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ABSTRACT 

This report describes laboratory experiments done to 
recover cell-grade alumina fromaluminiferous shale. 

The shale was baked with concentrated sulphuric acid to 
sulphate the aluminum, iron and potassium constituents and to render 
the silica insoluble. The sulphated shale was then leached with hot 
mother liquor which contained potassium sulphate. When the hot 
liquor was cooled, potassium alum was precipitated, thus bringing 
about an initial saparation of the aluminum from the iron. 

The potassium alum precipitate ums purified either by re-
crystallization or by a treatment with a kerosene solution of Primene. 
Both of these treatments effectively reduced the level of iron 
contamination to the point that, when the purified alumwas thermally 
decomposed and leached, the level  of impurities in the alumine  was 
sufficiently low for the material to meet the specifications fibr cell-
grade alumina. 

During the leaching of the  decomposed alum, the potassium 
sulphate added initially to the circuit was recovered, together with 
the potassium originally present in the shale. As a result, by-product 
potassium sulphate should be racoverable fromithis type of processing. 

The iron originally present in the shale was not recovered 
in a usable form. However, a major part of the sulphuric acid used 
initially in sulphating the shale should be recoverable from the 
off-gases produced during the decomposition of the alum. 

*Senior Scientific Officer and **Head, Extractive Metallurgy Section, 
Minera].  Dressing awl Process Metallurgy Division, Mines Branch, 
Department of Hines and Technical Surveys, Ottawa, Canada. 
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INTRODUCTION 

At the present time, the aluminum industry in Canada is 

entirely dependent on imperted alumina and bauxite for the production 

of aluminum. The same is true for a large segment of the aluminum 

industry in the United States. 

Te decrease this dependence upon  out side  sources for raw 

material for the aluminum industry, umny attempts (1.2°)  have  been 

made to utilize the enormous resources of clays and shales in Canada 

and the United States. These attempts, for the most part, have been 

unsuccessful because good imported bauxites are readily available, 

shipping charges by boat are moderate, and the costs of processing 

bauxite to high grade alumina by the Bayer method are reasonable. 

In contrast, since domestic clays and shales ccntain comparatively 

small amounts of aluminum and relatively large amounts of silicon and 

iron, the processing of the clays and shales to obtain alumina is 

expensive,
(14115) and many of the mehods that have been tried 

have failed to produce a material which would meet the silica and 

iron specifications for cell-grade alumina. 

With the recent resurgence  in  Canada, and in the United 

States, ofattempts to recover cell-grade alumina from clew and 

Shales, the Mines  Branch undertook to review certain processes 

that had been triad with marginal success, and to determine by 

laboratory research whether agy of these processes might be 

adapted to current needs in the light of our present technology. 

In particular, it seemed quite possible that soue recent developments 
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in organic chemistry, relating to uranium technology, might be 

utilized for the removal of the last traces of iron from inter-

mediate products, to permit the attainment of a antisfactory 

grade of alumina. 

Although there are maRy clay and shale deposits through-

out Canada, all of the experimental work reported herein was done 

on material from a large eastern Canadian deposit. A substantial 

amount of this shale was baked with corcentrated sulphuric acid at 

the Hines Branch, to sulphate its various constituents. In essence, 

then, the problem resolved itself into one of recovering cell-grade 

alumina from a sulphated shale containing soluble sulphates of: 

aluminum, iron, titanium, magnesium, calcium, sodium and potassium. 

EXTERDUMAL FROCEDIME AND RESULTS 

Chemical and Mineraloeical Analyses of Shales and 
Sulphated Shale  

The chemical analysis of the rm.: shale used in this 

investigation is shown under the heading Sample 1, in Table 1. 

Fer comparison, the analyses of soue other Canadian nays and 

shales are also shown in the table. 
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TABLE 1 

Chemical Analyses of Canadien  Clays and Shales CO  

Censtituent 	Sample 1 	Sample 2 	Sample 3 	Sample 4 	Sample  5  

1 SiO2 	58.20 	59 	60.1 	61 	60 

A1203 	23.g 	33 	20.1 	25 	20 

Fe203 	6.05 	2 	8.6 	2.5 	5.2 

1(20 	
3.45 	 1.3 

14g0 	 1.70 	0.5 	0.8 	0.4 	2.8 

Na20 	1.28 	 0.9 

C 	 1.25 

TiO 2 	0.93 

CaO 	 0.80 	0.3 	4.3 	0.41 	3.6 

S 	 0.14 

P205 	0.09 

K20 f Na20 	 1.9 	 2.4 

L.G.I. 	reniaixide rj  

Sample 1 — Eastern Canadian shale used in this project. 

Sample 2 — Sample of a large British Columbia clay deposit
(21,22) 

Sample 3 — Averrge of sewral British Columbia clays and sha1es (22) 

Sample 4 — Average of several Saskatchewan clays and shaies

Sample 5 ...Average of several Quebec clays and shales
(24) 

Table 1 shows that the shale used in these experiments is 

not  unique in its chemical composition but is typical of Canadian 

shales. 

Based on the mineralogical and chemical analysis of 
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shale Sample 1, the approximate estimated composition of the raw 

ahale is as follows: quartz 35%, muscovite 32% 1  clay minerals 12%, 

chlorite 11%, «andalusite 6%, magnetite 2%, iron sulphides 1%, and 

carbonaceous matter 1%. Of the above minerals, aluminum is present 

in the muscovite, clay, chlorite and andalusite. 

When shale Sample 1 was baked with an equal weight of 

sulphuric acid, a sulphated shale was obtained. A partial analysis 

of the sulphated shale is given in Table 2. 

TABLE 2 

Partial Analysis of Sulphated Shale  

Constituent 	Percent present in 	Percent of 

	

sulphated rhea 	constituent that 

	

---T7Ve 	- 	 Soluble* 	is solublin  

Al203 3 	13.54 	12.60 	93 

Fe
2
0
3 	

3.82 	3.61 	95 

K
2
0 	 1.61 	1.38 	86 

Na20 	 0.55 	0.52 	94 

Based on a finely ground 0.5 g sample leached in 
100 ml of 0.5% v/v H2SO4  for 0.5 hr at 100°C. 

By sulphation with concentrated H2SO4, 93% of the 

aluminum in the shale was converted to sulphate which was soluble) in 

dilute acid. The other constituents (except silica) of the sulphated 

shale  are  also readily soluble. 

Preliminary Experiments  

When sulphated shale was leached with a small amount 

of boiling water, a hot concentrated lead' solution was obtained. 

ee 
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On cooling the solution, a viscous mass of altuain.um sulphate was 

obtained mhich was difficult to filter. Hashing of This mass to 

remove the large amount of entrained iron-bearing mother liquor 

from the crystals was very unsatisfactory, beéause of the slow 

filtration rate andethe rapid dissolution of the gelatinous mass. 

The difficulties encountered in the foregoing group 

of preliminary experiments were sufficient to show the desirability 

of developing a more satisfactory method of separating the aluminum 

sulphate from the iron-bearing leach liquor. 

In the second group of preliminary experiments, an 

attempt was made to precipitate the iron frem the concentrated leadà 

liquor by the addition of alkali. It was found that large amounts 

of alkali were required, both because of the relatively large 

amount of iron in the solution and because of the inherent acidity of 

aluminum sulphate solutions. 

A preférential separation of the iron from  the  aluminum 

could only be made by neutralization, in relatively dilute solutions. 

When concentrated solutions were used, large amounts of alumintua 

were precipitated with the iron. 

In the third grcup of pro  iminary  experiments, hydrolysis 

at elevated temperatures was tried as a method of decreasing the 

iron content of the leach liquor. 

Ba2(504)3 + 61120±-42 Fe(OH)3 1+ 3H2SO4 	(1) 

Fe
2
(SO

4
)
3 
+ 2H

2
0!t7;2 FeOHSO

4
1+ H

2
SO
4 	

(2) 
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In these experiments, sulphated shale was leached with 

distilled water for various periods of tire at various temperatures, 

either in an autoclave or in open beakers. The slurries were 

filtered and washed, and the filtrates were analyzed. The results 

are given in Table 3. In additional hydrolysis experiments, a 

solution containing 12.8 g A14 and 3.0 g Da4  was obtained by 

leaching 50 g sulphated shale with 250 ml 020 for 10 min at 95oC. 

The filtered leach solution was than hydrolyzed to  fora  hydrolysis 

precipitates, either by heating in a reflux condenser at 106°C or 

by heating in a sealed glass tube at 100°C. The filtrates from 

these tests were analyzed chemically; the results are shown in 

Table 4. The hydrolysis precipitates were analyzed by X—rgy 

diffraction. 

TABLE 3 

Bero1ysi_s_e_S111.22.____Iated Shale Slurries 

plia  e. 	ac 	-ach 	Leac 	• E 	rac  ion  
Shale 	Water 	Temp 	Time 	Al 	Fe 
:) 	 (ml) 	(oc) 	Ohr 

50 	 1000 	90 	0.5 	87 	26 
, 

n 	 125 	n 	75 	7 

n 	 n 	150 	n 	 43 	6 

20 	 100 	95 	0.3 	100 	76 

n 	 n 	 Il 	 140 	96 	52 

n 	 n 	 n 	3.0 	91 	46 

n 	 n 	 n 	6.5 	84 	24 
, 



TABLE 4 

Hydrolysis of Leach Solution 

Reac ion 	Hydrolysis 	Fi tra e 	0 Freci i a ion  
vessel 	Temp 	Time 	PH 	Al 	Fe 

(°C) 	(hi-) 	 _ 

Reflux  
condenser 	106 	0.3 	1.8 

II 	 0.8 	1.7 

a 	1.8 	1.6 

n 	3.6 	1.5 

" 	18.6 	1.3 	21 	72 

Sealed tube 	100 	63 	 56 	93 
, 

From Table 3 it can be seen that, by hydrolysis, most 

of the iron dissolved from the shale could be precipitated (0.5 hr 

at 125
o
C), thus producing leach solutions that contain only snall 

amounts of iron. However,  complote reurral of iron was nct 

compatible with high extraction of ellim4num. Tabla 4 shows that 

as the iron was precipitated by hydrolysis there was an increase in 

the acidity of the filtrate, in agreement with equations 1 and 2. 

Byhydrvlyzing for 63 hours, 93% of the iron in the leach liquor WM3 

precipitated, but  thora  was also a precipitation of 56% of the 

aluminum. 

Analysis of the hydrolysis precipitates by I—ray 

diffraction  indicated the presence of jarosite, 8:004.Fe2(SO4)3. 

4Fe(OH)3. The recognition of jarosite in the precipitate focussed 

attention on the high potassium content of the shale (see Table 1), 
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and initiated speculation on the effects that might be expected 

if more potassium were present in the solutions. 

From the data of Seidell (25) shown in Table 5, it was 

evident that the solid phase in contact with saturated alumimun 

sulphate solutions, containing potassium sulphate over a wide 

range of concentrations, is the double salt, potassium aluminum 

sulphate 9  KA1 ( SO4  ) 2.121120 

TABLE 5 

22221illy_e_K2SO4 in Aqueous Solutions of Al2(294 ) 3  at 25°C 

____ 	------ 
0 	sat  iiln  

1(250 	A12  SO4 	 Solid Phase 

	

0.0 	27.7 	Al2(504)2.181!20 

	

1.93 	30.3 	Al2(504 )3.18H2O+KA1(504) 2.121120 

	

1.94 	27.9 	KA1(504) 2.121120 

	

10.5 	1.5 	KA1(504 )2.121120 

	

11.5 	144 	RA1(504)2.12E20 + K2SO4  

	

10.8 	0.0 	K2SO4  

An examination of Tables 1 and 5 indicates that one of 

the solid phases obtained by cooling hot concentrated leach solutions 

from sulphated dlale would consist of potassium aluminum sulphate. 

This would be extremely desirable, since Partington (20 states 

that potassium alum forms well-defined octahedral crystals which are 

readily purified by recrystallization to give an alum that is free 

from iron. Consequently, it was speculated that  the  complete 

conversion of aluminum sulphate in leach solutions to potassium 
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alum, by the addition of the requisite amount of potassium sulphate, 

mipàt be a useful intermediate step in the recovery of alumina 

from shale. 

TABLE 6 

Solubilities of Sul  hates as a Function of Temperature  

Temp 	lit Sui.hate • • r 100 • sat  soin 	KA1 e04)2.12020 (g) 
( °C) 	Al2  504 3 	K2SO4 	KA1 SO4 2 • 	per 100 g 11120 

12H20 

20 	27 	10 	10 	 11 	« 

80 	42 	18 	63 	 321 

85 	- 	- 	74 	 - 

90 	45 	19 	- 	 2275 

92.5 	- 	- 	- 	 oo 

100 	47 	19 	- 	 - 	- 

Seidell (25) Table 6, also shows an interesting 

relationship between temparature and the solubilities of the 

various sulphates. The table indicates that recoveries of about 

40% might be obtained, by cooling hot concentrated solutions of 

either aluminum sulphate or potassium sulphate. However, a mixture 

of these salts, in the form of potassium alum, is extremely soluble 

at hig# temweratures and, since potassium alum melts in its own 

water of hydration at 92.5°C, potassium alum recoveries of  over  

90% should be obtainable hy cooling hot concentrated solutions. 

To test this  promise,  a hot concentrated solution of 

aluminum sulphate, containing iron sulphate with a ratio of Al:Fe 

of 9:1, WW prepared, and divided into two parts. After the 



addition of potassium sulphate to one part, both solutions were 

cooled and the crystals obtained were filtered and washed with 

4 bed-volumes of water. The aluminum sulphate crystals, which were 

difficult to wash, and which contained 30% of the iron from the 

initial solution, had an Al:Fe ratio of 30:1. By comparison, 

calculations showed that the coarse potassium alum crystals, which 

were readily filtered and fromwhich 98% of the iron in the liquor 

was removed, had an Al:Fe ratio of about 400:1» 

To demonstrate the applicability of alum formation to 

the treatment of shale, a sample of sulphated shale, to which had 

been added the requisite amount of potassium sulphate, was leached 

with about an equal weight of water. The hot filtered leach 

liquor, on cooling, formed potassium alum crystals which contained 

onZy 0.12% Fe. By recrystallizing and washing the impure crystals 

with equal amounts of water, potassium alum crystals were obtained 

which contained only 0.003% Fe. Calculations Show that alum 

crystals of this purity wmuld give, after decomposition and 

leaching, an alumina product which would meet the cell-grade 

specifications for iron. 

When a search was made of the enormous volt= of 
(1.17) 

literature on acid processes for the recovery of alumina 

it was found that certain processes utilizing alum (1,5,6,842 17) 

had already been  investigated, some of them on a pilot plant 

scale (569-11,17) The published results in some instances were 

encouraging, but a few of the processes appeared to be cumbersome, 

and the analyses of the alumina products only just met the 



specifications for*cell -grade alumina. 

It seemed worthwhile, therefore, to investigate the 

alum approach more fully by experiments designed to determine 

whether it might be appliedto the shale sample under study. 

Laaching of Sulphated Shale 

The first stage of the aluni process to te investigated 

was the leaching of suleated shale. For this purpose, a 2000 g 

samee of sulphated shale, to which 430 g K2SO4  was added for alum 

formation, was leached with 3300 ml H 20 for 30 min at 95°C. Tho 

slurry was filtered, and the hot filtered leach liquor was cooled 

and centrifuged to separate the alum crystals from the mother 

liquor. The filter residue was repulped twice with boiling water, 

filtered, and washed again with boiling water. The results are 

shown in Table 7. 

TABLE 7 

Recovery  of  Alum by Leac 	 Irith liatehin 	 r 

Nt 	Vol 	' 	Al 	Fe 	Cum.g ExtnAft  
Sample 	(g) 	(ml) 	(g) 	(g) 	--A1 	' 	Fe 

Head 	 2000 	143.4* 	53•4* 

	

133.4** 	50.4** 
AluniCrystal.s 	1640 	 91.1 	2.0 	68.3 	4.0 
Mother Liquor 	1560 	11.2 	29.8 	76.7 	63.1 
1st wash 	 2850 	19.2 	1.1 	91.1 	65.3 

- 2nd wash 	 6820 	4.7 	0.3 	94.6 	65.9 
Residue 	700 	 11.5 

kBased on % total Al and total Fe 

Based on % sol Al and sol Fe in 0.5% v/v 112SO4. 
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From Table 7, it is evident that about 77% of the 

soluble aluminum was extracted from the sulphated shale in the 

initial leaching stage. In this stage, the Al:Fe ratio Wali 

changed from 3:1 in the sulphated shale to 45:1 in the alum 

crystals,which contained 0.12% iron. These coarse crystals were 

considered suitable for further treatment for removal of irom. 

An over.all extraction of about 95% of the aluminum 

was obtained when the residue was repulped and washed. The wash 

solutions, as shown in Table 7, contained a significant amount or 

aluminum, but only small amounts of iron. These wash solutions 

would be suitable for use, instead of fresh water, in the 

leaching of sulphated shale. 

The mother liquors, from which potassium alum had been 

crystallized (Table 7), contained practically all of the extracted 

iron but only le of the total extracted aluminum. By discarding 

this mother liquor containing 19 g Fe/1, iron would be rejected 

from the circuit with the loss of only a comparatively small amount 

of aluminum. However, since this discard of liquor right te 

uneconomic and might create a disposal problem, methods of removing 

the iron from this liquor were sought. 

To investigate the removal of iron from mother liquor, 

synthetic solutions were prepared which were saturated at room 

temperature with alun and ccmtained 10-20 g Fe/1. To these solutions 

were  added either increasing amounts of CaCO3 , or sufficient CaO 

to raise the pH to about 2 or 2.5. The mixtures were heated for 

2.5 hr at 95°C to assist in the  precipitation of iron by 
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neutralization  and  hydrolysis. The iron precipitates were 

removed by filtration. The results of these experiments are shown 

in Tabla 8. 

From Table 8 it is evident that, by controlling 

conditions during the neutralization and hydrolysis, it was 

possible to remove about 80% of the iron and about 20% of the 

aluminum from gynthetic mother liquors. Since mother liquors 
•11,  

contain about 10% of the aluminum extracted from sulphated shale, 

a precipitation of 20% of the aluminum from the residual mother 

liquor corresponds to an over-all aluminum loss of only 2%. Hence, 

in an alumina recovery process, the treatment of mother liquor, 

prior to recycling it for leaching additional sulphated shale, 

removes most of the iron from the circuit with only a slight loss 

of aluminum. The iron precipitate, which contains jarosite, has 

been treated successfully,by, 	thermal decomposition and leaching, 

for the recovery of potassium sulphate and an iron product. 

To determine whether the iron removal treatment could 

be simplified by combining the separate stages of leaching and 

hydrolysis, additional expariments were done. Several 100 g 

samples of sulphated shale were treated at 95°C for various periods 

of tire with 225 ml portions of a synthetic mother liquor. The 

hot slurries were filtered and the residues were each rapulped 

and wmshed successively with 70, 35 and 35 ml portions of hot 

water. In another experimant, 50 g samples of sulphated shale 

were treated at 95°C for 2 hr with 70 ml portions of gynthetic 

mother liquor containing about 10 or 20 g Fe4. After filtering 



TABLE 8 

Tre atnttler Liquor byartial Neutralizationawili s 

	

notlFerrerelF 	 Solution 	Hydrolysis 	7. Extraction  

	

i  Vol 	Al 	Fe 	 Reagent 	 PH 	filtrate 	Al 	Fe 

	

(e) 	(fill-) 	(g4) 	 pli  

	

50 	9 	20 	1.45 	0 	 1.2 	0 	14 

	

» 	it 	t. 	It 	 1 g CaCO3 	 1.30 	7 	77 

	

tt 	ti 	n 	it 	 2 g 	" 	 2.10 	17 	82 

	

tf 	n 	n 	It 	 4 g 	" 	 2.85 	72 	94 

	

n 	n 	n 	If 	 8 g 	If 	 8.00 	100 	100 

100. 	7 	10 	1.8 	0.2 g CaO 	2.0 	1.6 	2 	37 

	

it 	n 	n 	n 	1.1 g 	" 	2.5 	1.5 	18 	76 

100 	7 	20 	1.5 	0.7 g CaO 	2.0 	1.4 	5 	42 

	

n 	li 	n 	it 	 1.8 g 	II 	 2.5 	1.5 	17 	76 
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the hot slurries and washing each of the residuas with two 10 ml 

portions of hot water, potassium sulphate was added to the hot 

leach liquor to pronote alun formation. The results are shown in 

Table 9. 

TABLE 9 

Laachine  of Sul hated Shale mith Mother Li uor at Elevated 
TeLverature  to Combine Leacan and Hydrolysls 

11767tEë77Elquor 1 	Leach Filtraiiiiii---Uum 	Uother E,--g—Wi  

	

Al 	Fe 	T1M3 	Time 	Crystals 	Liquor 	Al 	Fe 
(E4) 	(g/l) 	(hr) 	(hr) 	(ee) 	Fe 

(g/1) 	 , 

	

7 	10.1 	0.05 	0.5 	 79 	15 

1 	0.5 	 90 	—20* 

3 	0.5 	 89  
! 	 "1 1 	 8 	0.5 	 88 	—76' 

't 

	

6 	9.9 	2 	0.5 	0.11 	7.5 	66 	—14 

	

6 	20.5 	2 	0.5 	0.22 	12.9 	69 	—2111  

'Percent  removal from mother liquor 1. 

From Table 9, it is evident that, by leaching sulphated 

shale for a very short period of timm with mother liquor, a 15% 

extraction of iron from the shale was obtained. By using longer 

leaching periods, to fanilitate hydrolysis, there vas no net 

extraction of iron from the shale but, instead, there was a decrease 

of front 14 to 76% of iron in the liquors& At the sa  me time, all of 

the allunimut in the recycled mother liquor mus recovered, together 

mith 86 to 90% of the aluminum from the sulphated shale. Those 



16 

data indicate that if sufficient alkali were used to neutralize 

the acid generated by the hydrolysis of iron, a cyclic process, 

under steady conditions, might be expected to produce: 

(a) Mother liquors containing less than 10 g Fell. 
(b) Alum crystals containing about 0.1% Fe. 

(c) No net extraction of iron but, instead, the hydrolysis 
and rejection of iron with the shale residue. 

(4) Recovery of about 90% of the soluble altuainum from 
the sulphated shale. 

Purification  of Alum Crystals  

Impure alum crystals, obtained from the leaching of 

sulphated shale and containing 0.32% Fe, were used in the 

purification experiments. To minimizo  the  amount of water required 

for purieying the alum, a countercurrent crystallization technique, 

as shown in Figure 1, was used. 

25g 
impure a1um_____> 1 Stage 1 1_>  

(0.12% Fe) 

• , 
Tiarb 

Liquor 

I —  — 
1 

1  
Stage 3 1._) 

1 
- - - 

30 ml 
1120  

Stage 2 k Stage 4 
Purified 

 aluni  
(0.0003% Fe) 

Figure 1 - Countercurrent Crystp11 4,.ation of Alum. 

In these experimants, 25 g of impure alum was used in each of  the  

four stages of crystallization. The slurries wore heated to about 

90°C, to dissolve the impure alum, and then cooled to crystallize 

the purified alum. After filtration, the crystals and 'rash liquors 

liere moved countercurTently. These countercurrent crystallization 

tests were continued until steady-state conditions were obtained, 
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then the crystals from the various stages were removed and analyzed. 

The analyticedata are shown in Table 10. 

TABLE 10 	, 

Countercurrent Crystallization of Alum 
(Steady-State Conditions) . 

Crystallization - 	Wash Liquor ' 	Alum Cryatals 
Stages 	 (Fe gill) 	(% Fe) 	. 

0 	s 	 0.12 

1 	 1.0 	 0.0100 

2 	.. 	 0.06 	 0.0020 

3 	. 	 0.006 	0.0005 

4 	 0.001 	0.0003 

The countercurrent experiments show that two stages of 

crystallization were sufficient to achieve adequate purification 

to meet the requirements. Additional stages of crystallization 

produced an alum o£ extremely  hi  gh purity. The wash liquor from 

these tests, because it was saturated with alum but low in trou, 

would be suitable for leaching and washing of sulphated shale at 

earlier stages in the circuit. 

As an alternative to recrystallization„ it  was  found 

possible to use liquid-liquid extraction to remove iron. In an 

experiment, 25 g of impure alum crystals in 25  ml of water was shaken, 

In succession, with two 100 ml portions of a 5% v/v Prisions  .ner 

solution in kerosene. The organic phase was decanted  from  the  

aqueous slurry, and the crystals were separated from the aqueous 

solution  by filtration. 

Primene Mt is a primary amine from Rohm & Haas. 
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TABLE 31 

MMWOMI 

Primene stages 	0 	1 	2 
, 	 t  

Alum purity (% Fe) 	0.22 	0.004 	0.0005 
t 

The Brienne solution effected an almost conplete removal 

of iron from the alum crystals. The Prinene solution, after treatment 

with alkali to precipitate iron, was suitable for recycling. The 

aqueous  solution  which was separated from  the  purified alum crystals 

contained negligible amounts of iron and would be suitable for 

recycling to form slurriee with impure alum. 

As shown by countercurrent liquid-liquid extraction 

tests by the Mines Branch Radioactivity Division, Prime=  solution 

removes mainly iron and only traces of aluminium. Under the steS4-. 

state conditions of one experizent, the aqueous phase was found to 

contain 0.002 g Feil and 50 g A1/1, whereas the organic phase 

contained 3.2 g Fell and 0.04 g Al/l. Other preliminary data frem 

the countercurrent tests indicate a consumption of 3 to 4 lb Ca0 

per lb iron, in the precipitation of iron from Brine»; the Brine» 

bases per lb iron extracted  are 0.01-0.03 lb in the composite 

barren raffinate, 	lb in the kerosene- or water-washed iron 

oxide cake, and 0.002 lb in the precipitation barren. The above 

data indicate the reagent costs dhould be lov when Prime» is used 

to realm% the relatively small amounts of iron in the alum crystals. 
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Recovery  of Alumina from Potassium Alum 

The feasibility of prermring alumina from alum has 

already been established by the United States Bureau of Mines.  

In this pilot-plant investigation, suitable .stages in the process 

were foend to be: dehydration of alum, at  375-475°C, in a vertical 

column flash dehydrator; decomposition of a mixture of anhydrous 

alum and 4% wilt petroleum coke, at temperatures up to 900 °C, in 

a direct-fired rotary kiln; and leaching of potassium sulphate from 

the calcine, with hot or cold watento yield a product which after 

heat stabilization treatment would be suitable as a cell feed in 

the production of aluminum. 

A few tests were made in the Mines Branch laboratories 

to check the conditions for the recovery of alumina from alum. In 

son of these tests a fluidizer was used. It was a vertical 1 in. 

diameter silica tubee fitted at its base with a silica cloth for 

supporting the charge over the gas inlet. In these tests, either 

the entire charge was added initially to the fluidizer, which W28 

thon  heated slowly, or the charge was added slowly to the preheated 

fluidizer (for flash decomposition) and then fluidization was 

continuad Dar a given period of time. In other experiments, alum 

was dehydrated in an oven at 400°C and, after pulverization of the 

fragile porous mass, the powder was decomposed at various bed 

depths in a muffle furnace. All calcines were leached with water 

for tho removal of potassium eulphate from the alumina. The dat¢ 

of Table 12 show that, under suitable conditions, the alum can be 

treated by decomposition and leaching to yield an alumina containing 
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only anall amounts of potassium» 

TABLE 12 

Recovery  of Alumina from Alum 

Furnace 	Temp 	Bed 	A.dxt on 	Flu • z ng or 	o assium 
( °C) 	Depth 	Tine 	Decomposition in Leached 

cm 	hr) 	Tire (brL Alumina (%) 

Fluidizer 715-900 	 3 	0.42 

ft 	750 	 0.5 	1.5 	0.24 

If 	 900 	 0.8 	0.5 	0.13 

Muffle 	900-940 	4 	 1 	>5 

II 	900 	1 	 1 	0.21 

0 	900-940 	0.5 	 1 	0.08 

Recovery of Alumina from Shale  

Having prepared a suitable alumina from a pure alum, 

experiments were then begun to deterndne whether cell-grade alumina 

could be obtained from shale, by the process described in this 

report. For this purpose, three samples of sulphated shale, to 

which the requisite amount of potassium sulphate had been added, 

were leached at 95°C with hot water. The hot filtered leach 

liquors were cooled, and the resultant alum crystals were  thon 

 separated from the mother liquor by a basket centrifuge or by a 

sintered glass filter funnel. The aluut was crystallized and 

washed several tires for the removal of iron, and the purified alwa 

was decomposed at 900°C. By leaching the calcine with mater for the 

removal of potassium sulphate, an alumina product was obtained. The 

purity of the alumina from thee° three tests is given in Table 12. 



TABLE 13 

Partial Analysis of Alumina %covered from Sulphated Shale  

‘ 
Fe* 	le 	Ne 	Si 	Cu 	Pb 	Mg 	Ni 	Ca 	Cr 	B 

Sallee 	(%) 	(f) 	(f) 	(f) 	(%) 	(f) 	(f) 	(f) 	(f) 	(f) 	(f) 

1 	0.09 	0.04 	n.d. 	. 0.05 	0.03 	0.005 	0.015 	0.03 	0.003 	0.001 

2 	0.015 	0.14 	n. d. 	0.08 	0.04 	0.02 	0.01 	0.004 	 0.001 

3 	0.005 	0.18 	n. d. 	 0.02 	042 	0.01 	n. d. 	n.d. 	n.d. 

Chemic al analysis. The othe rs ate by semi-quantitative spe ctrographic analysis. 
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For comparison, the percentage impurities in typical Bayer aluminas 

are reported to te (431497) : Fe, 0.01-0.03; K, 0.02; Na, 0.i3-Q,33; 

Si, 0.01-0.02; Mg, 0.01-0.03; Cat  0.01-0.03; Ti, 0.002-0.005; 

P, 0.004. Tho average chemical composition of oeil-grade  alumina 

from the Kalunite alum process (6) which was used to produce 

electrolytic aluminum metal on a tonnage basis, is given as (7) t 

Fe, 0.06-0.10; K, 0.21-0.66; Na, n.d.; Si, 0. 04.0.11; Ti, 0.003; 

0.004-0.04; S, 0.13-0.76. 

CONCLUSIONS 

The foregoing experimental data show that alumina, of 

a grade acceptable for electric reduction to aluminum metal, can 

be prepared from this particular sample of low-grade aluminiferous 

shale. Although the work on this shale was done on laboratory 

scale only, enough information was obtained to warrant setting up 

small-scale closed-circuit pilot experiments. 

A flow sheet for connecting the various steps suggested 

by these experixents has been sketched and is shown in Figure 2. 

Experiments based on This  flow sheet are likely to yield suffIcient 

information to determine whether additional large-scale pilot plant 

work is warranted. 
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Figure 2 - Flow Sheet for the Recovery of Alumina from Shale. 
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