressure 1s the surface tension
of the liquid. Quantitative relationship betweer the radius
/r/ and the pressure /P/ necessary to fill the capillary of
the given dJdimension is described by the Washburn or Young-

taplace formula /58, 08, 69/:
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Pr = 2 F cos Q

where: T

Q = wettening contact angle of the iiquid on the sur-

surface tension of the liquid
face ot the capillary

The pore distribution can be determined by the help of
the formula, in case the amount of water intruding into the

pores is determined 1in the function of the pressure /P/.

Distribution measurements are generally performed with
mercury, as it does not moister. the solid materials. The wet-
tening peripheral angle of the mercury on different solid
surfaces varies generally between 135-140;, consequently it
changes only very slightly, thus in lack of the accurate meas-
uring of the peripheral angle of the given material it is ac-
ceptable to calculate with average values. In most of the
tests, the value of the peripheral angle is accepted to be
1400. The error of its value shows up in the number-value of
the pore-radius, but 1t does not influence the shape of the

distribution.

As for the accuracy of tests, the purity of the mercury
is of high importance, as its contaminants considerably
change the surface tension / T 7. Surface tension of the
pure mercury is 480 din/cm /0.048 N/mm/ /69/. Calculating
with Q = 140° and T = 480 din/cm, and assuming that the
pores are of cylindric shape, the relationship /8/ can be

simplified to the foliowing form /69/:

= 7500 nm /9/

p




With the help of the formula, the size of radius belong-

ing to the individual pressure values can quickly be calculat-
ed, and the cumulative and frequency curves, respectively, can
be constructed by the method described at the gas-adsorption

system /Fig. 5.2 and 5.4/.

IMMCRSION HEAT

The agglomeration and settling of dusts are affected to a
high degree by their wettening characteristics /74/. The know-
ledge of re<d mud wettening characteristics, therefore, mzy
provide important informations for the selection and setting

of the optimum red mud settling.

Wettening of the solid materials is determined mostly by
measuring the peripheral angle forming along the triple sotid

/liquid/ gas interface /74, 75/.

The peripheral angle can not be measured on dusts of
such big size like the red mud is. In such a case the immers-
ion heat gives information for the degree of wettening /74,
75, 76/. The immersion heat origirates when immersing the
tested dust into some liquid and, similarly to the peripheral
angle, it gives information about the solid/liquid surface

interaction:

AH,
= h = = h,, - h ~ - = e /
93 1/5L7 5 sL So st 7 %so T “IssiLs /10
: . =] i h
where qlz: immersion heat
= specific surfacce area of the solid material
AHI = enthalpy change of the unit welight material
hI/SL/ enthalpy change of the unit surface

h/SL/ = enthalpy of the unit solid/liquid interface
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hSc = enthalpy of the unit solid/vacuum interface
— £ >
eI/SL/ = surface energy change of the unit surface
eqL = surface energy of the unit solid/liquid 1interface
gy = surface energy of the unit soiid/vacuum interface

Consequently, the immersion heat is proportional to the

change of enthalpy or owing to the negligible volumetric changes

occurring during the wettening, to the change of the surface

energy /75/.

The quantity of the immersion heat is determined by the
interaction between the molecules of the solid material and
those of the liquid. Its value, therefore, depends on the
solid material/wettening liquid system. It is measured in
semi-micro- or micro calorimeters so that the sample is put
into an ampule before measuring it, the steams absorbed on its
surface are removed in vacuum, then the ampule is secaled off
and, being immersed in the calorimeter, it is crushed. After
crushing, the rise of the temperature of the liquid is measur-
ed and on this basis the value of the immersion heat is

calculated.

MORPHOLOGY

According to its original Greek interprepatation, mor-
phology means study of the form. In a more general sense, it
is a science dealing with the arrangement and connections of
particles building the material. Taking this into considera-
tion, by the word morphology are meant all spatial orders
which are originated not by th2 relation of atomic points
but by those of surfaces: from nm orders of magnitude, up to

the range of visible dimensions.

The raw-, intermediate- and final products of the alu-

mina production are all built up of grains. Thesc indivi.dual




particles have a characteristic form and shape, and properties
/morphology/ characteristic of their surface. During their
formation, the above particles get into contact with each oth-
er and form, as regards physical and chemical aspects, rever-
sible /aggl> merate/ aggregations. The characteristics of the
aggregations and their building particles considerably affect
the alumina production processes /such as thickening, washing,
precipitation, etc./: consequently, it is essential for the

expert to get acquainted with their morphology.

Characteristics of the Morphology

Resulting from the above mentioned in order to possess
scientific cognition of the morphology, synthetized data of
several disciplines are required. Among these the most impor-
tant informations generally used in the alumina industry are
as follows:

- grain-size

- grain form and structure of the grain surface

- porosity and pore size distribution

- specific surface area

The measuring methods for the determination or recogni-

tion of the above are summarized below.

Measuring Methods of Cognition of Morphology

Determination of the Grain-Size

According to the special requirements, several methods
were elaborated in order to determine the grain-size of the
different materials. These methods can be divided into direct
and indirect measuring processes. Table 5.4 gives a compre-

hension of the different methods.




Various Methods for the Determination of Grain-Size

Table 5.4

Method Reference
Direct methods:

Microscopy /782, 84, 86, 87, 88, 90,

101, 104/ ,

Electron microscnpy /71, 78, 79, 80/
Indirect methods:

Electronic grain-count-

ing method /90, 95/

Methods based on the fi-

nal settling velocity /83, 84, 86, 87, 90, 91,

92, 93, 95, 98, 99, 100,
101, 102, 105, 106/

The methods and reference enlisted in Table 5.4 provide
an opportunity to acquire informations of wider range, therec-
fore, only methods used in the alumina industry and in our

Institute will be descussed in detail.

Indirect Methods for Grain-Sire Drtermination

Besides the grain-size, the microscopic processes dis-
cussed below give information about the shape of the grains,
forms of the surface, pore sizes etc., too. Correspondingly,
beyond size determination they are used for acquiring other

informations, too.




Microscopy

The microscopic grain-size distribution determiration
methods are tests performed by optical- or electronic ray mi-
croscopes. Evaluation of the test can be done on the basis of

indirect observations, microphotos and electronic calculation.

Measurements by optical microscope are performed within
the range of 1-100 Sum. The main objective of the test is the
determination of the maximum grain-size.

Tests by electron ray microscopes are performed within
the range of 0.01-5 ,um. They are more accurate 1n this range
than the optical microscopes. The electron ray, in fact, deep-
ly penetrates into the material, and even the third dimension
can be detected. The main purpose of the tests 1s the determi-

nation of the minimum grain-size.

Electron Microscopy

The two main fields of electron microscopy are used and
described, respectively:
- Transmission electron microscopy, within this direct
and indirect tests /77, 78/.
- Scanning electron microscopy: secondary electron oper-

ation mode, quantitative picture processing /79, 80/.

The Transmission Electron Microscopy

The transmission electron microscope utilizes the electron
beam passing through a narrow substance for picture formation.
The blown-up picture of the object is produced by projection,
by an electron optic put in between the otject and the screen.
In case of such projection, the wave characteristics of the
electron beam are utilized, and the effect inflicted by the

object on the beam. It depends on the generation of the lenses,
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whether the object :itself or the characteristic diffraction

diagram of its elementary structure is projected.

The electron optical contrast in the transmission electron
microscope originates mainly on the basis of dispersion and
diffraction phenomena. In case of indirect transmission tests,
i.e. being performed by the replicas, the contrast formation
is solely of topographical character. The electron beam fall-
ing at right angle onto the replica is of different orienta-
tion, as compared to the electron ray, but in amorphous layers
of similar width it covers different distances. Since the dis-
persion is proportional to the atomic dispersion centres found
in the direction of the beam, the difference in the width of

the layers brings about intensity deviations behind the object.

In case of transmission tests of crystallic materials,
the test based on the diffraction contrast is used most exten-
sively. If electron ray passes through the crystal material
put into the electron microscope, part of the incident radia-
tion deviated on the grid plain assembly, and the other part
goes on without any change of direction. Contrast effect be-
tween two image points can be experienced in case different
deviation degrees exist on the object points corresponding

to the image points.

The transmission electron microscopes were constructed
in 1931 and have been used for routine material science pur-
poses since the 40-ies. Electron microscopy of minerals is
a new field of investigation at present. With the help of
the instrument of increasingly better optical resolution
- i.e. suitable to observe smaller structure units - new
statements carn be made on materials tested formerly. As re-
gards bauxite, red mud, aluminium hydrates and aluminium-

oxides, this means that the possiblities of cognition widen-

ed from the micromorphology towards the microstructure.




Scanning Electron Microscopy

The scanning electron microscope is one of the new types '
for structure analysing equipments generally applied at present.
Since 1965 - the year it appeared in commercial trade - it
provided a number of qualitative and, recently, quantitative
informations about the structure, principally in the fieid of
researches on the surface. The lighting system in this electron
microscope is the electron source and the electron optics used
as condenser. The resulting beam scans over a certain square-
shaped area determined by the magnification. The beam is direct- !
ed by the diverting coils built in before the two last so-call-
ed objective lens. The driving generator of these coils moves
also the generator of the cathod=2 ray tubes used for the re-
production of the picture. There are sensors built into the
object space, in order to percept the originating signals. The
signal percepted by the individual sensors is amplifiec by a
wide-band amplifier and than it gets to the control grid of
the monitoring cathode ray tube.

The electrons emerging from the surface layer of the
sample being enlighted by the electron beam show characterist-
iz energy distribution. Electrons of about 50 eV are originat-
ing from the surface layer of about 1-5 nm width., With the
help of these secondary electrons, a given surface area of the
material 1s looked at and the units built up of several atoms
and the structure of their assembly, respectively, can direct-
ly be examined. The orientation of certain surface elements
has a significant role in the contrast formation, the peaks

and edges are in favoured position.

In case of echo-image operation, the scattered-back, high
energy electrons are detected and they are used for picture
formation., These electrons are originated already from the

inside of the sample, i.e. from a few 100 nm’s depth, and

they help to get informations partly related to the topo-




graphy of the sample and partly to its chemical composition. <
The electrons also generate characteristic X-rays in the sample,

typical of the elements in it. Microanalysers serve for the

reproduction of the samples’ element distribution structure.

The echo-image operation, moreover, the microanalysis is very

useful, sometimes indispensable completion of the secondary

operation of scanning electron microscopy. Quantitative eval-

uation and statistical processing of the morphological infor-

mations of the scanning electron microscopic photos are carried

out by picture analysers.

Determination c¢f the Shape ar:

Surface Stru~ture of tre
Grains, Porosity arid Pore Size Pistributio

B

Informations concerning the shape of the grain and the
condition of its surface are acquired by microscopic or elec-
tron micrescopic tests mentioned. Microscopic photos provide
data concerning the pore sizes and pore structure of the ma-
terial, but in order to get accurate infcrmations about them,
in most cases, pore size determination methods based on other

concepts as mentioned before are also utilized.

Determination of Specific Surfac. Areca

The basic parameter of surface characteristics of ma-
terials with relatively high dispersity degree is the size
of their surface. The size of the surface besides informa-
tions given about the degree of dispersity, porosity is a
basic parameter of the determination of adsorption conditions,
adsorption binding force, etc., too. The methods for its de-
termination, utilization possibilities of its parameter are
discussed in a previous paragraph. Here the only intention is
to refer to the fact that the determination of the size of the
surface provides significant informations for the morphology

of the material as a whole.




GRAIN-SIZE DISTRIBUTION

Description of Grain-Size Distribution

| A given industrial raw material or its grcund product, 1is
not built up of grains of the same size, but it 1is a mixture
of grains with various forms and sizes, which can be best de-
scribed by the so-called 'grain-size distribution functions".

The distributions can approximately be illustrated by the spe-

cific surface area, the corresponding average grain-size /grain
diameter/ and the excessive values of grain-size distribution
/81, 82, 83, 84, 85, 86/.

The determination of the above figures 1s rather difficult,
since right at the beginning the question arises, what should
be regarded, to be the standard main size of a grain /82, 83,
84, 867. The answer depends on the type of measuring used /84,

86, 87/, consequently, systematization of the numerous measur-

ing processes is regarded to be very significant and problem-

atic.

Description of the System of Grain-Size Analyzing
Methods

The first aspect of classifying the methods is whether
the grain-size is determined by direct length measurement or

by some indirect method /86, 87/.

Methods Based on Direct tirain-Size Measurement

There are two main methods for direct measurement of
grain-size distribution: microscopic analysis and sieve anal-
ysis. Grains have generally three dimensions and out of those,

their width is considered to be the standard /82, 84, B6/.
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Microscopic methods of determining the grain-size distri-

bution are tests performed by optical- or electron rav micro-
scopes. Evaluation of the measurement can be carried out on
the basis of: a/ direct observation, b/ microphotos and c/
electronic counting /80, 87, 88, 9C, 103, 104-.

a/ Measurements by optical microscopes are performed in
the range of 1 to 100 nm /86, 87, 90/. Under optimum
corditions the accuracy of the test is ~~ + 5 per cent
/absolute mean error/ /86, 90/. The relative inaccuracy
is attributed to the fact that the smallest dimension
of the grains can not be seen and, taking the smaller
out of the two visible dimensions as overall or stand-
ard a considerable error occurs when calculating the
grain-volume /especially in case of flat grains/, gen-
erally 1n positive direction /86/.

In general, the principal aim of optical measurements
i1s to determine the maximum grain-size /86, 90/.

b/ Measurements by electron microscopes are performed in
the range of 0.01 to S Sum. They are more accurate in
this range than the optical microscopes /86, 87, 90/.
The electron ray, in fact, penetrates into the mate-
rial to 5 to 10 Sum depth and thus the third dimension
can also be perceived. Above this dimension, however,
it is an additional problem to draw conclusions based
on the size distribution in the microsection plane of
grinding of the embeddeC sample. The tests, however,
can easily be automated /88/.

The main purpose of the mrasurement is to determine
the minimum grain-size, . zh in some special cases,
can be carried out to an order of magnitude of AO,

using equipments of 1 A° resolution /86, 87, 88, 90/,
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Direc:_train-Size Measurement by Sieve Analysis

Means of the analysis: screens of different apertures or
sieve sets, where the apertures form geometrical progression.
The mos: common is the sieve set of 2 quotient, based on
geometr.cal considerations. The basis of the set is the so-
called 200 mesh sieve /wire l1lntersection/, having 0.075% mm
apertures, according to the USA Tyler, ASTM E 11-61 or English
B:: 410 standards. The mesh number of the European standards
ls different, in case of similar apertures: according to the
German DIN 1171 and the Hungarian MSZ 695-59 standards, the
C.075 mm sieve 1s of 80 mesh. In case of the latter, the sieve
aperture can be caiculated by the relationship d = 6/n, where:
d represcnts the aperture and n the DIN sieve and the mesh,

respectively /788, 84, 86, 90/.

In case of a geometrical sieve set, illustrating the anal-
ysis results vs. the liogarythm of the sieve aperture /d/, the
apertures corresponding to the subsequent sieves will be at
the same distance from each other. This illustration method
makes easy Lo construct the average diminution degree and its
curve, the latter being, a. the same time, the specific surface
area curve, too /82, 83/.

It is a generally accepted fact for the determination of the
characteristic grain-5ize that a grain /or class of grains/
can be characterized by the quadral screen aperture /side
length of the squares/ througn which it can just fall. This
intermediate main dimension, that is, the grain width will

determine the through-fali /82, 83, 84/.

Operational principle of the sieve analyzers, The grain
aggregate falls through the sieve only in case the grains
are In relative motion, to the sieve panel. Moving the sieve
pancl brings about a relative motion of the grains. The mode
of moving determincs the application possibilities and the

aspects of classification /86, 87, 90/, The grains can also



be moved by passing some medium through the apertures /86, 90/.
This medium can either be water or air and, consequently, wet

and dry sieve analysis methods can be mentioned.

The error of ~ieve analysis methods 1s generally between
1 to 1.5 per cent, in case the following measuring prescriptions
are strictly kept /86, 87, 90, 91/:

a’/ the amount of sample fixed in the standards must be
taken out by normal véraging;

b/ the sample must be lump-free, that is, appropriately
dry or satisfactorily dispergated;

¢/ the intensity of the selected method should correspond
to the so.idity of the sample;

d/ the analysis time should carefully be chcsen and the
result of screening must be checked by check-screen-
ing;

e/ neither too much nor too few sieve classes are ade-
gquate;

f/ the error occurring in the mass weighing must be neg-
ligible relative to that of the screening;

g/ loss can not exceed 2 per cent.

Dry sieve analysis methods are suitable only for classify-
ing well dried, not adherent materials. Apart from air- et
screening, these materials may not contain much fine jrains
/86, 87, 90/.

Manual methods of dry sieve analysis are suiltable to
screen coarse grain materials only. It is generaliy applied 1n

case of screens having greater apertures than 5 mm /86, 87/.

The mechanical sieve analysing methods can be applied
from mean to very fine distributions. The intensity ot moving
increases parallelly to the increase of the sample’s fineness
/86, 87, 90, 94, 95, 96/.




Shaken screens are moved horizontally. Aiming at increas-

ing the intensity of screening, the sieve panel is being hit
by a swinging mass, SO that the screen would start to vibrate
vertically, too. The method is suitable for screening mear size

materials /86, 87, 90/.

Vvibrating screens can be used for screening fine sized
samples. The 3creen vicrates vertically with small amplitude
and very high frequency /86, 87, 90/. Their spacial types are
the so-called wobbler-screens, moving also in horizontal direc-
tion, and capable of screening to a lower 1imit of 60-100 /um,
moreover, their sieve plate may be rubbed by a brush from be-

low, in order to prevent filling /90/, /e.g.: ALLGAIER - Teumel-

siebmachinen/.

Air-jet screens are the most effective dry sieve analyser

units. They are generally used in a 500-10 ,um range for high

accuracy measurements /86, 87, 90, 95/. Sieves of 30-10 /um

apertures are called microsieves: their diameter is very lit-

tle /75 mm/ /96/. The principle of its operation is that the
air-jet flowing 1in through a slot scans around the surface of
the screen, throwing the sample continuously upwards. Grains

of finer size than the apertures, when falling back, are carried
by the air stream flowing downwards through the sieve plate to
the dust filter or into the separator cyclone. Only one screen

can be used at a time, therefore, the screening is performed 1in
starting with the finest
ALPINE A

the so-called "negative screen order',

screen, and measuring back the screen residues /e.g.:

200 LS type/.

Wet screen analysing methods are used for the analysis of
finer and adhesive materials, or materials being originally wet.
Its equipment generally correspond to thooe of dry screening

/84, 86, 87, 91/.




Manual wet scre#&n analysis. The screening i1s performed 1n
negative order and, after separating the finest fraction, there
may be a chance to switch over to the dry screening method. The
sieve plate /frame/ is shaken vertically in a greater bowl of
water, so that the water is f ~wing uo-and-down through the
apertures as long as all the fine grains leave the screen frame
/86, 87/.

As regards the wet, mechanical screen analysing methods,
the so-called undar-water screening with shaken screen imitates
the manual screening, but with mechanical drive wher2as the
vibration screening by rinsing utilizes water flowing from up-
side dcwn, aiming at promoting screening. In the latter method
more screens are used simultaneously but, in case there are
many grains of mud-size, rinsing-head frames are introduced
even between the individual screens. Sieving can be performed
with them to a lower limit of 25 Sum. Ultrasonic sound-generat-
ed screening should separately be mentioned, 1t can be used
with high intensity and almost without restraint to a lower
limit of 5 ,um /86, 87, 90, 95, 96/.

Methods Based on Indirect Gra’n=8ize letermivation

With regard to the great number of methods falling into
this subject matter, the detailed description of all methods
is disregarded herewith, only the methods used in the alumina
industry or recommended for use will be described in more de-

tails.

Its principle is based on the conductometry, and it trans-
forms the size of the grains into analogue clectric signs. The
number and amount of signs is registered by an electronic unit,
and it provides the measuring results in directly evaluated
form /70, 75/. The unsatisfactory operational safety restricts,

its spreading.




Several methods and measuring units tall into this field,
however, evaluation is always based on the Stokes’ final ve-

locity of grain settling, illustrated by the following formu-

la:
v():-l—.———cs—]—.a.d2 / cm/s /
18 YA
where: d = diameter of the equivalent sphere
6 = density of the sample /g/cm3/
T = density of the measuring medium /air or liquid/
/g/cm3/
M = dynamic viscosity of the measuring unit /poise/
a = acceleration of the field /gravitational accelera-

tion /g/ or acceleration of the centrifugal field

r .u12 /cm/sz/

In case of methods based on the final velocity of set-
tling, instead of the actual grain-sizes the grains can be
characterized by the so-called equivalent diameter of the lit-
tle balls having the same settling velocity /and density/ as
the grains have /83, 84, 86, & /. The deviation from the
sphere-shape is characterized by a shape factor, which does
not correspond to the numeric value used for the calculation
of the specific surface area /86, 87, 91/. The measurement
is possible due to the fact that even the finest grains attain

their final settling velocity within a split second /86/.

Accuracy of the measurement: The sources of error vary
related to the methods, the required dispersity and lack of air
must be ensured in case working in liquid with the help of
vacuum or wettening medium, respectively /86, 87, 91, 92,

1057.




Free /not hindered/ settling must be ensured in all meth-
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ods /even in the air/, and this makes possible to measure in
0.5 volume per cent of sample /86, €7, 90, 93, 95/.

Sedimentation Methods

A main group of methods based on the settling velocity is
characterized by the fact that the measuring medium is in stand-
still and only the qgrains settle in the measuring medium /in a
liquid or in the air/, /86, 87, 90/.

Sedimentation in liquids is generally more accurate than
in air, therefore, the former method is more widespread. The
equipment of the traditional, old methods are very simple, but
the up-to-date methods are significantly quicker and generally
of automatic evaluation /86, 87, 90, 91, 93/.

Sedimentation methods in gravitational field in liquids v

can be applied in general in the 5 to 100 ,um range and can be

/
classified according to the method used to measure the varia-

tion of the density of suspension /86, 87, 90, 91/.

A/ Methods Reduced to Mass-Weighing
a/ Pipette methods /Kohn and Andreasen method/ can be
characterized by the fact that only a small amount
of sample related to the total amount is taken from
a depth corresponding to the given settling way length
/HA/ for the determination of the concentration-change,

from which the distribution can be determined:

$, = —m ., 100 / % / J/cumulative residue

o} curve/




8/

C/

b/ The essence of decantation methods 1s the total amount

of water above the HA analysis depth is drained sever-
al 710 to 15/ times successively, and thus the total
amount of sample is desintegrated to fractions on the
basis of their settling velocity /86, 87, 90, 91, 93,
95/. The disadvantage of the methods is that they re-
quire a long time; this long duration can be reduced

on the basis of the so-called "single decantation meth-
od" /106/. The primary distribution curve obtained on
the basis of the single decantation is transformed by
mathematical methods into the secondary cumulative
curve which comes close to the real distribution. This
method is the most accurate one, among the sedimentary

methods /86, 106/.

¢/ The sedimentation balances measure directly the amount
of sedimented grains in a stationary medium. The prin-
ciple of the evaluation of the measuring is similar,

to the method of the single decantation /90, 100/.

Methods reduced to density measurement measure the change
of density in a given depth, for example by micromanometer
or with the help of a floating object /86, 87, 91/,

Methods Reduced to the Analysis of Light-Absorption Char-

acteristics /Turbidimetry/

The method is based, from physical point of view, on meas-
uring the light-absorbing ability of the suspensions. The
light-absorbing ability depends on the number and size of
grains floating in the suspension, that is, it 1s propor-
tional to their specific surface area. Material character-
istics have also importance, consequently, the equipment
has to be calibrated for all types of new materials by a
sedimentation method which can be reduced to mass weigh-
ing /86, 87, 90, 93, 10l/.




D/

In the course of the analysis the extinction /logarythm of
absorbtion/ E = In A = 1n /J/Jo/ is measured instead of the
absorption itself. Jo is the intensity of light passing

through the pure measuring medium, whereas J represents the

same passing through the suspension.

The relative mass of fractions can be calculated on the ba-

sis of the relation:

where: AE change of extinction

r = radius of the equivalent sphere /calculated
from the settling time/
f = the multiplying coefficient given in the func-
tion of r /determined by calibration measure-

ment/

The final result, the mass proportion, can be calculated

on the basis of the relation

S. = /G i/ZGfi/' 100

The evaluation became automatic recently, in to so-called
scanning photometers, even the duration of the measurement
is considerably shorter as compared to the traditional

units and at the same time it is much more reliable /90/.

Methods reduced to other radiation measurements are based
on the absorption of X-ray and radioacsive 7T -radiation,
moreover, on measuring the intensity of the generated sec-

ondary radiation. Apart from the deviation in the detect-




ing of the radiation intensity, the methods correspond, in

principle, with the theories of photosedimentation /90/.

The measuring can be performed with satisfactory accuracy
only in case if greater amounts are used: consequently, the
SAMU unit of our Institute is used for settling analyses

and not for the determination of distrioution.

The purpose of tests performed in the centrifugal field is
to reduce the analysis time and the sizes of the range of
analysis of the grains. Measurements below 5 ,um are gen-—
erally performed with centrifuge, to avoid long measuring
time and below 2 ,um its usage is indispensable. The cen-

trifuges can be used to a lower limit of ~~ Q.01 ,um, with

/
a settling velocity increased to the 75,000~-fold.

The variant of the simple decantation method elaborated for
centrigufes, and reduced to mass weighing and density meas-—
urement can be mentioned here. as an example. In the field
of methods based on light-absorbing ability, the /Fritsch
vers.on of/ scanning photometer completed with centrifuge

is mentioned.

Sedimentation in aeriform medium: its application reduces
the analysis time, as even the fine grains settle relative-
ly quickly in air, It is less accurate, works with 2-3 per
cent error. A single variant, common in practice, can be
mentioned here: the so-called Micromerograph, which oper-
ates similarly to the Sartorius sedimentation balance, and

its basis is a 2 m long air-operated sedimentor tube.

The operation principle is that the gaseous or liquid
medium flowing upwards /in opposite direction to the gravita-

tional and centrifugal acceleration, resp. /with a velocity




corresponding to the settling velocity /v_/ of grains with dt

t
diameter, carries all the finer grains of smaller settling

velocity than /v_/, and takes them out con the top of the equip-

ment. The more qﬁickly settling coarse grains pile up at the
bottom. Their accuracy is similar to the former, i.e. 1-1.5 per
cent, but they have the advantage of producing fractures out

of the greater amount of samples which can be further analyse-
/chemical analysis, etc./ /82, 83, 84, 85, 86, 87, 90, 93, 95,

97, 98, 99/.

Silting-up methods utilize water as flowing medium /hydro-
metration/. The so-called hydrodynamic Tlow-units are used for
this purpose /83, 84, 85, 86, 87/.

Silting-up cah be performed in gravitational field by the
so-called tubular flow-unit /Rheax or Koperecky-Krauss/ which
produces two products, simultaneously. By series—-connection of
the tubes of different sizes all the fractions can be recover-
ed at the same time /Mt Morgan multitube elutriator, Andrews
kinetic elutriator, etc./. In due course, the most coarse frac-
tion separates in the first tube /84, 85, 86, 87/.

Silting-up in a centrifugal field can be performed by the
use of different drum centrigufes, the most approved type of
which is the ALFA~-LAVAL laboratory sedimentation separator
/LAPX 202/, capable to operate both with reposing and flowing
mediums /the former is adequate for sedimentation methads, too
/85, 86, 87/.

The hydrocyclones are of intermediate type: not satisfac-
torily accurate in the research institutes, but still used in

plants for automated analyses /91/.

Analysis /classifications/ in a flowing aeriform medium.
Generally air is used as a flowing medium saerometration/.

The units applied are the so-called aerodynamic flow=-units and




air-elutriators, respectively. These are very quick and accu-

rate methods, consequently they have become very widespread

in the practice. The samples soaked in water can not be analys-

ed by any other equipment operating with liquid /84, 85, 86,

90, 97, 98, 99/.

a/ Classifying by Air-Stream in the Gravitational Field

The basic instruments are those of Gonell and Holiin-
ger, respectively. They are long tubes where the air
flows upwards from below. The fine grains leave the
unit at its top and they are entrapped by a dust fil-
ter, the coarser grains are fluidized at the bottom,
so that the possibly remaining fine grains could also
get released. /The ALPINE 60 AN automatic analyser 1is
produced in series./ They are used for analysis in the

range of 10 to 50 ,um, with i 1-1.5 per cent error.

Another variant of/this basic type is the zi-zag
classifier which eliminates the error caused by the
grains’ adhesion to the wall so, that the grains have
to cross the air-flow repeatedly. The ALPINE MZM unit
analyses within the range of 0.1 to 10 mm /84, 86, 90,

95, 98/.

b/ Classifying in Centrifugal Field, by Air-Stream

In order to extend the measuring limit, centrifugal
field is used. One basic type has an impeller con-
sisting of several revolving radial tubular pipes:

the ALPINE 100 MZP type /90, 95, 98/, falls into this
category, classifying within the range of 1 to 100 ,um

/
with + 1 per cent accuracy.

In case of the other basic types, the slots in the im-
peller are not separated py radial walls, thus the
air flows along spiral streamlines towards the centre

/"upwards”/. The grain is affected by the resistance



of the medium and by the centrifugal acceleration in
the opposite direction; in case of a dt diameter,
equilibrium state will occur, and these grains will
move on a circular orbit. The smaller grains get into
the central discharge, whereas the greater ones into

the peripheral discharge unit /90/.

For the analysis of small amounts of laboratory sam-
ples, the so-called Bacho-Sichter unit is used /790,
69/. In case of 2.7 g/cm3 density, within 4 to 30 Sum
interval, it operates with about 2 per cent accuracy.
The ALPINE 132 MP unit /90, 95/, operated on the ba-
sis of the sample principle, but it requires 10 to
15 kg of sample, consequently it is only a semi-plart
size unit. It analyses between the limits of 2 to
40 Sum, with 1 per cent accuracy.

Application Fields of Determination of Grain-Size Dis-

tribution /86, 87/

a/ Determination of the grain-size composition of a
given grain assembly.

b/ Determination of the amount of grains above or below
the size limit, in raw material /in fractures/.

¢/ Control of operation of classifying, crushing, grind-
ing and dust-exhaustin¢ equipment,

d/ Determination of the desintegration degree.

e/ Production of determined-grade grains /fractions/ for

further tests.

Analysis Results and Their Evaluation

The results of the tests give the mass quota or the cu-
mulated mass quota related to the grain classes /81, 82, 82,
84, 86/,




The mass quota /mi/ is the proportion of the mass of the
fraction /qi/, related to the total quantity measured-in /Q/,

expressed generally in terms of percentage.

E.qg.: m. = qi/Q
2
where: Q =2 q;, or in percentage form: m., = 100 . a,”/Q.
i=1
2 2
The relationships = =1 or x mi = 100 have to be
i=1 i=1

true.

The grain-size class /or grain fraction, resp./ is an
assembly of grains within a narrow size limit: the part remain-
ing between two screens, or grains with a settling velocity
falling in between tne values corresponding to the two selected

equivalent diameters.

1. Display of the Grain-Size Distribution

Display of the grain-size distribution can be made by
tables, graphs or analytica'ly in the form of a function /81,
82, 83, 84, 86/,

a/ Display by tables is very simple, only the size of
the fractions and their mass quota “ave to be detail-
ed in columns. The specification, however, can be
started either with the largest or with the smallest
sizes, in positive or negative order. Cumulating the
mass quota in positive or negative order, the points
of the so-called sieve residue curve or falling curve

a~2 resulted.




b/

c/

Display by graphs: Plotting the calculated falling
curve /sF/ or the sieve residue curve /sD/ /cumulat-
ed mass quota %/ into a linear co-ordinate system,
vs. the grain-size /d/ in ,um, the distripbution func-
tion will result /this is a distribution function
also in mathematical sense, Sg = f/s/d/ or SD = f/sds /.
The density function of the distribution function can

also be constructed by graphic differentation, or by

equalizing the underlying area of the so-called bar
graph /81, 86/. The grain fraction limits must be
plotted onto the abscissa. then vertical lines /par-
allel to the ordinate/ must be drawn from these
points. Then the g, = A S,/ Adi quotients have to be
calculated, where: A Si represents the mass quota of
the fraction; Adi the difference or interval between
the grain limits of the fraction. The bar graph of

the density function is given by connecting the above
vertical lines horizontally /parallelly to the ab-
scisse/ at the height corresponding to the 9; frequen-
cy. Finally, drawing a continuous line instead of the
bar-tops, on the basis of the equalized areas, the
general form of the density function of the grain-
size distribution function will be given. / E:gi .

. A d;, = 1 or 100 per cent./

Analytic distribution functions can also be determin-
ed from the above results, based on the correlation
calculation or on construction /81, 82, 83, 84, 85,
86/.

Four significant /that is, the most frequently used/
grain-size distribution functions will be mentioned,
namely the Gaudin, the Rosin-Rammler, the normal and

lognormal distribution functions.
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Not all the constants and correlation coefficients of
the four functions are calculated generally, but the
test data are plotted in the diagram network corre-
sponding to the individual functions, and that func-
tion is selected, in which the measured points approx-
imate the best a straight line in the network. Then
the constants of the given function are determined by
the help of the correlation calculation. Most fre-
quently the RR /Rosin-Rammler/ and the Log.Norm. /log-

normal/ functions will be valid.

The Rosin-Rammler function is, in fact, a screen res-

idue curve, and most frequently it is expressed as

follows:
b
-(2)
d
sD = 100 . e
where: d = sieve opening and grain-size, resp.
a = constant /36.8 per cent grain-size/
b = constant /slope of the straight line in

the RR-net/

The function is generally valid for finer ground ma-
terials, and since it is very easy to determine, and
it can be related to other calculations, e.g. by the
determination of the crushing energy requirement, it
is the most important distribution function. The plot-
ting of the function was standardized, and the a and
b constants can be read off the standard RR-net di-
rectly, moreover, the product of the constant a and

of the specific surface area, from which the specific

surface area /cm2/g/ /OK/ can be derived by division.




The Kolmogorov lognormal distribution is valid, in
fact, for every grain assemblies, thus it has great
significance. Its disadvantage, however, is attributed
to the reiatively difficult formula, which is a fail-

ing curve. Its mathematical form is:

d _ 71nd - a/s?

100 2G 2
Sg = e d,

a.6 Vo

where: d = sieve opening and grain-size, resp.
a = constant /50 per cent grain-size/
G = standard deviation

2. Caleculation of the Specific Surface Area

The specific surface area can directly be calculated from
the measuring results, and it is valid for grains approximating

a sphere on the basis of the following relationship:

S.
1
d

i

where: Si direct mass quota of the fractions

a. = average grain-size of the fractions:
&

dJ + d/_j+1/ _

2

é: density of the sample

1 = number of fractions




Shapes deviating from the spherical one are taken into
account with the so-called "shape factor", which can be deter-
mined on the basis of the actual specific surface area measure-
ment, for each the material type: /A = Fmeasured/Fcalculated/'
The more the shape of the grains deviated from the spherical
one, the greater the "shape factor" will be /see Table 5.5/

/81, 83, 84, 86, 90/.

Shape Factor of Some Materials for Specific Surface

Area Calculation

Table 5.5
Type of the material Shape factor /A/
Spherical flue dust 1.22
Quartz 1.43
Powdered glass 1.90
Bauxite 1.80-2.10
Mica 9.27

fFinally, the actual specific surface are~» will be:

3. Average Grain-Size

Several average grain-size data can be calculated from
the grain-size analysis data, e.g.: simple mathematical aver-
age, averages related to the cross section, volume, mass quota,
specific surface area, etc., but only two calculation methods
will be discussed in more details, because of their signifi-
cance in the alumina industry /81, 82, 83, 86, 90/.




Di in the formulae represents the average grain-size ac-
cording to a certain principle; ni is the number of grains in
the fraction; di is the average grain-size of the fraction:
dj + d/j+1/ : 2 . Si 1s the mass quota /and volume quota,
resp./ of the fractions; 1 is the number of fractions and A

the shape factor.

a/ Average Weighed by the Mass Quota of the Screen

Divisions

1 1

b2 n . d? = s, . d

i=1 i=1 !
D, = =

1 3 1

2 n. . d S s,

. i 1 . 1

i=1 i=1

b/ Average based on the specific surface area: it is the
most important average data in the crushing techniques
and chemical industry /alumina industry/. It can be
calculated from the grain-size analysis data accord-
ing to the fo%lowing:

o - 100 or 0, - 100 ’
v :% (si) 1 /s,
Zi A z(—)
i=1 \9; i=1\9;

the latter is the more commonly used form.

From the analytically given grain-size function:

DF = 100 y where: s = f/d/

100 d

A . _s
J 5
0]
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The greatest problem of the calculation is the ne-
cessity to determine the minimum grain-size, which
affects the numeric value of the specific surface area
to the highest degree. The minimum size can generally

be determined by electron ray microscopes.

PHYSICO-CHEMICAL TESTS OF BAUXITE

SPECIFIC SURFACE AREA OF BAUXITES

The specific surface area of bauxites depends on its qual-
ity, on the deposit, its geological antecedents, composition
/such as the amount and quality of iron-containing constituents/,
mineral composition, etc. A generally acceptable relationship
is that the specific surface area of red mud produced form the
bauxite comes near to that of the bauxite. In the majority of
cases the surface area of red mud exceeds by 10-40 per cent
that of bauxite. The specific surface areas of some bauxites

are compiled in Table 5.6.

POROSITY AND PORE DiISTRIBUTION OF BAUXITES

The cunulative pore size distribution curve and the fre-
quency curve constructed from it by differentiation provides
informations about the amount and size of pores in the analys-

ed bauxite.

Bauxite is, in most cases, a raw material of high poros-
ity. Its pore size distribution considerably depends on the
place of its deposition and on the antecedents of the deposit
/71/ /Fig. 5.5/. Similarly to other materials its degree of

porosity and pore size distribution is re’ated to its specific

surface area /Fig. 5.5%/.




Specific Surface Area of Bauxites

Table 5.6
Place of origin Specific surface area
m2/g
- Haiti 39.5 + 1.9

Spinazzola Italy 37.6 + O.

Weipa Australia 21.9 + 2.

Halimba Hungary 12.0 + 2.

Mozanques Africa 11.0 + 3.1 i
Campo-Felice Italy 10.3 + S. '
Chatchidika Greece 2.4 + 1.

Fria Africa 2.3 + 2.

It can generally be stated that the porosity of bauxite
increases parallelly with the increase of the specific surface
area. The porosity increases slightly during the processing of
the bauxite. The total pore volume of unit weight red mud ex-
ceeds that of the bauxite by 10-30 per cent. The shape of the
pore size distribution curve of the bauxite can be used for
characterizing the red mud produced from it: consequently,

j knowing the bauxite’s pore size distribution, conclusion can
be drawn On the pore size distribution of its red mud. This

relationship is illustrated in Fig. 5.6.

!
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IMMERSION HEAT OF BAUXITE

The order of magnitude of the bauxites’ immersion heat is

illustrated on the basis of two Hungarian bauxites in Table

5.7.
Immersion '{eat o7 Bauxite
Table 5.7
Denomination of the material Immersion heat
Joule/m2
Halimba bauxite,
Hurgary 0.693
Dolomite bauxite of Halimba,
Hungary 0.365
Red mud of the Halimba bauxite, ’
Hungary 0.570
Red mud of the dolomite Halimba
bauxite, Hungary 0.760

The value of the immersion heat for bauxite is generally
0O to 1l Joule/mz, indicating that it is a material of high
surface energy. Immersion heat of red mud produced of the
bauxite is principally the function of the bauxite’s phase

composition and, of the immersion heat of the materials form-

iny from them.




MORPHOLOGY AND GRAIN-SIZE OF BAUXITE

In case of the bauxite types, the grain-size and the mor-
phology is discussed together, because of practical purposes.
The detailed analysis of individual mineral grains constitut-
ing the bauxites /107, 108, 109, 1107 started only when the
scanning electron microscopes wore .introduced. Formerly the
mineral components were tested by transmission electron micro-

scopes /111/. It was stated that the individual mineral grains

of most bauxites are smaller than 1 /um: the size of crystall-
ites of the Hungarian bauxites, for instance, 1is generally
between 0.1 to 0.3 yum /7112/7/. Although few systhematical data
are known only, it is obvious that the degree of crystalliza-
tion, size and morphology of the individual mineral grains is

not negligible as regards the technological processing /113/.

Besides others mainly geological factors, the space fill-
ing possibilities of bauxite are determined by the above para-
meters of individual crystallites. In most of the bauxites the
individual crystallites coalesce into smaller or greater as-
semblies and these assemblies as structural elements build up
the bauxites. From petrographical points of view, the space '
filling which can be analysed by the electron microscope pro-
vides more informations, than the so-called porosity, that is,
the percentage ratio of the filled and unfilled space /114/.

The size and shape of the unfilled spaces in the bauxites,
however, can vary considerably, independently of the fact wheth-
er the percentage of porosity is small or great. Bardossy, Csa-
nady and Csordas described the systhematic morphological anal-
ysis of bauxites of different age and geographical origin

/115/. Their conclusions will be summarized below.

Quaternary karstic bauxites have the smallest /50-200 nm/,
certain laterite bauxites of high terrain situation the great-
est /100,000-500,000 nm/ grain-size. The grain-size of karstic

bauxites without overburden is generally smaller by one order
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of magnitude at ieast than that of the laterite bauxites. The
reason of this difference is explained by the physical-chemical
effects ot the carbonate surroundings hindering the crystal

growth.

Generally, the smaller the grain-size of a bauxite mineral
is the more irregular the shape and surface of its grains are.
On the basis of X-ray and infra red adsorption analyses, the

same refers to its crystal structure.

The following space filling modes were discovered in the
analysed bauxites:

- assembly agglomeration type

- evenly microporous

- evanly compact

- webbed

- <collomorph sponge-like

- sceleton typc

- leached type

Agglomeration assembly space filling was experienced
only in karstic bauxites, whereas collomorph sponge-like and
sceleton type space filling was experienced only in laterite
bauxites. The remaining types can be found in both of the ma:n

types of deposits.

In case of karstic bauxites, the size of the individual
mineral grains increases, owing to the loaded strata, but main-
ly to the tectonic pressure. The loose aggregate space filling,
at the same time, starts to be compressed and is transformed
into evenly microporous, evenly compressed and finally into
textured with large crystals. The period of time - i.e. the
geological time - plays a subordinate role, because under un-
dusturbed superposition conditions the aggregate space fill-

ing form remained, even in bauxites of the carbonic period.




In bauxites emerged to the surface later the hypergenetic

processes bring about secondary-leached type space filling.

Out of tne laterite bauxites in the majority of the high
situated ones a crystalline, textured space filling has been
developed in most of them due to the very strong recrystalli-
zation. The primary-leached micro-passages are also frequent.
In some deposits evenly microporous and collomorph sponge-
like space filling may show up. In samples originating from
low terrain situations, evenly microporous and sceleton type
space fillings were detected. Space filling is generally more
compressed in case of the first group. The reason of the dif-
ference is principally explained by the fact that the high
situated deposits are laying considerably above the surface
level, whereas those of low terrain situation can be found
in subsoiir water level or hardly above. When the subsoil water
level rose - 1n the rainy season - the bauxite was rearranged

and rompressed.

Consequently, on the scanning microscope photos of baux-
ites, principally the deposition mode and the effect of the
subsequent processes are indicated. The differences 1in the
mineral composition affect the mode of space filling only to

a small extent.

Among the rock-constituent minerals of bauxites the gibb-
site and diaspore crystals may grow to the grecatest size,
whereas the boehmite crystals can only reach a size of a few
/um. Hematite and goethite crystals around are a few tenth’
/um in size. In bauxites built up of fine grains, greater
mineral grains of special shape can generally be found in the

micropores.

According to the technological experiences bauxites of

small grain-size, irregular grain shape and .oose¢ space fill-




ing are digested better and faster than those having the sane
mineral composition, but of more compressed space filling and

more regular crystals.

HARDNESS OF BAUXITE

The hardness of bauxites is a significant parameter as
regards their processing possibility: in the knowledge of this
parameter the preliminary selection of the bauxite grinding
technology /grinding: in bali mill, rod mill, granulitization
mill, in open or closed circuit/, and the estimation of the
expected wearing-off effects during the process becomes pos-

sible.

When defining the concep:- of hardness, the hardness of
the minerals has to be taken as basis, and this concept has
to be extended for that of the rock hardness and, specifical-

ly, of the bauxite hardness.

In the mineralogy, the concept of the surface hardness
of the crystal material is used strictly, meaning the degree
of surface resistance of the crystal body against mechanical

/principally scratching and abrasive/ effects /141/.

The value of surface hardness depends on which cryst.-1l
plane /hkl/ it is measured, and it also depends on the direc-
tion of the analysis, that is, it is a vector-type value
/71417,

The precise hardness testing methods - taking into con-
sideration the orientation - define absolute hardness, and
they provide the so-called hardness curves for each individual

crystal plane /1417,

The simple methods of hardness determination can only be

used for the determination of hardness in perpendicular direc-
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tion to the crystals face. Among the latter tests the Mohs hardness
determination is the most simple one, providing the relative !
hardness by comparison with minerals forming a standard hard-

ness-series /141/.

The bauxite as a rock can not be characterized by the
above concept of hardness, therefore, this concept will be
extended according to practical points of view, and the hard-
ness of the bauxite will mean its resistance against external

mechanical effects influencing its form.

Bauxite ~ being a sedimentary mineral - is the aggregate
of fine or relatively fine cohesive grains. The force required
to tear out a small grain or an assembly of grains off the
basic material /its surroundings/ will not be the function of
the individual grain hardness, but of their binding to each
other, that is, their cohesion. The hardness of the minerals,
though it affects the hardness of bauxite, is of secondary im-

portance.

Aiming at determining the characteristic /average/ rock
hardness, several grains have to be involved into the range
of tests because of the very different hardness and varying
intensity of their adhesion to each other, so a relatively
big sized sample must be analyzed. The necessary force to bring
about "unit shape deformation” in case of rocks is the func-
tion of the size of the analysing equipment, too. Similarly,
the plasticity of the rock also affects considerably the de-
gree cf resistance, consequently, the velocity of the action
of the shape deforming force /velocity of strain increase/
and the rate of the generated deformation also affects the
degree of the resistance. The tension distribution /degree and
ratio of tensile-, compressive- and shear strains/ of the ma-
terial induced by the force actions of the applied testing

means /graver, pressure plate, etc./ also reacts on the re-

sistivity. The compactness /continuity/ of the material is




also significant. The increase of porosity, for example, pro-
gressively decreases the resistance. /Pores and micro-cracks
are strain concentration centres, from where the breakage
starts./ Reducing the size of the test piece brings about a
decrease in the number of location c¢f faults, and thus the
solidity increases seemingly, indicating that test pieces of
several sizes should be aralysed. In case of test pieces of
greater size it is a characteristic feature that, besides the
orientation characteristic for the minerals, too, the changes
of the microstructure /lamellar structure, crack-net, etc./
taking place due to the effects of microtectonic movements at
the genesis of the deposit, cause the solidity to be of even
more oriented character /81, 82, 83, 138, 139, 140, 114,
142/.

Consequently, samples of several sizes and orientations
should undergo standard crushing tests in the laboratory /139,
140/. The series test would create the opportunity to follow-
up the intensity of cohesion, in the YTunction of different
parameters., The cohesion can be calculated on the basis cf the

following relationship:

where: T’: shear stress, in the function of the effective
G normal stress,

internal angle of friction and the slope angle ot

O
"

the tangent of the Mohs stress circles.

The theoretical testing possibility would be to take a
sample of correct orientation from the deposit and to produce
of it test pieces of regular shape of different sizes and

orientation, and to perform compression and shear tests with

those at different stress rates. This would be a considerably
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time-consuming and difficult test series. Finally, based on

the analysis of the resulis, the relationship with the differ-
ent measuring units /grindability, wearing-off effect, fragib-
ility, hardness, stoping- and drilling characteristics, volatil-
ity, etc./ could also be determined by different technical
measuring units, with the knowledge about the functions of the

cohesion /c/ changes /139, 140/.

In the practice, however, it is not expedient to perform
this test, since the result of a circuitous and tiresome series
of tests owing to the great regional inhomogeneity of the baux-
ite deposits, will be valid for a very little area only. Con-
sequently, measuring units which can directly be used and which
are easy to determine are applied, as follows: Mohs-hardness,
comminution-, drilling-, stoping- and grinding characteristics.
/Drilling and stoping tests of mining character are not going
to be discussed herewith, 81, 114, 14, 142, 143, 144, 145,
146, 151, 152, 1ib3./

The Mohs-hardness determination of bauxite 1is performed
by geologists, in the period of geological research. The meas-
ured figures provide informatory data for the preliminary de-
sign and for the research. On the basis of the Mohs-hardness,
the bauxites are classified into 7 hardness groups, and the
hardness distribution of the world’s stock diccovered up to

the present has been worked out, too /Table 5.8/.

Grinding hardness test is a suitable figure for evaluating
the degree of wearing-off effect, in case it is carried out by
grinding a standard material with a determined siznd grist
/powder/ of the bauxite to be determined, and the wearing-off
is measured. The measuring can be connected, for instance, to

the determination of the grindability measuring figures, so

that the weight reduction of the mill’s ball-load is measured
/141, 150, 151, i53/.




Comminution test has become the most important indirect
measurement of the bauxite’s hardness and solidity, respective-
ly, it is easy to perform it in the practice, and it serves as
basis during th~ designing period, for the design of grinding-
section and for taking into consideration of tte wearing-off
effect /144, 145, 146, 151, 152, 153/.

The comminution test can be regarded as the crushing of
several test pieces of different shapes and sizes with a dif-
ferent direction of stress. Evaluation is carried out by the
special methods of comminution technique. Theoretically, the
actual hardness /cohesion/ can also be deduced from the measur-
ed figures of special comminution characteristics, but as it
does not provide more information for the practice, in most

cases it 1is negligible.

Classification and Distribution of Bauxites

According to Hardness

/Gy. Bardossy: Karstic Bauxites/

Table 5.8

Proportion related

Hardness category Mohs-hardness to the total
reserves, %

1. Extreme hard above 8.0 1

2. Very hard 4.0-8.0 23

3. Hard 3.0-4.0 22

4. Medium hard 2.0-3.0 15

5. Low hardness 1.0-2.0 20

6. Loose 0.5-1.0 18

7. Unbound 0.1-0.5 1

Total: 100




The validity-range of the grindability measuring units
is very limited, being valid orly for that medium and type of
mill in which it was determined. Consequently, the grindability
tests have, by all means, to be performed in the same medium
as the grinding in the plant /e.g.: in the digestion liguor/.
Water and the surface-active substances /dispersing agents/
dissolved in it reduce the surface tension and the cohesion
and this brings about a significant decreasing effec: on the
grinding energy requirement. Beyond the applied grinding medi-
um, the mode and rate of usage is also atfected by the individ-
vual mill types. Apart from this, the stress distribution /ratio
of compression and shear stress/ depends on other factors, be-
sides the geometrial conditions. On the basis of the above,
the production of a model-equipment for grinding technique
tests purposes 1s not a simple task. The theoretical basis of
grinding technique tests lies in the fact that efficient energy
used for comminution /wm/ can be determined; moreover, the
grain-size distribution of the grist provides the opportunity
to test the effect of this energy input, too /81, .38, !<7-
i537.

The energy consumed for comminution /wm/, from technical

aspects, can be calculated by extracting the /W / energy used

k
for overcoming the external mechanical fricticn and the energy
/wb/ used up for overcoming the internal friction depending
on the mode of operation of the mill from the total energy
/W/ required for the operation of the mill /e.g. ball friction
and load lifting energy requirements/. The /wb + wk/ value can
be measured in idle-running. The relationship can be described
i = 81, 83/.
in the W wm + wb + wk form /81,

Part of the energy used for the grinding /W _/ causes flex-
ible deformations and is transformed into heat, thus the actua;

energy used up for the crushing /W _/ represents a minor part

h
of the comminution-energy requirement. The relationship can be

illustrated in the wm = W _ + wr form /81, 83/.

h




With the help of the above partial energies, two relation-

ships can be produced for the grinding efficiency, of which

x
x

h _ h

] W + W + W
m

7 =

R STy

is a characteristic relationship beth for the equipment and

the material, whereas the following relationship,

o~
1]
3 |,

t’ gives a characteristic efficiency principally for the material

/its flexibility, plasticity/ /9 t<3:7n/'

Approaching the problem from the point of view of the
ground material, the value of the efficient energy /wm/ can be

deduced /though only approximately/, on tne basis of the so-

called "grinding theories". According to the first /Rittinger
/ 153/ comminution theory, the comminution energy requirement
is proportional to the originated new surface, whereas the

second theory /Kirpicsev /149/ and Kick /150/ 7 states that

it is proportional tc the original volume /sice/ of the grains.

Bond combined the two rules into a sc-called thir® rule

/151, 152/ which is theoretically more reliable. Later the
theory was further developed, as not only a certain notable
grain-size was taken into consideration but the grain-size
distritbution itself, too /1, 12, 13, 20/. The most general

formula can be described as follows:




o (e - —e) (o)
n2 . X2 nl . Xl
where: X, = 80 per cent amount of the original distribution
%2 = 80 per cent amount of the fracture distribution
Ci = the so-called "energy index"
n, = regularity factor of the original RR® distribution

function
n, = regularity factor of the RR fracture distribution
function

k. and k2 = exponents

*Note: RR is the symbol of the Rosin-Rammler grain-size dis-

tribution function.

If kl = k2 = 1/2 and n,=n, = l, the original Bond for-

mula is obtained, but it can be that kl =n, and k2 = n,,

/The Schumann distribution function can not be used!s/ /81/

too.

The Ci energy index is generally given as the energy re-
quirement for grinding a material of the same mass /J/g/ or
of the same volume /J/cms/ /81, 145, 153/.

A generalliy applicable method is provided on the basis of
the above principles for the comparison of the grindability of
certain materials /in the same mill/ or for the selection of
the most efficient mill type related to a certain material
and to optimize its operational parameters /81, 145, 146,
1527,

Bond elaborated his standardized grinding technique test
after the optimization of the operational conditions of the
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ball mill. The essence of the test is that the specific energy

requirements of different materials /c_,/ can be determined by

3
their dry or wet grinding in a standardized ball mill with sim-

ilar grinding energy input /during 100 turns of the mills /81,
83, 145, 146, 151, 152/.

The result can a2lso be given by calculating the grinding
energy requirement of the materials from their infinite grain-
size /x, = Oo , surface energy content = O, because 1/Vx1 = @/

1

to below 100 ,um /the surface energy increment being X, =

= 100 /um/: i.e. wi, the so-called "comminution index*" on the

basis of the following formula /78l/ is:

This w.1 index can be used further similarly to constant

c, of the specific energy requirement /81/. The energy re-

3
quirement of an optional degree comminution is namely:

i uxl_ sz @=w _M. 100 /J/cm3/

x ‘5 1 \/\) X5

W =W

where: 0 = x./x_, = degree of comminution

The facts detailed up to now refer to the single grind-
ing, that is the so~called '"open grinding"”, whiereas the Bond
test can be used for constructing a model of the circuit grind-
ing process as well. Stopping the mill after 100 turns, the
grist is screened through a sieve corresponding to the requir-

ed grinding fineness /320 ,um, for example/, the material fall-

/
en through the sieve is weighed and the coarse fraction is sup-
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plemented by the raw material of the same amount, to bring it
up to the original amount. The process is repeated as long as
the amount of the material falling through the sieve becomes
constant. The amount of originally ‘iner grains is subtracted
from the stationary amount, then the remaining weight is divid-
ed by the number of revolutions: the resulting /G/g/rev./ weight
is called the "ball mill grindability”. The sieve residue de-
termines the recycling coefficient. The recycling coefficient
is generally accepted in advance to oe 250 per cent, but in
this case the revolution number of the second and the subse-
quent stages must also be calculated /and it will not be 100/.
Of the 3.5 g material fed in per one revolution, 1 g final
product is to be gained during the same period which is called
"intentional final product”. On the basis of the latter, the

empirical work~index reads:

where: Xy = represents the size of the opening of the limit

screen.

/In case if for the recycling coefficient a different
value is given than 250 per cent, the above formula is no
longer valid, and the whole calculation method of the c, in-
dex has to be carried out; 81, 146, 151, 152, 153./

3

It has to be mentioned that the Bond test is applicable
even in case if only the lognormal distribution can be used
ingstead of the RR distribution, though in this case the cal-
culation is much more difficult. The Bond energy theory in-
cludes any other theories as limitations or intermediate cases,

consequently, its application is unlimited /81/,




The Hardgrove number is the other grindability measuring
unit /146, 147/. It is rather easy to determine, but it has a
disadvantage, namely, that it 1s suitable to the dry tests only.
Its mechanical and technical value is low, as regards the
alumina industry. It can only be used for testing the grind-
ability of any ore, in case the validity of the Rittinger
/surface/ theory is provable, but this applies only in case of

coarser grinding /81, 146/.

It has become widespread in practice very quickly due to

its simplicity. /This can not be stated about the Bond test./

The means of determination is the so-called Hardgrove
mill, a ring-shaped grinding vessel in which 8 balls of 25.4 mm
diameter are rolling with constant load. From the sizes falling
between 0.59 and 1.19 mm, and produced from the sample by
screening, 50 g grain fraction is measured in for a test. The
result can be calcula.2d by means of the following relation-

ship:

H=13 + 6.93 ¥

where: W = the amount of the material /g/ fallen through the

0.074 /um mesh screen.

DENSITY OF BAUXITES

In the course of a complex investigation of bauxites aim-

ing at determining their commercial value and processibility

the density respectively volumetric density are also determin-
ed.
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The knowledge of density respectively volumetric density
of the bauxite will be of importance at the areas and runc-
tions as follows:

- mining: - account of production

- checking of the ore kept in the stockyard

- alumina plant design:

- dimensioning of the transporting systems,
stockyards and equipment
. - calculation of the technological material

balance

- alumina production:
- control and inspection of the process in the

alumina plant

The density of bauxites is the mass comprised in the unit
volume.

Its dimension is: g/cm3 or kg/m3.

Considering that the bauxite is a heterogeneous material
the density of bauxites is the average density of minerals
constituting the bauxite, its value being the function of the

mineral composition of the bauxite.

Average density of main componenets of the bauxite are

enumerated in Table 5.9, while the density of some bauxites

are shown in Table 5.10.




Density of Main Mineral Components

of the Bauxite !

Table 5.9

Mineral Density, g/cm3

Gibbsite 2.39
Boehmite 3.04
Diaspore 3.40
Goethite 4.30
Hematite 5.25
Anatase 3.90
Rutile 4,20
Kaolinite 2.65
Quartz 2.66
Calcite 2.68

Dolomite 2.85%




Density of Bauxite and Rec Mud Samples at 25 °c

Table 5.10
Place of origin Density, g/cm3
bauxite red mud
Ghana: Kibi 2.73 3.0%
Aya Nyinahin 2.795 3.05
Greece: Eleuses 2.95 -
India: Amarkantak 2.86 3.20
Jamaiza: S.Manchester 2.70 2.97
Jugoslavia: Vlasenica 2.85 -
Niksic 3.19 -
Kosovo 3.01 -
Hungary: Halimba 2.87 3.20
Iszkaszentgyorgy 2.91 3.18
Vietnam: Lang Son 3.00 -




e .

The change in the bauxite composition, the effect of some

minerals on the density of bauxite are shown below:

Type of bauxite Density, g/cm3

Gibbsitic, goethitic /hematitic/
/Jamaica/ 2.7-2.8

Gibbsitic-boehmitic, hematitic-

goethitic /Hungary/ 2.8-3.0

Diasporic-hematitic /Greece/ 2.9-3.2

It can be seen from the above that the density increase
as the gibbsitic feature of bauxites decreases /ever a nearly
similar Fe203 content/.

Several methods may be used for the determination of den-
sity of bauxite. however, the well known pycnometer method is
the most widely used and the most expedient one, as it is easy

to perform,
VOLUME DOENSITY OF BAUXITES

By the v~lume density /apparent density/ of bauxite the
mass of lumpy bauxite which can be filled into the unit vol-
ume /usually 1 m3 or litre/ is meant. Its dimension is: kg/m3

or g/l.

When determining the volumetric density the tested lumpy
bauxite is filled under identical circumstances into a contain-
er having unit volume and the mass of the filled in bauxite is

weighed.

The volumetric density is influenced by several factors

/the grain-size of the b§uxite, its moisture content, degree

of standardization of the measuring conditions, etc./, thus




the comparison of these figures is only possible if the results

were obtained by following strictly similar methods.

PHYSICO-CHEMICAL INVESTIGATION OF RED MUDS

SPECIFIC SURFACE AREA OF RED MUDS

The specific surface area of red muds depends on the
quality of bauxite, tne amount of the individual components,
and the processing technology. The extent of the surface area
of red muds produced at identicai parameters of a given tech-
nology influer-es its settling and filtration capability. In
order to illustrate the above the filtration @pacity is plotted vs. the
specific surface area in Fig. 5.6. As it can be established
from the relationship the filtration capacity decreases if the
surface increases. This /in addition to the relationship be-
tween the grain-size and pore size/ 1s the consequence of the
fact that the red mud having larger specific surface area and
higher /surface/ energy related to the un‘t weight agglomerated
better, the energy of interaction among the particles 1s high=-
er, thus the filter cake becomes compacter and the filtration

capacity decreases.

POROSITY AND PORE SIZE DISTRIBUTION OF RFD MUDL

The pore size distribution of red muds preserves the
character of the pore size distribution of the corresponding
bauxites /Fig. 5.7/. “he knowledge of their porosity and pore
size distribution can be utilized in the determination of the
morphology of the red mud and in the industrial scale 1n the
red mud washing process. An actual example can be giver for
this in the Pikalevo alumina plant /%oviet Hnion/ where the
porosity of the burnt nepheline ore is routinewise measured
in the plant and the parameters of leaching respectively wash-

ing are set accordingly /73/.
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IMMERSION HEAT OF RED MUDS

Tables 5.7 and 5.11 provide information about the immers-
ion heat values measured with red muds and red mud components
in water. On basis of the data it has been established that the
above materials are powders possessing high surface energy.

The immersion heat values lie mostly in the range of 0.16-1 J/mz.
The data of the tables furnished information for the optimiza-
tion of the operation of the Dorr-type settlers 1in the alumina
plant. The immersicn /adsorption/ heat relations determined on
the same red mud in the functicr of concentration or molar
ratio of the sodium aluminate liquor can also be used for the
same purpose. The relationship given in Fig. 5.8 draws atten-
tion to the dependence of the adsorption of the organic sub-
stance on the molar ratio and also enables the determination
of the molar ratios corresponding to the maximum respectively

minimuin adsorption.

Immersion Heat of the Red Mud Components

Table 5.11

. . 2
Material Immersion heat, Joule/m

Mg Al ,/A1,810,/0  /OH/g * 0.660
3Ca0.A1,0,.kS10,/6-2K/H,0 * 0.848
3NaA1$i0, . Na,CO, 1.4%50
MgAl,0, * 0.745
CaTio, 0.697
FeQ/OH/ 0.386
MgTi0, * 1.684

*The asterisked materials resulted during Bayer digestion an

the reaction of dolomitic bauxite with the aluminate Liquor,
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MORPHOLOGY OF RED MUS
GRAIN-SIZE DISTRIBUTION OF RED MUDS

The phase conditions of the Al -H_O system /133/

2937Fe,0;7H;

and the Fe203—H20 system /134/ and their possible phases those
have been examined by Wefers during his systematic investiga-
tion he has studied the morphology of the individual phases by
means of a transmission electron microscope. From the point of
view of the modification of the technological processes nct
only the morphological properties of the raw materials, however,
those of the intermediate products, i.e. the components of the
red mud are of importance /135, 136/. The morphological proper-
ties are of importance from the point of view of the technolog-
ical processes, the senaration of red mud and the washing pos-
sibilities. The amount of the solution retained in the material
depends on the total volume of pores while the washabiiity of

it depends on the size of the pores.

The small grain-size product formed as the result of the
chemical process is in majority in the red mud. These parti-
cles, mainly less than 100 nm in size, surround and cover the
larger ones, for instance the undigested mineral particles.
Just due to their small size and owing to their heterogeneous
state the transmission eleciron microscope is p) imarily suit-
able for their testing. The following statements have been
made /137/ in the course of testing red muds and its individ-
ual components by means of the direct transmission electron
microscope respectively covering replicae, and by means of the

scanning electron microscope:

In the red mud /speci’.~ surface area 18.4 m2/g + 1.6 %/
every kind of individual particle sizes ranging from few-fold
10 nm to .everal times 10,000 nm can be observed. Sicze of
majority of the particles is about 100 nm. They are mainly
cigar shaped /goethite/ and their minor portion has a hexagonal

facet from /hematite/.
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The synthetically produced chloride sodalite /spec_.fic
surface area 12.2 m2/g + 2.2 %/ is ccmposed of individual
crystals of different size ranging from 100 nm to several times
10,000 nm. These are angular facelets resp. small plates defi-

nitely liable to agglomeration.

The synthetically produced goethite /specific surrace
area 115.4 m2 + 1.9 %/ is composed of needle respectively cigar
chaped particles 10-100 nm in size. These particles aggregate
in a mat=rial-like form,

The synthetic Ca-aluminate /specific surface area 1.3 m2
+ 5.7 %/ consists of mainly rounded-off particles ranging from
100 nm “¢ 10,000 nm in size. The rounded-off shape enables
cnly loose coherence. Within the ~ 10 Sum /10,000 nm/ parti-
cles the crystalline particles smaller by about 2 orders of
magnitude are located. The syntnetic Mg-AlSi /specific sur-
face area 37.7 m2 v 0.4 %/ consists of comparatively uniform
small plates about 100 nm in size, Due to the above mentioned
shape and s:ize it can easily agglcmerate to larger aggrega-

tione.

The abcve outlined morphologic features motivate the dif-
ferent effects of various phases constituting the red mud on
its settling and washability, and the formation of the pore
structure, i.e. the void places of the lattice structure com-

posed of the particles described above.

DENSITY OF RED MUDS

The definition and the determination of the density of
red mud is analogous to that described in case of bauxite.
Its value ranges from 2.0 to 3.5 g/cm3 depending on the min-

eral composition of the mud.




The increase of hematite content of red mud and/or the
decrease of the amount of undigested Al-minerals result in the

increase of density.

The knowledge of the density of red mud is very important
at the mechanical and structural designing of the equipment,
furthermore at the plant control and supervision /for instance
red mud settling anc washing/ in the alumina plant. The density

values of some red muds are enumerated in Table 5.10.

PHYSICO-CHEMICAL INVESTIGATION OF ALUMINA
HYDRATE AND ALUMINA

SPECIFIC SURFACE AREA OF THE ALUMINA HYDRATE AND ALUMINA

The specific surface area of the alumina hydrate depends
on the technology and the parameters of the precipitation
process. The knowledge of the extent of the surface area of
the alumina hydrate supplies useful information for the im-
provement of the efficiency of precipitation. In certain plants,
particularly in those producing sandy alumina - the amount of
seed hydrate to be charged to the precipitation process is
determined by the help of the measurement of its specific sur-
face area.

The specific surface area of the coarse-grained or so-
called sandy alumina hydrate exceeds several times that of the
floury alumira produced by the European Bayer technology. While
the latter has a specific surface area of 0.1-0.,2 mz/g the
former can even attain at 0.6 m2/g. By a special process a
bayerite-typeo Al/OH/3 haviny a specific surface area of 200-

300 m2/g can also be produced.

The calcination process of the alumina hydrate can be fair-
ly traced by the measurement of the specific surface area /Fig.

5.9/. In order to illustrate the above the change of tne spe-
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cific surface area of the Al/OH/3 and the A1203 has been plot-
ted vs. calcination temperature in the figure. The curve fair-
ly indicates the temperatures of the water-release of the
A1/OH/3 and decrease of specific surface area connected with

the transformation of the crystal structure of the A1203.

On basis of the figure it can be established that the spe-
cific surface area of the "properly" calcine¢ /having higher
~alumina content/ alumina is in the range of 5 to 20 m2.
/This figure is in good agreement with those measured in the

plant./

The above values relate to the alumina produced by the
turopean Bayer technology. The surface area of the alumina
produced by the American Bayer technology, is in the range of
30-100 m2/g. /Table 5.12/




Physico-Chemical Properties of Alumina Samples

Table 5.12

ALCAN-Ewarton

ALCAN-Kirkwine

Grain-size distribution /%7 plant plant ALCOA ALPART Stade Ajka=-2
above 160 ,u 0 0 5.8 7.8 0.1 0
100-160 ,u 38.4 5.4 34.9 39.2 9.9 8.6
80 -100 ,u 34.0 23.8 25.2 24.6 15.0 8.4
71 - 80 ,u .0 21.4 10.2 6.2 11.0 2.8
63 - 71 Y .0 2.8 5.0 4.2 5.4 15.0
56 - 63 Y 5.4 16.2 5.1 5.4 10.2 2.2
45 - 56 ,Y 5.0 18.6 6.6 6.0 22.0 18.0
below 45 ,u l.2 11.8 7.2 6.6 26.4 45,0
30 - 45 u 0.5 2.4 0.6 0.9 2.4 5.9
20 - 30 ,u 0.6 8.3 3.4 3.3 11.3 13.0
10 - 20 U 1.0 2.5 1.9 3.7 12,3
0 - 10 ,u 0.1 0.1 1.0 0.5 3.0 13.8
Average grain-size @ ,u 8l.1 61,2 85.6 89.6 53.4 39.4
Characteristics of the material 1 2 3 4 5 6
ol ~-content, % 4.0 17.0 36.0 11.0 5.6 55.8
angle of repose, 31.80 32.95 35.45 33.75 - 34.8
specific gravity 3.23 3.46 3.69 3.43 3.51 3.80
loose volumetric density, g 967 926 966 927 - 1011
shaken volumet~ic density, g 1120 1120 1170 1110 - 1340
specific surface area, m2/g 102.1 74.8 31.5 66.? 56,2 £.2
+ 3.8 + 1.2 + 3.4 + 1.6 + 1.6 + 2.5

6.-6G
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PCROSITY AMD PORE VOLUME DISTRIBUTION OF THE ALUMINA
HYDOR&TE AND ALUMINA

The Al/OH/3 crystais consist of very poor porosity parti-

cles limited by comparatively compact crystals /22/. The very
small specific surface area values are also indicative of the
former statement. The knowledge od their porosity and thus the

pore size distribution has no practical importance.

According to their comparatively large specific surface
area the aluminacs are highly porous substances. It is partic-
ularly important to know the porosity and pore size distribu-

tion of the special A1203-base products /adsorbents, siccatives,
catalyst carriers rs and abrasives/ the csurface area of

..... yst er fille
. 2 . .
which exceeds 100 m /g /fig. 5.2/. It ~an nameiy be establish-

ed from the data of the size distribution to what extent the

pores of the adsorbent are accessible for the adsorbate.

In the case of catalyst carviers the possibility to carry
the catalyst laycr onto the carrier, and the possibility of
the penetration of the substances to be catalyzed into the
pores car be decidcd with the knowledge of the distribution.

In the‘case of fillers the bond strength between the fill—-
er and the basic substance may depend on the pore size. In this
case, the requirement in relation to the filler is a stipulat-
ed and optimal pore size, and pore size distribution, respec-

tively.

In case of abrasives the pore size distribution curve
gives information about the strength of the particles and the

amount of grinding edges, corners, etc.

In the case of alumina produced for metallurgical pur-
poses the knowledge of porosity and pore size distribution is

of less importance /Fig. 5.4/. Their knowledge can give infor-




mation about the strength of the particles. If the alumina is
used for binding the fluorine content of the stack gases of the
smelter, in order to meet the requirements of the ecological
protection, the knowledge of the aistribution function will be-
come necessary on the basis of reasons mentioned at the adsorb-

ents.

IMMERSION HEAT OF THE ALUMINA HYDRATE AND THE ALUMINA

In the case of the alumina hydrate and the alumina the
immersion heat has no practical importance. When grading these
materials, furthermore when characterizing their behaviour un-
der varying technological conditions, however, it is already
widely used. It is felt to be useful for the characterization
of the "adsorption capacity", "surface energy level” and -
transferred - "activity" of the hydrates of various grain-size.
The order of magnitude of the immersion heat of a product hy-

drate for virious times of storing is given in Table 5.13.




The Change of Immersiun Heat in the Function

of Time
Table 5.13
. ; Adsorption/mmergion heat Storing
Denomination Joule/m3 medium
Product hydrate from
Magyarovar 1.322 + 5.5 % Sodium alu-
Prcduct hydrate from minate liq-
. . . uor; of
Magyarodovar after storing 100 a/1
for 312 hrs 1.162 + 3.1 % Na o]
Product hydrate from 2 caustic
P . concentra-
Magyarovar after storing ti d
for 816 hrs 1.063 + 4.2 % ton an
- 2.5 molar
Product hydrate from ratio
Magyardvar after storing
for 1488 hrs 0.677 + 2.3 %
Product hydrate from
Magyardvar after storing
for 2736 hrs 0.744 + 5.4 %
Product hydrate frnom
Magyarévar 1.322 + 5.5 % 3 % HC1
Product hydrate firom solution
Magyardvar after storing
for 312 hrs 1.042 + 3.2 %
Product hydrate from
Magyardvar after storing
for 816 hrs 0.898 + 3.3 %
Product hydrate fron
Magyardovar after storing
for 1488 hrs 0.907 + 5.1 %
Product hydrate from
Magyardbvar after storing
for 2736 hrs 0.663 + 8.6 %




MORPHOLOGY OF THE ALUMINA HYDRATE AND ALUMINA

GRAIN-SIZE DISTRIBUTION OF THE ALUMINA HYDRATE AND ALUMINA

The aluminium hydroxide crystals produced during the pre-
cipitation process in the Bayer process are always mainly of
the polycrystalline character. The informations concerning the
polycrystailine character of the aluminium hydroxide had been
based o: investigations carried out by means of the optical
and transmission electron microscope up to the 70s /7116, 117,
118/. High impulse was given to the research work by the use

of the scanning electron microscope /119, 120/.

The aluminium hydroxide monocryctals bclong te thoe monc-
clinal crystal system and occur in the form of pseudo hexagonal
platelets and prisms. The various modifications of the perfecc
form came into being by polycrystallization. The most impertant
types of the latter are as follows:

- crystals which came into being by normal growth

- crystals bearing needles and platelets on their surface

having come into being by abnormal growth

- aggregations and afgglomerates of the two former.

It is easy to discriminate aggregations from agglomerates
morphologically. This can partly be made on the basis of the
shape of the polycrystals partly on basis of the surface mor-
phology. Tne crystals forming the agglomerates tightly coal-
esce, no sharp boundaries can be found at the juncture of the
crystals and their shape is of symmetrical structure. The ag-
gregations are built up of sharply discriminated crystals and

at some places gaps can also be found among them.

According to the literature of this area the largely oval
particles come into being by the aggregation of smaller crys-
tals and the spherical particles, in turn, mainly by the growth

of the seed crystals present in the solution.




The formation of small-sized / 10,000 nm/ particles is

promoted by the following factors:

a/ due to high oversaturation /contamination, amount or
seed hydrate/ of the solution numerous secondary Crys-=
tals can form which, depending on the circumstances
of stirring, can break off the surface of the seed
crystals;

b/ in case of vigorous stirring several small crystals
get into the solution due to fragmentation and wear

of the particles.

According to the character of space utilization of the
aggregations one can differentiate among loose aggregations
being composed of many crystals of different size, more com-
pact aggregations composed of nearly similar sized crystals
and aggregations wherein the constituting crystals are tight-

ly grown together /agglomerates/.

The character of the space utilization is in close rela-
tionship with the technological conditions, for instance the
vigorous stirring hinders the agglomeration and if loose
aggregaticons are dominating in a sample, a vigorous stirring

can be supposed.

The dissected surface structure on the individual crys-

tals is traceable to the deficiency of growth.

From the technological point of view the following proved
to bz the most important morphologic parameters of the alu-
minium hydrate polycrystals /121/:

- Size and shape of the par:cicle

- Space fillung up of the aggregations

- Surface structure

- Waved basis plane

- Waved prism plane

- Peeled off peaks and edges

- Number and size¢ of the secondary crystals




By particle size in the case of spherical shaped parti-
cles the diameter is meant, in the case of oval grains, in
turn, their iength and width is meant, the quotient of the two
is characteristic of the deviation from the spherical shape.
The peeled off peaks and edges may be in connection with the

intensity of stirring.

The quantitative evaluation of the morphologic content
/particle size distribution, connection between size and shape,
size of the individual crystals, size of the agglomerates, num-
ber and size of the secondary crystals/ of the scanning elec-
tron microscope shots is carried out by means of picture ana-
lyzers /122, 123/.

The combination of the scanning electron microscope and
the picture analyzer has been used by White and collaborators
for the characterization of aluminium hydroxides and oxides
of different origin /124, 125/.

In the practice, from the point of view of the technology,
both the morphology and the grain-size have decisive role. This
statement is true in the formulation according to which also
the technology decisively affects the morphology, grain-size
and distribution nf the alummina hydrate. This relation is un-
equivocally proved by the alumina hydrates resulting in the
precipitation processes of both the European and American
Bayer technology /121/.

The morphology, grain-size and grain-size distribution of
the alumina hydratc is also decisive from the aspect of the
corresponding physico-chemical properties of the alumina. This
is particularly important, because during the calcination of
the alumina hydrate generally peeling-off occurs. This state-
ment is not valid in every case when caicination is carried

out in the presence of mineralizators.




The researchers have been highly concerned themselves
for some decades with the transformations, recrystallization,
water release and morphologic changes taking place under ther-
mal effect of the aluminium hydroxide - oxidehydroride - oxide
system., The starting materials, production methods test con-
ditions and vide variety of testing methods resulted in a large
stock of literature /126/.

Materials produced by heat treatment became more and more
important from the point of view of practical use. In the
course of their application apart from the chemical and physi-
cal structure the morphologic properties proved to be also im-
portant /127/. The size shape and surface structure of the
particles formed by the calcination of aluminium hydrate pro-
duced in the course of the Bayer process decisively affect the
properties related with material handling and transport: the
angle of repose, the volumetric density and the liability to

dusting.

The murphologic parameters are directly connected with
the chemical and physico-chemica! features of the material,
for instance with the solubility in cryolite or with the water

adsorption.

Concerning this relation some more examples can be found
1n the application of aluminium oxides for other industrial

use, too /adsorbents, catalysts, abrasives, etc./ /128/.

The morphologic conversion of the products resulting
during the heat treatment of aluminium hydroxides has been
studied by Wefers by means of the transmission electron micro-
scope /129/. He stated that the dehydration of gibbsite took
place during the laminar splitting of the original gibbsite
crystal. It is known on the basis of other measurements that
the conversion process highly depends on the antecedents of

the a2luminium hydroxide - aluminium oxide. By the help of




transmission electron microscopic tests carr.ed out on products
°c, 1200 °c and 1400 °c

of industrial aluminium hydroxides from Ajka with 40,000 to

obtained by the heat treatment at 825

60,000 nm dimensions the internal crystalline structure of the
transforming pseudohexagonal configurations could be observed
/130/. The internal recrystallization of the pseudohexagonal
configurations is also accompanied by the change of the surface
morphology. This had been studied by the help of covering rep-
licae in transmission and scanning electron microscopes, res-
pectively /131, 132/.

According to observation, the morphologic change of the
surface area of the pseudohexagonal particles occurs at the
heat-treated state at which, according to the X-ray tests, the
formation of the oC—Al2O3 phase has already started. Accord-
ing to the X-ray tests if a product, containing already 100 %
of of-A1203 is further heat-tr: -ted the surface structure will
change further. This change of the surface can be explained by

the recrystallization process of th. stable phase.

On the original gibbsite forms in the course of calcina-
tion the coarsening and furrowing of the surface becomes more
intensive depending on the temperature and time of heat treat-
ment. This is the morphologic consequence of the forming lami-
nar structure. Additives highly influence the morpho.ogic

changes.

Examples of the grain~size and distribution of alumina
are shown in Table 5.12. In the rable numeric values of some of

their physico-chemical features are also given.
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DENSITY AND APPARENT DENSITY OF THE ALUMINA HYDRATE
AND ALUMINA

The definition and determination of the density of the
alumina hydrate and alumina is analogous with those described

in previous Chapters for bauxite and red mud.

The knowledge of the density will be of importance at the
designing work, control and supervision ¢f the production and

the metallurgical utilization of the alumina.

The knowledge of the apparent density of the alumina is
even more important because this provides indirect information
about very important parameters, i.e. the grain composition
and the surface condition of the particles, connected with the

gradirg and qualification of the alumina,

The apparent density varies ac .rding to the type of the

alumina produced /floury or sandy/ in the following ranges:

Type of alumina Apparent density, g/1
Floury alumina 950-105G6
Sandy alumina 850~ 950

The density and apparent density of some alumina samples

are indicated in Table 5.14.




S ve -

Density and Apparent Density of Alumina

Samples at 25 °C

Table 5.14

Density Apparent density

Place of origin g/cm3 g/l

Czechoslovakia: Ziar - 1017

Jamaica: Alcan-Eviarton 3.23 967

Alcan-Kirkwi. e 3.46 926 l

Alcoa 3.69 966
Alpart 3.43 Q27
Hungary: Ajka 2 3.80 1011
Almasfizitd 3.70 1125

W.Germany: Stade 3.51 -

Italy: Porto Marghera - 970

USHA: Baton Rouge - 930




THERMAL CONDUCTIVITY OF ALUMINA

The thermal conductivities of the various aluminas differ
from each other. The thermal conductivity 1s necessary first
of all at the calculation of the heat balance of the aluminium

electroiyzing cells.
The fine-grained "floury"™ or "sticky" aluminas are of heat
insulating character, while the coarse—gra.nred "<andy” aluminas

are the best heat conductors.

For the measurement of the thermal conductivity the so-

called Nusselt double spheres are used.

The thermal conductivity can be calculated as follows:

F

= - - /

Q=A /T -1, /17
2
where: F = the surface area, m
» = width of the wall or insulating material, m
Tl = the higher temperature value, °c
T2 = the lower temperature value, OC

)L ~ Lhermal conductivity factor /mhoc.

wherefrom the thermal conductivity factor rcads:

As the material to be tested 13 positioned between two

conceniric spheres, r will change between two given values

L
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/rl and r2/, the area F is the function of r, accordingly the
previous equation can be written directly only for an infinite-
simal dr layer thickness, and the desired value can be obtain-

ed by the definite integral of the same:

If instead of tne radii the diameter is used for the cal-
culation and Q = 0.86 . V . I is substituted irto the equation,

we shall obtain:

£. 4 ¢ 1 /37
F2T 4,.4
. 2°71
then we come to the relationship:
0.86 . v . I /d, - a. ./
A: _;, ; 2 1 /4/
- T
/Tl 2/ d2 . dl
where: R = thermal conductivity factor, kcal/mhoc
V = voltage of the electric range, V
I = current intensity over the electric range, A
Tl = average temperature of the outer surface of the
internal sphere, °c
T2 = average temperature of the internal surface of the
external sphere, °C
dl = diameter of the internal sphere, m
d, = diameter of the external sphere, m




The thermal conductivity factor is established as the

value pertaining to the average temperature of

The thermal conductivity factor is a function of the temperature.
At the temperature level /110-130 °c/ of the alumina layer
covering the surface of the aluminium electrolyzing cells the
thermal conductivity tactor varies depending on the type of

alumina in the range of 1.3 to 1.6 kcalshm®cC.
FLUORINE ADSORPTION OF THE ALUMINA

In the anode gases consisting of carbon monoxide and carbon
dioxide of the aluminium electrolyzing cells usually small a-

mounts of solid and gaseous fluoriaes can also be found.

Considerable amount of expediture and efforts have already
been devoted to the collection of the gases and to their effi-

cient cleaning from the fluorides detrimental to human health.

The fluoride content of the gas to be cleaned 1s in the
range of 23 to 73 kg/t of aluminium depeniing on the electrolyz-
ing unit and its capacity. The total separated amount of fiuor-
ide fluctuated within the range of 11 to 42 kg/t of aluminium
depending on the mode of cleaning and the efficiency of the
eguipment /Table 5.15/ /154/.

When increasing the capacity of the producing units more
and more strict requirements concernirg the ervironmental
protection have entered into fcrce and at present the fluoride
content in the emitted gases mu:t¢t not exceed 1 to 2.5 mg/m3

/Tab_.e 5.16/. Such a strict reguirement can be met economical-




Total rluoride Losses,

and Amount Retrie¢ved from Anode Gases, as

Reported for a Number Jof Aluminium Plants, /All Values are Given

in kg F per metric ton of Al produced/

Table 5.15
T Total
consump- Collected from the anode gases_
Plant Ancdec type ﬁi?n Total Particulate Gas
ri"om ma-
) /HF +CF , /
terial 4
- balance/

Péchiney Nogueres, France Soderberg VS 36-38
Montecatini-Edison, Bolzano, Italy S&aderberg VS 30 18 5 13
Volgograiski, USSR Soderberg VS 54 27
TA /Plant I/ Scderberg VS

and HS 29
USSR /Plant 1/ Soderberg HS 62 32 9 24
USSR /Plant I1I/ Soderberg HS 73 42 13 29 o
USSR /Plant IIl/ Soderberg HS 30 21 i
Dneprovski, USSK Soderberg HS g 23.5 8
Novokuznetski, USSR Soderberg HS 23 19.5
Alusuisse Rheinfelden, Baden, Both Soderberg
W.Germ, and prebaked 33 23
USA /Pilo* plant/ Both Soderberg

and p. *haked 6-9
Péchiney St.Nikolas, Greece Prebaked 26=-27
Pachiney St.Jean-de-Maurienne . F. Prebaked 28 13 4 9
Péchineyv, Franc: Prebaked 11=-16 5-7 6-9
Montecatini-Edison, Bolzano,Italy rebaked 30 15 4 11
Alusuisse Rheinfelden, Baden,
wW.Ge~m, Prebaked 25 18 . 8 10
Alusulsse Rheinfelden, Baden,
W.Germ. Prebaked 35 20 9 11
®échiney Bellingham, USA Prebaked 28
Ajka, MAT Hunga 'y Soderberg HS 30 26 8 18
ITnota, MAT Hungary Soderberg VS 32 23 5 18
Tatabanya, MAT hungary Soderberg VS 29 18 4 14
Tatabany:, MAT Hungary Soderberg HS

Rt atana- “
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Threshold Limit /TLV/ in Different Countries

Table 5.16

Hydrogen fluoride Total amount of
Couatry /mg HF/m3 air fluoride /mg F/m
at STP/ air at STP/

Great Britain - 2.2

West Germany 2 -
Netheriands 2 -

U.S.A. 2 2.5
U.S.S.R. about 0.5 1
Hungary 0.5 1

ly only by the so-called dry gas scrubbing by means of alumina.
The gases to be cleaned are conducted through a layer of alu-
mina. The solid and gaseous fluoride compounds become separati-
ed and the flucride bearing alumina thus obtained can directly
be returned to the production without any after-treatment. In
the course of cleaning the chemisorption of HF on the alumir:
is utilized. At the contact the following phenomena take place:

- diffusion of HF in the vicinity of the alumina parti-

cles
- adsorption of HF onto the surface of the particle

- chemical reaction of HF with the alumina.

The efticiency of the chemisorption is influenced by:

- the diffusion velocity of the gas during *“he period
of contact with the alumina

- the average distance between t.e molecules of the




fluorine gas anJd the surface of the alumina particle,

i.e. the average free space betwecn two alumina parti-
cles

- tne length of time alumina and stack gases are con-
tacted

- specific surface area of the alumina

- mass of fresh alumina charged.

Both theory and practice indicate that for achieving full
chemisorption tne adsorbed amount of HF should hbe less than an
entire monomolecular layer, “.e. less tnan 0.3 mg HF/m2. Ac-
cordingly the entire surface of the alumina should be larger
than 3.3 . 106 m2/kg HF. By this way the minimum specific sur-
face area can be calculated for each amount of alumina by the

following relationships:

. A o 2
= required minimum specific surface area, m /g

where: f
i1
C = fluorine concentration of the gas, mg F/m”
v = exhausted amount of gas, m3/h
. 2
0.3 = minimum coveredness, mg F/m
M = amount of alumina required for cleaning, g/h
Enr
or: fmin =
k . M
where: EHF = hHF emission kg/t aluminium produced
k = 0.3 mg F/m2, the minimum coveredness
M = alumina used for cleaniny




Considering the relationships the specific surface areas
of alumina required for the recovery of the hydrogen fluoride
entrained in the anode gases of the Hunc~»rian plants have been
calculated sTable 5.17/.

Minimum Surface of Alumina Required for

Binding Fluoride Content of the Anode Gases

Table 5.17
Metal HF emission Specific Alumina
produc- kg F/t AL alumina surface
tion consump-~ areas nec-
t/year tion essary for
t/Al gas clean-
ing, m2/g
Ajka 22200 18.24 1.92 31.7
Inota 32600 17.8 1.93 30.6
Tatabanya 16500 14.2 1.93 24.6

The minimum required specific surface area had al-o been
calculated on the basis of tests carried out on industrial
scale. Assuming an emission of 8 kg HF /50 % of the total
emission for 1 ton of aluminium produced/ in case of cells with
prebaked anodes a minimum specific surface area of 1% mzlg alu-

minium had been obtained.

From the point of view of the requirements of the metal-
lurgy the prescription of the specific surface areca alone is
not enough. In Table 5.18 the properties of alumina simulta-
neously the requirements of the electrolysis, transportabilily
and dry gas cleaning /scrubbing/ are given.

——
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Quality Requirement of the Metallurgical Process

Relating to Alumina Under Various Conditions

Table 5.18

Chemical Characteristic Chemical Characteristic
composition limits composition limits
2 - -
Fe203 0.02 0.03 V205 0.002 0.004
SiO2 0.015 - 0.025 P205 0.002 - 0.004
TiO2 0.006 - 0.010 Zn0 0.015 - 0.025
Na20 0.30 - 0.40 Cao 0.04 - 0.06
MnO2 0.002 - 0.003 Mg0 0.002 - 0.005
NiO 0.00% - 0.010 803 0.007 - 0.006
Ga203 0.006 - 0.012 Cr203 0.0004-0.0008
CuO 0.001 - 0.004

Physical properties

Characteristic

limits

adh. moisture /300 °C/

loss on ignition %

sieve analysis %

75-150 micron

46-75 micron

- 46 micron

amount of alpha particles, %
angle of repose, ao

shaken density, kg/l
density, g/cm3

o 2
specific surface area, m /g

0.70-1.00
0.50-1.00

20 %
35 %
45-50 %
55-60 %
35-40
1.25-1.35
3.5 -3.8
28-35

/300°¢-1000°C/
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ANGLE OF REPOSE OF THE ALUMINA

Flowing of the alumina is of importance at the transporta-
tion and in the electrolyzing cells from the point of view of
heat insulation. This property can be characterized by the an-

gle of repcse.

If alumina is poured loose onto a smooth panel it fcrms
a heap /cone/. The angle formed by the alumina cone with the
horizontal depends primarily on the size and shape of the alu-
mina particles. The rounder the grains are the smaller the an-

gle of slope and the flatter the cone will be.

According to the investigation of various aluminas the
coarse—grained aluminas are characteristic of the smaller an-
gle, while the fine-grained aluminas are characteristic of a
larger angle. The cones of the flowing aluminas ars limited
by a monotonous curve, the limit iine of sticky aluminas is
zigzagged and the cone of the highly sticky aluminas is al-
ready frequently irregular. The angle of repose of the highly
flowing aluminas 1is less than 350, that of the flowing alu-
minas is in the range of 35~40°, while that of the sticky alu-
minas is larger than 40° and that of the highly sticky alu-

. o
minas exceeds 45 .

For the measurement of the angle of repose a specially

developed measuring instrument is used.

The angle of repose expressed in terms of grades ic

determined by the following formula:

2H
D -d

R = arc tg




where: H = the height of the alumina cone, i.e. the distance
in mm between the base pane. and the orifice of the
funnel
D = distance in mm, diameter of the alumina cone
= internal diameter of the orifice of the funnel, in

mm

The angle of repose of the various types of aluminas var-
ies in the range of 30 to 60°. Tre angles of repose of som. sam-

ples are given in Table 5.12.
DUSTING OF THE ALUMINA

The transportation of the alumina up to thr electrolyz-
ing cells is shifted more and more towards the pneumatic trans-
portation. Dusting of alumina at the covering [rocedure of the
cells affects the specific alumina consumption, the air pollu-
tion of the pot room, consequently the working conditions. Dust
deposit on the bus bars in the shaft hinders their natural cool-

ing and thus influences plant operation.

For the characterization of the dusting of alumina the
"falling" and the "carried away' dusting terms are used. When
determining the "falling" dusting which occurs if alumina is
allowed to fall by gravity is measured, while at the determina-
tion of "carried away' dusting, the amount carried away fron
the falling alumina by the effect of air draft of a given

strength is measured.

For the measurement of dusting special instruments are

used.

Dusting is in connection with other physico-chemical
properties, e.g. grain-siz=2, grain-size distribution, alpha
content, angle of repose, compactness, etc. Coarse-grained

aluminas in general are less dusting.

Al
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DISSOLUTION RATE OF THE ALUMINA

The dissolution of alumina is a function of its surface
and crystal structure, thus it requires certain time. The dis-
solution rate depends on the agitation condition of the mate-
rial, that is, between dissolution rate under agitated state
and without agitation can be differentiated. In tne unagitated
state the dissolution rate depends on the degree and direction
of convection occurring as a consequence of the method of heat
tvaonzcfer. The dissolution depends also on the settling velocity
of the grains and connected to this on the shape of the dis-
solution area. In a flat area the sludge formation can be more
advanced, etc. The discsolution tests are carried out in a
special equipment aeveloped in the Research Institute for Non-

Ferrous Metai..
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