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Antredueticn

l. B8ince 1956 aluminium production has been second only to that of cast irom
and stesl, in terms of quantity. In 1963, world aluminium output was
69739,000 tons, 39 per cent higher than in 1959. By 1975 the United States
alone is planning to attain an cutput of 6.6 million toms of aluminium per
yoar,

2, This repid rise in aluainium production, which has been surpassed in rate
of growth omly YW the production of lithium, gives reasonadble grounds for doubdt-
ing whether future supplies of row materials will be sufficient. A number of
countries that laok bauxite, the basic raw material, are already engaged in re-
search and are making preliminary plans for the production of aluminium from
materials other than bauxite,

3. The known reserves of bauxite in the worl (outside the Union of Sovied
8ocialist Repudlics) amount to some five billior™ tons, and this figure is not
1likely to grow much larger, becsuse the deposits on the surface of the earth's
crust have already been thoroughly oxplored. It is unlikely that deep-lying
deposits will be found, considering the conditions under which bauxite is
formed. Considering also the way bauxite extraction and processing are dtnllop-
ing, the world resources of this commodity are not vast and will be used up in
the next few decades. At that time the aluminium industry will have to be
adapted to other types of raw materials.

4. Before oonsidering the various types of raw materials other than bauxite,
it should be noted that dauxites themselves are not entirely homogeneocus materi-
als. They ocan be divided into two basic groupst residual and sedimentary,
Residual bauxites are formed ty the process of weathering into laterite of
various rocks, including basalt, and they are found at the place of their orig-
inal formation, covering their matrices. Sedimentary or secondary bdauxite do-
posits are forwed Yy leaching or transfer from their matrices, where, however,
theay are also found in lenses. A total of 42 chemioal elements and some 100
minerals have been found in beuxites. Bauxite composition varies not omly frem
deposit to deposit but also within a single deposit.

1/ Throughout this document the term "billion® signifies one thousand milliom.
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5¢ It may be noted, at this point, that matrices of vnlcanic origin can be
considered generally ac nature's almost inexhaustible storerooms of riches.
They are, as it were, the lower storey of the ecarth's crust, the upper storey
of which is the granite layer, as it is called in geophysicel terminology. The
total aluminium content of the earth's crust is 7.5 psr cent by weight -
consideradbly more than the irom content. Thus, vhile natural forces break down
the rocks of the earth’s surface with tho ps;ngo of the various geological
epochs, liberating the raw materials needed Yy mun together with many impur-
ities, contemporary scionce and technology will very soon device incomparably
faster methods, undoubtedly giving a higher degree of purity, for the separa
tion of alumine from basalt and similar rocks.

6. The chemiocal oomposition of basalt is, on the average, as follows: 40 to
50 per cent silicon, approximately 15 per cent aluminiumy 7 per ocent calcium,
6 per cent irom, 5 per cent magnesium and 2 per cent titanium. In additiom,
basalt contains a certain amount of alkali metals and other chemical elements,
inoluding some that are rare and procious. Aiccording to research carried out
on basalts in India, their aluminium content decrenses in proportion to the

depth of the deposit.

7. Compared with the richer ores, the number of componant elements in basalt
may seem small, but besalts contain a nmumber of useful ingredients, the com=

prehensive extraction of which = if cheap energy and tachnology are available =
is an economically sound project. As an illustration, it may be noted that the
mechanical processing of granite, basalt and other hard rocks into building,
moumental and industrial components by sawing, which was expensive and slow but
was until very racently the only method known, oan now be replaced ky the oheap
blowtorch method. Moreover, the harder the rock the more effective the new
method is.

8. In his day, the world-renowned D.I. Mendeleev put forward the view that
solar energy is most effectively used on the earth for the accumulation of
marsh plants and peat, which can renew fuel resources in a very short time with-
out human intervention, and if this prooess were developed, it could be speeded
up even further. It must therefore be assumed that if there is a specific need
for this, modern science will be able to accomplish the artificial "dismantling”
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of rocks to separate out purer alumina than that liderated by nature over tre-
msendouwsly long periods.

9. DBasalt is already being used as a raw material for melting and casting imto
& mumbder of useful articles which used to be cast from octher materials and
metals. Bvaporation smelting by means of plasma burners makes it eagy to btreak
down even dasalt into its oomponentis, and by introducing the necessary chemical
elements into the process it is also possible to obtain new materials in this
way.

10. Because of its chemioal composition, basalt is the most suitable rew materi~
el for the production of pyrocerans, glase-like crystalline materials which

Are a recent invemtion potentially as important as the discovery of how to make
steel was in its time. Pyrocerams are very siailar to aluminium in demsity

(2.6 %0 2,65 and 2.7), but they surpass it in strength, resistance to atmo-
spheric corrosion and in value.

11. It has recently boen discovered that aluminium is present in 268 minerals,
but the only ones that may be considered as ores for the production of alumina
or other aluminium ocompounds are nepheline and tho rooks that ocontain it, alu-
nites, clays and kaolins, high aluminium~content silinates and, more rarely,
sluminium pulphates such as pickeringite and alunogen. The chemical composi-
tion of these minerals is given in tadle 1.

I,

12, There are several hundred known methods of producing alumina. This large
nuaber of methods is due to the variety of aluminous materials and to the ampho-
terio properties of aluainiue oxide. The best known methods for producing alu-
mine are weually divided into throe groups: (a) electro~thermal, (b) acid and
(o) alkaline. Maturally this classification is applicable chiefly to the pro-
ocesaing of beuxites, which aro at present the predominant raw materials in the

alumine industry.

- 13¢ In the electro-thermal process, alumina is obtained ty melting the ore with
8 reducing agent in electrio furnaces. This method is not widely used, since it
can only be economic when very cheap eloctrio power is available. Purthernore,

the alumina produced is not alvays of satisfactory quality. In the acid prooess,

. PR #
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the rav material is treated with a solution of one of the mineral acids, giving
a oorresponding soluble aluminium salt, while leaving the bulk of the raw materi-
al undissolved.(unfortunstely, Lowever, salts of iron and titanium frequently
dissolve as well and thus impede the process). ifter oxtraction, tho aluminium
salt is broken down and solid aluminium hydroxide is obtained, which, after cale
oining, yields alumina. This vaoid procesas calls for a costly acideproof plant,
and oonsequently it is soldom adopted nowadays.

Iakle )
|
s _of ainsral Shenioal forenls Alwaina content (#)
Corundum o Al,‘,C:3 100
Diaspore, boohmite A1203.H20 8s
Oivbeite (Rydrargillite) A1,0,.3H,0 65.4
Qranite, anddlusite, MZO’.IiOz 63.2
sillimanite

Kaolinite .uzo +2840,. 39.5
Alunite lnx)po,n,(lt)“),.m(t:m3 371-39
Fepheline 20+41,0,.2810 36v32
Lewcite xzo.u 20y+2810, 2.5
Anorthite cao.n,‘,orzszo2 3.7
Cryolite lm,..u.lv'4 : 2).5
Orthoolase K,0.41,0,.6810, 18.4
Albite Ma,0.41,0,.6810, 19.)
Beryl 3Be0.41,0,.6810, 14.0
Chrysoberyl ' Be0.AL,0, 80, 0
Spodumene L1,0.A1,0,.4810, 28.0
Pollucite . C8,0.42,0,.4810, 14.0
Pickeringite u.nz( ) 4.221420 11.9
Alunogen uz(no4) .mnzo 16.4

14. Vide use is made of the more economio alkaline process, which may be carried
out in a cheap irom plant, and in which recovery of the alkali is a simple matter.
In this process, the rew material is treated to produce sodium sluminate, which
oan bs btroken down into aluminium Rydroxide. The final stage of the process is
to caloine to aluminium hydroxide, thus producing alumina.

v
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15. In thie process, the oxidesg of iron, titanium and calcium do not, in practioe,
dissolve out of the raw matorial. Only tho presence of silica complicates the
processing of the raw material, whioch must therefore be selacted with low silica
oontent if it is to be treated Wy thic mothod.

1. IECHNCAL QUALITY OF ALACN

16. T™e quality of alumina, most of which is intonded for processing into metal-
lio sluminium, should be approximatoly as follows:

)

mmwmm

Japurities muﬂhmwm
g a a a

Sualisy: Soo D 9 2 09 %
uoz 0.06 0.08 0.15 0.25 0.40 2.0
h203 0,03 0.03 0.04 0.0% 0.6 1.0
hzo 0.5 0.6 0.6 0.6 0.7 0.8
Other 1.0 1,0 1.0 1.2 1.5 2.0

17. The presence of electro-positive and olectro-negative impurities is not por-
miseidble, Similarly, the amounts of moisture and wator of hydration should not
exceod the permissidble maxima. The dimensions of the alumina partiocles must de

within the renge of 50 to 80 microns. Only the first three qualitieos of aluming
ATe used for the produotion of aluminiuam,

18. Nopheline is ono of tho apatito-nepheline apd urtite rocks used at present
in tho Uniom of Soviot 8ocialist Republics for alumina production. These rocks
consist,of two minerals: apatite Ca.B(PO4)2.CaI'2 and napheline (h.x)zo.,uzo .
23102. plus a certain quantity of soocndary minerals. The rav naterial is oom-
centrated Yy flotation, in the courso of which the phosphatic matorial, apatite
and itg tailings, is soparated from the nepheline concentrate. The most detri-
mental impurities are iron compounds.

19. It has been found, in practice, that for the full conversion of the aluming

contained in nepheline ooncentrates into sodium and potassium al\uiutu, there
should be two moles of Ca0 to one mole of silicom oxide ip the charge. The

T e m s
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optimum temperature for sintering is app.oxinately i,300°C, and the decomposition
of nepheline ty the limestone takos place according to the r action:
(l;,t)zo.nzo).moz + 4Ca00, = (ua,lr)zo.uao3 + z(ac..uoz-) + &0,

Mioroscopic analysis of sinter cake obtained under optimum conditions shows that
it ooneists of dicileivm 3424c.'2 a2 of a rolid approximat: 'Y 30 per cent -olu-
tion of this silicate in a mixture of alicaline aluminates.

Iable 3 ‘
Nethod of siptering (disgred of wrovesg)
Shenical ommponition of sape povhelirs rocks and their gcoucontrates

— —00tent in por cout

Losk/ognoemtrats 810, Ca0 T
.zf:-.u_?_i-."s!“‘.’.un%

Kepbeline-ayenite 44.35 22.45 10,00 3.47 8.1) 0.77 1.12 0.%
Tailings left 42,% 22,08 7.02 16.7 5.0 2.1 1.4 1.2 1.1
after concentra-
tion of nepheline-
apatite
Conoentrate of 4).1 2902 3.4 18-5 1.7 0.15 0.6 0.2 1)
tailings

20, Whore thers is deviation from the optima rir teing temporature = for exasple,
vhen sintering is carried out at a lowor teaperature - thc nepheline cake produced
oontains, in addition to the ¢’ ve-mentiocned produots, & ocrtain amount of unde-
oomposed nephelino and intermediato tertiary comnounds of the Lype:

84100 these compounds are insosucie in water, ‘thay reprcsen. a waste of alkali
and alumina.

21, Deviation from the cptimwm composition of tho napieline=l: omimg ehasy

is equally detrimental. Thus, for example, the in~lusion of more limestone in

a batch than is called for “y he formula foo the V. v'isy of dicalojum sili-
cate may give cake from which only s reducod quantity of alunina can de extracted
upon lesching. This has to do with tho formaticn during sintering of highly alks-
line caloium silioates which, during leaching, generatc free lime which partially
reacts with the aluminate soluticn and returns a portion of the aluwmine to the
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insoluble state. On tho othor hand, an insufficient anount of limestono in tho

charge loads to incomploto troakdown of the nephaline and to a lower yiold of
aluaina and &0, ‘

A1,0, . Bagy0

1250 2.94 46 79.5 19.3
1270 2.96 3 82.9 80.4
1290 2,99 20 84.6 85,2
1300 3.05 13 86.0 87.1
1310 3.10 7 87.5 86.9
1330-1360 no 6 89.0 . 90,0

22, The consumption of heat, for a oharge hunidity level of 26 to 28 per cent
and using pulverised coal heating, is 1,300 Kdloaalaries per kilogram of cake. A
diagrem showing the teohnological process for troating nepheline is given above.

The nev hrdrochesical pethod (14}

2). In the new hydrochemiocal method for breaking down nephelinas Ly means of a
solution of caustic soda in the prosence of caloium oxide, with heating up to
200-280° in an autoolave, the roaction is as follows:

'(la;x)zo.nzo3.moz + 2030 + 2MaOtiag - ¥a,0.2C20.2810,.11,0 + 2(Na,K)AL, 6.

24. This reaction Mesults in the formation of alkaline aluminato, which goes into
solution. In establishing the tochnique for this mothod, nepheline composed of
n,‘,o3 = 33.3%; Ma,0 - 15.43%; X0 - 6.47%; 810, - 42.22%; Fe,0, - 1,27 and Ca0 -
0.9% was treated in 3, 6, 10 and 13 N solutions of NeOH (i.8. containing 94.8;
194.4; 326.9 and 424.5 grams of Ba,0 per litre, respectively) in the prosenco of
Ca0 for exposure times of 0.2, 5¢ 10 and 30 mginutos at temporatures of 200° and
28090 in an autoolave, the heating rate being 5° por minuta. Tho amount of Cad
was dotermined on the basis of tho 810 content, taking a molecular ratic of

2
' 0.088102 * 1.0. The estimated caustic module - molecular ratio, R203A1203, was 12.0.

)/ Bumbers in parontheses refor to the bidliography.




i T v s e b, .., A

g edad R 2 ¥4 -
Page 12

the period of heating up to 2800 op during the first fivo to ton minutes of
leaching at that temperature, e degree of alumina extrastion ig 88 to 90 per
oent. In the opinion of research workors, this method ig algo suitable for

breaking down other alumo~-silicateg,
26. The Possibility of using clays ang Kaolins ag yeu matorials for alumipa pro-

duotion ig being given Buoh study, but the teochnical conditions undep which thege

in detail, 1, best clays and kaolins for this Purposo appear to be those with 4
oomposition 8pproaching the tho theoretica) conposition of kaolinite, The best
quality Baterials woulq therefore be sacondary kacline; the suitability of other
deposits for the extraction of alumina would depond on their concentration

blé for Processing by the sintering method,

electro~thorma) method, However, they are subject to speoial rMquiremontg rogard-
ing their content of such impuritios ag Fe203, Tioz, Ca0, Mgo, ano and KZO, and
Oonsequently only thoir ooncentratos ape Processed. 1Ip tpo Union of Soviet
8ocialigt Ropubliog » provisiona) tochnique hag been devigeq for treating this

For Soncentratos of Fopr Concentrates of

.41203 not less than 59 38
8102 not more thay 47
’O203 not more thay 0.5
740, not more than

%0 + K50 not moro than 0,5

Ca0 + NgO not more than '
Other substances T4
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25. To cbtain alumina from clays, kaolins, coal-ash and othor rilicates by the
sintering method, those matorials are sintored with limoestone in such a way as
to produce spontaneously disintegrating alumo-calcium sintar cake. Tha amount of |
limostone in the oharge is suoh as to bring about the formation of the compounds
20&0.8102 and 50&0.3“203. The chargo components arc first ground in a wat ball
mill to a particle sisze of approximately 0,068 mm. The wet charge then goes into
a rotary furnace whoro it is sinterod at g temporature of 1,375 to 1,425°C, Tho
ncoessary comploteness of intoraction betwean tho oomponants of the charge and

tho requisite proporty of spontaneous disintegration of the cake are achieved Yy
bringing the charge to the point of cnsot of fusion and then cooling it for ton
to fifteon minutos down to a temperature of 1,300 to 1,325, Undisintegrated

cake is returned to tho oven for further sintering, whilc the disintogratod
portion is treatod in a sclution of soda to obtain a solution of codiun aluminate,
whioh is converted to pure aluminiam oxido ty normal sintoring mathode.

30. The spontancous disintogration of the cake during cooling is causad by the
roorystallisation of tho bota~modification of the dicalciunm silicato formed in
the sintoring procoss intc a high-volume gamma~modification. In viow of tho low
conoentration of Al,0y left in solution after leaching (12-15 grame por litre),
the hydrochemiocal processing of tho oake can be go arrangad that the operations
of silicon removal and ovaporation of the rosiduc aro ontircly eliminated from
the technologiocal process.

31. Perric oxide does not affact the process if the initial material doos not
contain morc than 3 t0 5 per cont of ite All that is neoossary is to inoroase
the amount of limestone in tho charge to a dogrea that will eonsurc the formation
of dicalcium ferrite. Whore there is a higher contont of ferric oxido, its
detrimental effeot on the process can be aveided Yy adding a reducing agont for
it to the chargo and sintering in such a way as to onsure that the roducing pro-
oess takes place in the whole chargo,

32. A most important innovation in the dovelopment of alumina production from
various alumo-silicates by the sintering method is tho use of sodium sulphate
instead of caustic soda in tho process. It will bo seon from the bibliography (15)
that soda and sulphur oan be produced jointly with alumina. . Study has also doon
&lven to the processing of alunites (16), alurina~rich raw materials such as
diaspore-boshmite bauxites (17), and olays and kaolins (18). Tho samc researchers
have obtained alumina, soda and oement from more acid napheline syonites (23).
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33. For a number of countrice which do not have a domostic caustic soda produc-
tion industry, the usc of sodium sulphatc - a raw matorial that is readily avail-
able in naturv - facilitates and simplifiee tho problom of producing alumina from
alaost any matorial. Svon itho praliminary convorsion of sodium sulphate into
sulphite is not roally a complicating factor.

34. It ig quite possible that evon more important data on tho procossing of sul-
phates is availablo at tho Governmont Minos Branch Rescarch Cemire in Canada,

This centre has a staff of 635 persons, 256 of whom are university graduatos,
mainly ooccupied in the oxtraction of metals from oros, tho sclective breskdown

of mixtures of metal sulphates, and the dosign of apparatus for thesc processes (20)

35 A new dovolopmont (19) in the production of alumina and soda by sintoring
tho raw materials with the usc of sodiun gulphite is tho 80 to 83 per cent ex-
traction of aluminium oxido and the 95 por cont oxtraction of alkali from sand-
stones of the following percantage composition: 8102 - 47.48; A1203 - 20.67;
Po,0, = 8.36; Ti0, - 0.8; Ca0 - 0.72; NgO - 0.95; (Nay0 + K,0) - 6.6; H,0 - 8.2
and other substances - 4.48,

Ihe s0id pethod

36. The acid method of soparating alumina is being invostigated but it has not
as yet found favour in induetry for the following reasons;

(a) The oorrosive offoct of tho acids on tho materials usually omplayed
for factory oquipment. It should be noted, however, that new acid-
rosistant matorials such as pyrocerams and plastics should completoly
eliminate these earlier difficulties;

(b) The complications prescntod Wy any acid mothod bocause of tho need
to purify the rosulting solutions from iron salts;

(c) The faot that the acid method gives a typo of alumina that is less
suitable for the production of metallic aluminium by modern (electro-
1ytic) techniques.

37. Nevertholess, acid alunina~production mothods may bo useful industrially,
since they afford greator possibilities, in principle, than alkaline nethods for
solving the problem of processing high silicon-content matorials of the clay and

kaolin type, which are available everywhere in large quantities. This is duo to
the fact that the inertness of silica to acids onables thig component of tho

natural rew material to be takon out of the procoss in the initial stages without
wasting acid reagonts. -
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38. Consequently, thc successful devolopment of acid mothods should make it
possible to widon the range of ores usad in the alumina industry by bringing about
nore extonsive industrial use of clays, kaolins and other rilicates. This ox-
plains the attontion that is boing paid to acid mothods Yy sciontists and toch-
nologists, who are striving to overoomo the drawbacks moentioned above.

Principal ocperations in the aoid mothod

39. The principal operations in tho acid mothod arcs proliminary treatment of
the raw material, broeakdown of the raw material W acid, giving a solution of alu=
minium salts; purifying the aluminium salts of iron compounds; extraction of pure
aluminium oxide; and rogoneretion of the original acid. The preliminary treatmont
of the raw matorial comprisaes crushing, grinding and firing. The purpose of fir-
ing is to dohydrate tho material to be processad and thus broak the chemical bond
between ite individual elomonte, theroly inecreasing the reactivity of the matorial
to any chemical agont, including acids, Whon kaolin raw materials arc broken down
Yy firing, tho reaction is ae follown:

A1203.28102.2K20 . 1{1203 + 28102 + 2H20

The temperaturc of disintogration of kaolin ie batwcon 560 and 580°C, Overhoat-
ing of kaolin lowers the roactivity of the separatod ingrodionts, and at a tomper-
ature of 950 to 960°C they form a stablo compound, sillimanite or mullite
(2A1203.8102) on which acids have practically no effect whatscover.

40, Tho raw material is disintegratod Yy mecans of sulphuric, nitric, hydrochloric
or sulphurous acid. This produces a eolution of aluminium and iron salts. The
silicon in the raw material romains in the sedimcent. Sulphuric acid has long boen
usod to broak down rav mataerinls containing alumina for tho production of alumine
jum sulpbate.

41. Nitrio, hydrochloric and sulphurous acids have tho advantage of boing com-
paratively casy to rogonerate. Sulphurous acid is aleo a hy-product of a numbor
of motallurgical plants, but to achiove tho nocossary high concontration of 802,
the breakdown process must be oarriod out undor a prossurc of soveral atmosphorss
in autoclavos.

42. - Anothor mothod is to twroak down the raw matorial in a furnace Wy heating it
together with ammoniuma sulphates
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nzol.zsioz.zuzo + 4(1!514)2.:«)4 = 2810, + (1&!4)2.;112(304)3 + 6rm3 + 5H,0
Tho amponia extractod ic used in ono of the later stagos of tho process to obtain

ammoniun sulphate.

43. The elimination of iron compounds can bo achicved by a numbor of mothods.
One such method, based in the differontial solubility of cortain aluninium and
corrosponding iron compounds, enables the aluminium salts to be precipitated out,
leaving tho iron salts in sclution.

44. Thus, for examplo, in tho sulphuric aoid mothod it is poscidle to make uso
of the property procossed Wy aluminium sulphato of forming a double salt with
ammonium sulphate. This salt, which is known as ammonium alum, 1\12(304)3
(m4)2804.24ﬂ20, is casily soludble in hot water but almost insoluble in cold.

In viow of tho faot that ferric sulphato also forns a similar palt with ammonium
sulphate, whila the lower (ferrous) salt doos not intcract with ammonium sulphato
but remains in solution when it itz present, the production of ammonium alum should
ba preceded Wy the reduction of the iron compound in solution to tho lower (fer—
rous) form. Either a solution of ammonium bisulphite (rm4mo3) or alse sulphur
dioxide can be used as a roducing agent, tho rcaction being as follows:

F02(804)3 4+ SO. + 2H.0 = 2Fa80, + 2H.S

2 + 2, 4 + 21580,
4%. Potash alum, K2804.A12(SO4)3.24H20, roacts in the samc way as ammonium alum
to hot and oold wator.

46, As ancther oxamplo it may be notod that, to purify a sclution of aluminium
chloride, the solution may be saturated with gascous HCe, which procipitates
aluminium chloride hoxahydrate, n013.6H20, vhile the iron compounds romain ale
most oentirely in sclution. Another method worthy of attontion is based on the
uso of oertain surfaco-active substances, suoh as manganose dioxide (lhoz), which
are oapable of absorbing (adsorbing) the iron compounds on thoir surface and thus
taking them out of solution. This last mothod, which is connactod with the mew
and rapidly developing tranch of sciaonce known as physioo-chemical mechanics,
should be ospoecially borne in mind both for the above-mentionad use and for the

investigation of other likoly poseibilitiocs in the tochnology of enriohing the
raw and partially proccssed matorials for aluminium production. Pure aluminium
oxido is extracted Wy calcining such of the compounds containing it as are -
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decomposible Yy heat. As well as aluminium oxide, calcination produces the cor-
rasponding acidio oxides and, in tho case of aluminium chloride (which is calcined
in the prosonca of ltoa.m), gasoous hydrogon chloride aleo.

47. Whon potash alum is firod with aluminium oxide, potassiunm sulphata is also
obtained. The firod product is thareforc washed, the raesulting solution cvap-
orated, and the potassium sulphate extracted from it. Part of this potaesium
sulphate can be disposed of commercially (as, for cxampls, when processing alun-
ite raw material), while part is used as a feedback product in the carlier stages
of the process.

48. Although most aluminium salts break down completely at comparatively low
temporatures (200-400°C) and only aluminium sulphato raquires higher temporatures
(770° and ovar), in practice, in tho case of purcly acid methods, the calcination
of aluminium salte must ond with the normal tomperature for the culcination of
alumina, which is in the region of 1200°C. This is neccssary in order to fully
remove the acid residuo from tho aluminium salts and to onsure that tho aluminium
oxide is not hygroscopic. The firing operations arc carried out in rotary fur-
naces, in multi-hearth furnacee with mechanical super heating from hearth to
hearth, or in a fluidized bod furnace.

49« The breakdown of tho ammonium alum can also be donc chemically by processing
with ammonia according to the formula:

nz(so4)3.(m4)2304.241{20 + 6rm4on - .2.u(ou)3 + 4(un4)2so4 + 24H,0

50. Tho residue of tho aluminium hydroxide is separatod from the solution and
washed and fired as usual. The ammonium sulphate, on tho other hand, is a feed-
back product and is uscd, as was mantionoed above, in the earlier stages of tho
process, although in some methods the ammoniun sulphatc is also a commorcial
product, sold for usc as fertilizer.

51. The firing of aluminium salte which crystallige with the liboration of a
large amount of water, such as potash alum, prosents clcar tochnical difficultiaes,
owing to the ease with which such salts, oven at low temperatures,mlt in their
own water of orystallisation. In such cases, in addition to firing in a fluidised
bed furnsce, rocourse may be had to a special procedure bascd on tho obsorvation
that vhen the alum solution is heatod in autoclaves to a temperature of about
200°C, the alum twreaks down aoccording to the reactiom:
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3x2304.u2(so4)3.24520 - 1(2804.3A1203.4803.9H20 + 2K,80, + 51,80, + 56H,0
The so=callod basic alunm which is thus precipitatod is finally dehydratod by the
usual method, and the abovo-mentioncd complications do not arise.

52. The sulphuric acid obtained Wy tho above reaction is a fcedback produot and
is usod for breaking down new batches of minorals. The acid is rogeneratod, in
the case of nitric, sulphurous and hydrochloric acids, Ly simplo absorption by
water of the volatile products of calcination, or in the case of sulphuric acid
by more complex special chemical processing. Somotimes, as may be seen from the
above formula for the breakdown of potash alum in an autoclave, one produot of
the docomposition of aluminium salts is the original acid, which for furthor usa
only requires boiling down and rogenerating.

53. Tho Canadian aluminium industry is already producing alumina from clays and
shales, and five technological plans for this procoss have been published (21).
The raw matorial is crushed and ground, loached with sulphuric acid, and the
silioa, titanium and iror compounds, and other impurities aroc filtered off, after
which the aluminium sulphate solution is cooled, causing thc aluminium sulphate
to crystallize out, The aluminium sulphate is thon centrifuged out of the mother
liquor, which is roturned to the raw matorial acid leaching stage. The journal

article reforred to also roviowe the cconomics of the procoss.

54. An aocount of what appcars to be the same procass is published in another
sourco (22), whero reference is made to a mothod doveloped in 1961 for the chomi-
cal processing of clay and shale into high-quality alumina Yy the Olin Mathieson
method. 1Im the method described, the raw material ie lcached with sulphurio acid,
the iron and the aluminium sulphate arc separatod by crystallisation and the
aluminium sulphatc thus obtained is broken down thermally.

55. In the method doevoloped by the Anaconda firm, thc raw material is treated
with hydrochloric aocid, the resultant aluminium chloride and iron are ooncentrated
Wy evaporation, the I\lCl3 is broken down thormally, and the iron is removed hy
heating with MaOH or ty sintering with sodium carbonate (soda).

56. It is poseible that tomorrow’s alumina and eluminium technology will also

| make use of tho very intercsting Fronch studios of acid soils (24), in whioh
approciablo quantities of frce aluminium, not forming part of the orystal lat-

, tice of tho argillaceous minerals of thc soil, wore observed. It is oonjectured
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that the aluminium is present in the form of an exchange-ion. S8imilar studies of
soils in Poland (25), in which 2,800 samples taken from an area of 4,500 hectares
in the Oder valley werc analyzed, showed froe aluminium in 667 samples in a quan-
tity of more than 5 mg por 100 g of soil, the conclusion being that at least

20 per cent of the soil contained exchange-ion sluminivum.

57 In Poland, too, aluminium sulphate is produced from clay with a low alumin-
ium oxide oontont Yy treating the clay with sulphuric acid and calcining in rotary
kilns. Rolatively pure aluminium sulphate is leached out of the cako thus ob-
tained (26). Rosearch into the production of aluminium sulphate from clays is
aleo boing oarriod out in Egypt (27).

he tio i 1
58. Recont research into the tochnology of alunite processing has led to the
introduction of roduction hoating as a separato stop from the firing operation

and has confirmed the expodiency of treating calcined alunite Yy the combined
ammonium-alkaline method.

59 1In this now procoes, tho alunito is ground, aftor which it is fired and

reduotion hoating takes place in fluidized bod furnacos. The reaction that takes
placo is as follows:

(la 1()2304.‘112(so4)3.41u(on)3 = (Na x)2w4.u2(so) 2t 2"{1203 + 6320;
(¥a K)2804.A12(804)3 + 2‘&1203 + 3CO = (Na K)2804 + 31&1,‘,03 + 380, + 3C0,.

60. A theoretical basis for tho seleotion of the optimum firing temperature is
provided by tho curve for the heating of alunite. This curve shows that the
thermal stoppage of dehydration ocours in tho tcmporature range 500 to 520°C,
which is also the optimum tomporature for firing. At lower tamporaturcs, dehydra-
tion is only purtial,’ while highor tomporaturcs losson the reactivity of the
gamma~oxide of aluminium prosent in dohydrated alunite. For these roasons, the
reduction of alunite is carried out at tomporatures not oxceoding 540°C.

61. As a result of tho separate firing and reduction of alunito, sulphur dioxide
is obtained in a concentratod state (up to 75 por cont Yy volume) and can com=
veniently be used for the production of sulphuric acid. Boosuse the alunite is
processed at low temperaturos, the alumina obtained dissolves readily in caustic
soda solutions of relatively low concentration (110-120 g per litre) at
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tomperatures not roquiring tho use of autoclaves. The aluminato solution ob-
tained through leaching, which contains approximately 100 g of A1203 per litre,
has a caustio module of 1.8-1.9 and an SC)3 oontont of 30 to 40 g per litre, is
separated from the mud and converted into alumina ty moans of the apparatus and
technology normally employsd in thc Bayor procass.

62. The only distinotivo foaturc of the mathod just doscribed is that tho alum-
inate solution obtainod, tho silicon modulus of which does not oxoeod 130, must
go through an oporation for the romoval of silicon. This is done at a tompera=
ture of 103 to 105°C, hy mizing tho aluminatoe solution with soocd sodium alumo-
silioate ob8ainod in procoding silicon=removal oporations.

63. The recirculatod solution is ovaporated, thus scparating out the potassium
and sodium sulphates. Sincae, in tho roduction firing procass, up to about 15
por oont of tho aluminium sulphate comtained in tho alunite romains undooonpdud,
an equivalont quantity of cauetic alkali is oonvartod in the leaching process
into an alkali sulphate, whilo somo more of the caustic alkali originally in-
troduced into the procoss is used up in tho formation of alkali alumosilicats

in the leaching and silicon removal processes. To compensate for theso losses,
part of the sulphate soparated out in tho ovaporation of tho racyoled solution
is oonverted into cauetic alkali in a sccondary branch of the process bty sinter-
ing it with aluminium hydroxide in the preeonce of a roducing agont. The re-
mainder of tho potassium sulphate/sodiun sulphato mixtura, which is availabls for
commercial disposal, is convorted into the moro valuable potassium sulphate, for
whioh purposa it is treated with potassium chloride solution.

64. In tho processing of alunito rock containing about 50 per cent alunite (the
rost being quarts), 6.66 tons of ore, 710 n of producor grs (1450 kcul/nB), and
around 7 tons of steam aro naocded to produce 1 ton of aluminium oxide. The Yhy-
products obtained arc sufficient sulphur dioxido for the production of 1.26 tons
of sulphurio scid monohydratc and 0.235 tons of potessium sulphate, plus 0.14
tons of KCl. A flowsheot of thoc reduction metkod of producing alumina from alu
pite is given in table 6. (2) (3)

65. A now type of alumina-containing Paw matorial is natural sulphates of aluve
sinium, whioh ococur in two forms: in combination with magnesium wuz(a%) &
22H,0 (piokeringite) and as alunogon Al,(80,),¢16H,0. In the deposits roferred
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to below, these materials are aooompaniod Yty opeomito, mo“.'mzo, certain amounts
of sulphates of iron and nickel, and Yy limonite.

66. The deposits of these matorials which havo been oxplored in the Argentine
provinoe of San Juan noar the town of Calingasta contain reserves of approxi-
mately twolvo million toms. 4 deposit of pickoringite is also known to exist

in Salta province but its oxtont has not been oxplored. Tho deposits of pickor-
ingite in tho neighbouring republic of Cuile aro bolieved to be oven larger.

67. The average chemical Composition of tho sulphates in the deposits that have
80 far been explored, according to the findings of geologist Natalia Rowssi, are
as followss nz(ao4)3 - 20.75%; Ng80, - 10.66%; 1»02(:04)3 - 6.74%; YoB0, - 3.12%;
renainder: water. The Averago content of anhydrous 803 is 12 per cent, while
the ratio of useful oxidos u203:u¢o = 4.5. In the opinton of sevoral Argentine
goologists, more oxtemsive oxploration of tho mountainous rogions bordering upon
the areas reforred to might woll reveal further doposits of the sulphates men-
tionod adove,

‘ 68. The thooretical composition of matural pickeringite is as follows: uz(eo4)3 -
39.9%; lﬂo‘ - 13.9%; and HZO - 46.2%, giving, in the anhydrous state, an alumin-
ium sulphate contont of 74.1 PoT cent and a magnosiunm sulphate content of 25.9 per
ocent. This would correspond to an aluminium oxide content of about 12 per ocont
in tho naturel stato and 22 per cent in the anhydrous state.

QR Trry QT v I} '- . o] @ e

69. Up to the present time, practical invostigatione on tho treatment of picker~

ingite have either not been carriod out op else their rosults have not beon pub=
; lished. It is only possidle to speak of the methods of treatment of piockeringite
I in & general mamner. It is well known that pickeringite, alumogen and other sul-
phates found in rock arc easily soludle in water. It sdohs rocasonable therefore
to assume that thoy oould be frood of possiblo acocompanying impurities that are
not solubtle in wator Yy centrifuging an aqueous solution,

T70. After sreating tho solution thus obtained with ammonia Ry the mothod de~
ooribed above, ammonium alun oompounds of aluminium are obtainod which are solu~
ble with diffioulty in ocold wator; these too Aro separstod by contrifuging. It
is well known that magnosiun sulphate does not form difficult saluble oconpounds
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with ammonia, and the samo applios to the othar ingredients, excopt for ferric
iron whioh must therefore be transformed into the lower forrous form as a pre-

liminary stop.

Ti. The natural sinoral boussingaulito (Nu4)2u¢(so4)2.6uzo is soludble in water,
wvhile the other natural minoral morenoeito 11804.1320 and the form of morenosite
in combination with magnosiun (pyromolin) are readily soluble in water. In addi-
tion to the methods oonsiderod adove for soparating the sulphato compononts of
pickeringite, theso componants can also be soparatod by using difforential heat
troatment and breakdown in an oxidising modiums

Al
z(”a): Mes0,
Heat of formatiom, koal/nole 820.98 305.5
Teapsrature of decomposition 770°C 1100-1200°C

in an oxidising medium

T2. There may also be other mothods of solving tho probloms of breaking dowm the
sulphate components of pickeringite which have beon worked out in practice but not
Yot pudblished. The most reasonable thing to do, in this ocomnexion, would be to
turn first of all to the work of the Canadian Governmant Minos Buraau Research
Centre, which specialises in the broakdown of matal sulphates.

T3« The prectiocdl solution of this quostio must undoubtedly be procoded Wy a
fully laboratory investigation of the dotails of the tochnological process and a
test of the process in a half-scalo pilot plant; this would bo oxtremoly useful
for ocouniries possessing deposits of pickeringite, as it would enable them to ume
the extremsly valuadle components making up this material.

1. GRERAL CONUSION

T4. The solution to the problea of providing raw matorials for the future pro-
Guoction of alumina must be sought basically in the oomprehomsive processing of

the great rock matrioces which arc the sources of the present raw materials for

alumina production: namely, beuxitos and laterites.

75 Naturslly, an effective method must first of all bo worked omt for the pro-
cessing of laterites and mountain rock deposits that have begun tho process of
weathering and which contain either high ooncentrations of aluminium oxide or
large oantents of other components suitable for comprehonsive extraction.
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76. The separation of the alumina and other useful oomponents is facilitated Yy
finely disporsing the ores and the iron-reducing agent, using the most active type
of peat and coal of vogetable origin (the consumption of thesc is only half that
of coke and they are quickly restored by nature), and bringing the reduced iron
into a finely-dispersed state in whioh it is casily removed Wy elactro-magnetic
soparation.

77. The quiokest and most effective solution of this whole problem can only be
roached under the auspices and through the rosources and offorst of the Neta)~' -
lurgical Industries Boction of the Unitod Rations.

78. The prccessing of aluminium silioates into alunina becomes industrially feasi-
ble whon there is the right combination of economic factors such as the availabil-
ity of cheap raw materials, cheap power and cheap ohemioal raagents (eege sodium
sulphate), the goneration of 80, as a by-product, or the production of surplus
chlorine, when aluminium silicatos oan be troeated Yy ohlorination (silicones and

| similar oompounds).

79. Tho utilisation of sulphato raw matorial such as pickeringite and alunito
may in the near future satisfy the local neods of oountries that have such raw
miterial at small oxponse.

80. Por the future production of elumina, it would be best to conoentrate om the
processes doscribed in references (7) and (31).

e L
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