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1k Abstract (Limis 200 words)

. i . _ The Burean of
Mines studied alumina extraction from uncaleined, kaolinitic
clay at temperatures from 100° to 250° C using 20- or
27-wt-pct-HCl concentrations and with an acid-to-clay ratio of
from 0.8 to 1.4 times stoichiometrie. Autogencus digestion
%re_ssurgs ranged from atmospheric pressure to about 900 psia.

xiraction of 96 pet of the alumina was obtained by HCI
leaching at, temperatures and leaching times that varied from
160° C for 120 h to 200° C for 15 min. Hydrochlorie acid
stoichiometry of the reactior ALOy;2Si0s2H,0 + 6HCI —p
2AICL; + 2810, + 5H,0 was studied at different temperatures
and leaching times in a 750-mL tetrafluoroethylene-polymer-
lined autoclave, A combination of high temperature and 20 wt
pet excess HCl promoted rapid and almost quantitative
extraction of zluminga (99 pet in some tests). Additional Bureau
data obtained with 35-mL tantalum bombs and leaching tests
with added fluoride are also provided. At high temperatures,
the addition of fluoride did not result in a signifieant
improvement over HCl alone and was deleterious to the filtering
properties of the digest residue.

Alumina
Acid leaching

17, Documecst Anslyms A a-mu‘nu
Minerals and materials research
Alumina extraction Clay-hydrochloric acid process

Alumina uncalcined kaolin

Pressure leaching Clays Acid process
b WentiferssOoen-Encet Terms
Autoclave Extraction
Hydraechloric acid Leaching (chemical)
Raw kaolin Kaolin
Clay
e, COZAT Fledd/Groun
18 Aveilatility Statement I3, Securty Caax (This Awoorg 2L Tea of Pagem
Release unlimited by NTIS. [ TUnclassified 18

Swcprity Class (This Peew)
JnUnclassified

[zz.m

(Sow ANU-ZT9.10

Sow IneTructiom on Reverss

OFTICMAL FORM 17T [4=TT)
(Formmr y MT13=3T)
CagurTmant of Cofmmearcy



ADSEraAC ceennereussososssasossssstassssnssnssrasssassssssassssssnsssnessssssnnnsns

IntrodUCE i ONe ccsssasesssnnrsnssossssssnasnonaansssnesssasssassssnoassssnnedenss

EXperimeNEal, v et ervesnsrsosnsessrsossosasstassasosasssacsessnsonnasasasssossas

Results and discusSsSion.s..eeceiasssssansaansesassasastrssssssssssssssssnsssssannns
Atmospheric leaching. ... ieseessesesccrnsesaansnssassnessassssoososanasnsssnsnas

RAW KAOLil e et e sasssssonssnnssssssnssoassseesssassansssassssansrsossssssennnennss

Atmospheric leachinge. . useeeeaeeeresscsassasessessssnesnsessssnansnsssssnnns
Pressure leaching.cesesececissnssssansssssnsossnsssassrsosssssssosnnsnesasssnnansns
Fluoride—enhanced leaching..iieesoeaesceerssasoscsoaacasasrsssssasnssassscsnnsnoas

MAterialoeeeesssnsoaseancennsssaessssrnssssossssnnsnstsansacsssnnessnsssnssansse

Equipment........----.................-----...-.-----......-----........-....

ProcCedille S s sarunsstotnacansssnasssnsssasnntedsasvnsrnasisssnsrsasonnossssssssnnnns

CONTENTS
Page

Atmospheric leaching...e.ieisererrecnssssoonsaioccssssrnenstsossssnsnantnsssasse
Pressure 1eaChinfeeeseerisessessosansssssassssssnsssnssansssnsssassssacsnansca

Atmospheric leaching.....iciiiiarsneenstosconssneerssnsnssasssnncsnnssssssans
Pressure leaching"!...ll....l!l.!"i'.‘l!'l.I.l“‘lll.'.COOO‘IIIIOOI.O‘.OO
Analytical MethoOdS . uesssereasviosaessassonssassasetsrsassnssssssusssaanssasns

OL OO~ PP WD MDD -

Pressure 1eachingeieeeecesssessrssannsstssassssnsasnsascossnasssossasnasssssanasrsnas 10
Effect Of LempPeralure. ieesceesesoscosatotsnrsaneaastasnsacsnnsbosascnnsntsnsses 10
Effect Of Eime.ceeeseisssenasssasssnsasssoasosnssoasasnssnnosossnasassnssns i3
King's hydrothermal digestion 0f Kaolilueseeeeieoonnarsresssssnsonassnssnns 13

Summary and CONClUSIONS . v uenearsrsasssoanrscsassasaossssratonasssnasssssssssnsss 15
RO E TS et sensreroocsarsnsennssnsnrsresanssssnsansasssesnssnrsassossonnsssotnsasas 17

1.
Z.

4.
5.
6.
7.
8.

ILLUSTRATIONS

Berghof TFE-polymer-lined AUCOClave.iessssasnssssssnsaasssssssonssosanssnsnnss
Heating curve for TFE-polymer-lined autoclave with fluidized-bed heater....
Alumina extraction versus time for atmospheric pressure leaching of kaolin. 10
Effect of temperature on pressure leaching of alumina from air-floated

O o

KA0LliMaseesaeetatassesannsnssnsososnasecrannnssstnssstsassnsnstsanasasnrnssns 11
Effect of time and HCl stoichiometry on pressure leaching of alumina from
air-floated kaolin at 175° and 200° Cuvevasssnnssssassssasssssnsssnssssnns 13
Effect of time and HCl stoichiometry on pressure leaching of alumina from
standard kaolin at 175° and 200° Cevierivrostosononannssasssssesssonoasses 13
Effect of time and temperature on pressure leaching of alumina from Kaiser

KAOLlimMe us tasnsesetnesoosnnssusssssssssssnsassssssnsssnsosscsssssssssssssanss 15

TABLES

Composition of Gerber's German clay and Aglietti's kaolileeesacescssosesass 3
Extraction of alumina from unrcasted and roasted Gerber's German clay with
7—WE=PCE HCLuvuueonruensonssonnssassssosnnrssrsttarsnncnnrstssanscsnrnssnst
Chemical analysis of kaolinitic Clayeeeenessssossssesscsasssssssssasssasses
Typical nonkaolinitic mineral content in standard and air-floated kaolin...
Mineral grain count of standard Kaolif.essesseososessvsssssssanssnssrsassns
Particle size analysis of dispersed air-floated and standard kaolin...sseee
Screen analysis of ground, standard kaolin used in HCL leaching tests......
Effect of stoichiometry and time on atmospheric leaching of alumina from
air-floated kaolin with 20-wt—pct HCl, and analysis of pregnant liquors
And TeSidUES e e e onsearornetotasssansnertonsscsasosansssssssrotansasonsansns 10

= = O L



ii

10.

El.

12.

13.

14.

15.

l6.

TABLES=-Continued

Effect of stoichiometry and time on atmospheric leaching of alumina from
standard kaolin with 20-wt-pct HCl, and analysis of pregnant liquors and
FES AU s aeaestssnnronnasesssssasrsasnsrsonsanssesnssnsssssansssnsrsossens

Extraction of alumina from Kaiser kaolin with 20—~ and 27-wt-pct HCL at
temperatures from 100° to 150° C, with and without NaF additions, using
20 Wt pet excess aChdee e iisnsnsarssroceastssrnsonessanesssssssrasseensaas

Effect of stoichiometry and temperature of 20-wt-pect HCL on 2~h pressure
leaching of alumina from air-floated kaolin, and analysis of pregnant
1iquors and residueS..cessessssnsasssrsnssaresstsnsrossanssnsastisrrosnssoncs

Effect of stoichiometry, temperature, and time on 20-wt-pct HCL pressure
leaching of aglumina from air-floated kaolin, and analysis of pregnant
liquors and residues.iuianees i ssrssasstroorssnososssnnssssrtstsnnssssssosnnns

Effect of stoichiometry, temperature, and time on 20-wt-pct HCl pressure
leaching of alumina from standard kaolin, and analysis of pregnant lig-
UOTS and reSidubCSeesseesaessossseanvsaserosssenssrosssnssassssessssssasnons

Effect of residence time on hydrothermal extraction of alumina from Kaiser
kaolin with simulated recycle acid from the clay-HCl process at 175° and
200°% Cuvivuuavrvososennnasnssssanssassnsensssnsnassssssssasrsasasnsnasenesss

Effect of stoichiometry, temperature, and time on hydrothermal extraction
of alumina from Kaiser kaolin with 27-wt-pct HCl..iiieeernnsnnesneseasnns

Effect of ¥~ ion addition on the hydrothermal extraction of alumina from
Kaiser kaolin with 27-wt-pct HCL At 2507 Cuveveerossnnnessssassnnocrvnnns

Page

11

11

12

14

14

15
16

16

UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPCORT
A angstrom mm millimeter
atm atmosphere min minute
°C degree Celsius mL milliliter
ft foot m? /g square meter per gram
g gram oz ounce
g/mL  gram per milliliter pct percent

h hour ppm part per million

L liter psia pound per square inch, absolute

nm micrometer wt pct weight percent




PRESSURE LEACHING ALUMINA FROM RAW KAOLINITIC CLAY
USING HYDROCHLORIC ACID

By Dwight L. Sawyer, Jr., ! and Theodore L. Turner?

ABSTRACT

The Bureau of Mines studied alumina extraction frem uncalcined, kao-
linitic clay at temperatures from 100° to 250° C wusing 20— or 27—
wt—pct~HCl concentrations and with an acid-to-clay ratio of from 0.8 to
1.4 times stoichiometric. Autogenous digestion pressures ranged from
atmospheric pressure to about 900 psia. Extraction of 96 pet of the
alumina was obtained by HCl leaching at temperatures and leaching times
that varied from 100° C for 120 h to 200° C for 15 min. Hydrochloric
acid stoichiometry of the reaction Aly03°28i0,°2H,0 + GHCL » 2A1C14
+ 25105 + 5H0 was studied at different temperatures and leaching times
in a 750-mL tetrafluorocethylene-polymer-lined autoclave. A combination
of high temperature and 20 wt pct excess HCL promoted rapid and almost
quantitative extraction of alumina (99 pct in some tests).

Additional Bureau data obtained with 35-mL tantalum bombs and leach-
ing tests with added fluoride are also provided. At high temperatures,
the addition of fluoride did not result in a significant improvement
over HCl alone and was deleterious to the filtering properties of the
digest residue,

TSupervisory chemical engineer {now with Mclycorp, Inc., Mountain Pass, CA).
2Research chemist (retired).
Reno Research Center, Bureau of Mines, Reno, NV.



INTRODUCTION
Investigations described were wunder-  which the alumina may be dissolved and
taken to establish conditions that would silica rejected (2-4), and the high ratio

provide an evaluation of the effective-
ness of HCl-pressure leaching of aluminum
from uncalcined kaolin. Data in the lit-
erature strongly suggested that direct,
HCl-pressure leaching was effective under
controlled conditions. Experimental con-
ditions were selected that represented a
reasonable range of temperatures and as-
sociated autogenous pressures and HCL
concentrations for bench~scale equipment
constructed of corrosion-resistant mate—
rials. Information concerning the avail-
ability and quality of kaolin raw mate-
rial and a review of pertinent literature
are given in the following sections.
This study did not include solid-liquid
separation, which is covered in Reports
of Investigations on the Bureau's alumina
miniplant research.

RAW KAOLIN

Large reserves of clay suitable for
the production of alumina (A41,03) exist
within the contiguous 48 States. Ward
(1)3 states that the 3.5-billion—ton
kaolin reserves in the Wrens District
located 1in the northeastern section of
the Georgla clay belt have the best po-
tential for alumina production. Condi-
tions are amenable for large-scale min-—
ing, reserves are adequate to support the
operations of several companies, and the
kaolin has a high alumina content. For
potential alumina production, the deposit
must have a nminimum of 150 million tons
of kaolin containing a minimum of 35 pct
alumina in a single or contigucous body
-

Kaolin 1is composed principally of
the mineral kaolinite (Al,03°2510,*2H,0;
39.49 pet Al,03, 46.60 pet Si0,, and
13.91 pct Hp0), in which the alumina con-
tent can be rendered almost completely
acid-soluble by calcination in the tem-
perature range of 600° to 850° €. Its
high alumina content, the ease with

3Underlined numbers in parentheses re-
fer to items in the list of references at
the end of this cepovrt.

of acid-soluble alumina to impurities
make kaolin a preferred source of alumina
after bauxite. Kaisetr Engineers deter-—
mined that of six processes studied, the
clay-HCl process using HCL gas—induced
crystallization had the lowest capital
and operating costs (5-7).

ATMOSPHERIC LEACHING

Short—-time atmospheric leaching of
kaolinite-containing aluminum ores with
boiling dilute mineral acids results in
low yields of alumina. Acceptable yields
are obtained if the kaolinite is dehy-
drated and decomposed to amorphous alu-
mina and silica by caleining prior to
acid leaching. The amorphous alumina
formed is socluble in most hot dilute min-
eral acids. The energy-intensive cal-
cination step is indispensable for the
acid leaching of ores containing kaolin-
ite and constitutes an essential step in
the clay=HCl process (2, 8).

Data from Gerber's investigation (9) of
a German clay i1llustrated the enhanced
aluminum solubility in acid that may be
obtained by calcination (tables 1 and 2).
Results of the HCl leaching experiments

that used an excess of 7-wt-pct HCL at
91° ¢, show low aluminum solubility from
the uncalcined clay (3-9 pet), compared

with solubility of the calcined clay (59—
74 pet).

In 1927, Tilley of the Bureau of Mines
reported an extensive study of acid pro-
cesses for extracting aluminum from
plentiful nonbauxitic sources such as
kaolin, alunite, leucite, aad other alu—
minous minerals suitable for acid de-
composition (10)., At that time, H,80,
systems were considered, because the com-
bined waste production of S0, in Utah,
Arizona, and Montana was several thousand
tons daily. Because the HCl process of-
fered easy removal of iron and the nitric
acid process had been examined exten-

sively in Norway, these processes were
also investigated,
Tilley investigated the sulfuric

acid leaching of air-dried raw clays.



TABLE 1. - Composition of Gerber's
German clay and Aglietti's kaolin,

percent
Component Clay! | Kaolin?
AloOg3ersenensnenseneannas | 33.88 37.11
AlkalieSieevsacrcannncnns 2.61 NA
Cal0eierssonssnssnsnsssonas .70 NA
Feo03usseesnnsnesnsssnnas 2.48 1.64
MZOseeneessncecnoncnssnas .31 .50
Bi00assersssnnnnsancenssa| 46,08 45.94
s NA .33
Water:
Loss on jgnition.......| 13.44 NA
Loss on ignition
1,000° C.. NA| 12.52
Total.ssssssseeansas | 99.50 98.04

NA Not available.
lReference 10. 2Reference 18.

TABLE 2. ~ Extraction of alumina from
unroasted and rodsted Gerber's
German clay with 7-~wt-pct HC1 (ig)

Wt pet
Unroasted:
1-h leach.iecesssescanrasensnsans 3.4
3.9
3~h leacheiisisecesssenesssasnsans 8.6
Roasted:
700° € for 1 h, 1-h leach...... 58.9
58.0
700° C for 2 h, 3-h leachiiiss. 73.7

Variables included concentration of acid,
ratio of acid to bases (stoichiometry),
and temperature, Experimental results
favored dilute acid, 15 wt pct, and indi-
cated that concentrated acid, 80 wt pet,
was less efficient in extracting alumi-
num. Stoichiometry tests at 170° ¢ for
44 h demonstrated the effectiveness of

excess 60-wt—pct HoS50, as follows, in
weight percent:
Alumina
Stoichiometric acid extraction
120 e seesnonennnoasnoannna 95
100 eeesieeeencannsanaans 83
100eestiearensonsacrennes 77
0. cevtsanccnsonersnnnens 71

Leaching tests conducted for 96 h, in
which the temperature was maintained at
105° ¢, provided conditions comparable

to atmospheric leaching with HCl. Ex-
tractions ranged from 95 to 98 pet. Til-
ley concluded that the efficiency of HCL
and H,y30, for dissolving aluminum from
clays was about the same, except that HCL
leaching did not dissolve titanium.
Petzold (11) investigated the extrac-
tion of aluminum from kaolin in an excess
of boiling 3N HCl and as a function of
pretreatment temperature and mechanical
activation in a ball mill. Short-dura-
tion acid leaching did not attack kaolin
dried at 110° C, but ou prolonged heating
up to 50 h, an 80-pct extraction was ob-—
tained. Kaolin that was heated to 400° C
exhibited higher aluminum leachability,
about 87 pct for a 50-h acid leach. The
leachability of aluminum increased with
increasing calcination temperatures up to
about 850° C, and then decreased (8, pp.
23-24, 12). -
in an__lnvestigation of the
dilute HCL on two typical kaolinitic
clays, Gastuche (13) established that
leaching of the kaolinite structure pro-
ceeded wuniformly on all surfaces as a
first—-order reaction directly propor-
tional to acid concentration from O0.1N
to 2.0N. -

attack of

PRESSURE LEACHTNG

Adid digestion ar high remperatures and
pressures has been used by analytical
chemists to dissolve refractory aluminous
materials, Wichers (l4) describes an
analytical method in which refractory ox-
ides, ceramic materials, and minerals may
be prepared for analysis by decomposi-
tion with HCL or HI at temperatures up
to 300° €. The techniques and equipment
used for treating refractory samples
with aqueous HCl in sealed, heavy-walled,
borosilicate glass tubes have also been
described (15).

While no specific mention of kaolin was
made, a number of porcelains? containing

36 to 97 pet alumina and up to 57 pet
4p translucent ceramic ware, usually
glazed, existing in many varieties ac-

cording to composition and method of man-
ufacture, bhut characterized by a glassy
fracture and a high chemical resistance
tc mineral acids except hydrofluoric.



silica were successfully decomposed at
300° ¢. The attack on borosilicate glass
under these conditions was negligible.

Gewecke (16) discusses the digestion
of partially calcined clay (450° €} in
nitric acid of different concentrations.
He states that greater quantities of
Al,03 are dissolved under conditions of
higher temperature and pressure.

Sutyrin (17) studied the decomposition
of montmorillonite under conditions
equivalent to those used for the auto-
clave treatment of boehmite-kaolinite ma-
terials with 40-wt-pct 1NO3 in 200 wt pct
excess., After 2-h digestions at 180° C,
78 pct of the aluminum was dissolved from
the natural mineral and 81 pect after a
2-h heat treatment at 700° C.

Extraction of aluminum from raw kaolin
by H,S0, solutions at 150° to 170° C was
reported by Aglietti (18), who worked
with Teflon® tetrafluorcethylene (TFE)-
polymer—-coated 25-ml steel autoclaves.
Trends were established that parallel
Bureau findings using HCl. Tn contradic-
tion to Tilley's study, greater extrac—
tion was reported with higher concentra—
tions of H,50, (to 60 wt pect), 100 wt pet
excess at temperatures of 150° to 170° C,
and with digestion times exceeding 2 h.
A maximum Al,03 extraction of 90 pct was
obtained in 4 h at 150° ¢ and with a
H,80,-A1,05 molar ratio of 3 (100 wt pet
excess acid). Increasing the temperature
to 170° C increased extractions by 5 to
8 pct.

Leaching of uncalcined kaolin with
H,50, was reported by Oh (19). The best
concentrations of the acid for calcined
and uncalcined samples were 40 and 50
wt pct, respectively. The extraction
rate increased with an increase in leach-
ing temperature, and the  extraction
of alumina from uncalcined kaolin was 90
pct at 120° €, whereas extraction from

calcined kaolin was 90 pet at 100° C.
Aluminum extraction increased with in-
creasing leaching time up to 1 h.

Simplification of the clay~HCl process
flowsheet (2) by eliminating most of the
kaolin preparation steps and the energy-
intensive calcination operation may be
obtained by adoption of HClL pressure
leaching of aluminum from uncalcined kao-
lin. These changes probably would re-
quire the use of thickeners in the solid-
liquid separation circuit because of the
increase in fines produced in HCL pres-
sure leaching of raw kaolin (3-4).

FLUORIDE-ENHANCED LEACHING

The use of fluoride ion in the mineral
acid leaching of alumincsilicates to pro-
mote the extraction of aluminum by dis-
ruption of the crystal structure was rec—
ognized Dy a number of investigators.
Hamer (20) and Ripley (21), in their re-
spective papers on fluoride-assisted
leaching of anorthosite and fly ash, cite
Korean research (22) that used HCL leach-
ing with the addition of HF or CaF,.
Bremner (23) investigated CaF,, Na,SiFg,
and H,S8iFg as fluoride sources in the HCL
leaching of Wyoming anorthosite. Bel-
sky's patent (24) claimed that the addi-
tion of a small amount of H,5iF; to the
aqueous solution of HCL used for leaching
resulted 1iIn the destruction of the kao—
linite structure and high solubilization
of the aluminum. The exact mechanism was
complex, but it was claimed that 97 pct
of the aluminum in the ore may be ex~
tracted by means of HF enhancement., Far-
rell's method (25) for preparing solu-
tions from a range of mineral samples for
chemical analysis 1is not considered com~
mercially applicable, but the technique
demonstrates the dissolving power of a
HF-enhanced acid-leaching system.

EXPERIMENTAL

MATERIALS

With the exception of the
kaolin product,® the

air-floated
kaolinitic clays

SReference to
not imply
Mines.

does
Bureau of

specific products
endorsement by the

used were typical eastern Georgia kao-
lins. The Kaiser kaolin and the Bureau's
100-ton bulk sample were the same as

6s5upplied by the Thiele Kaolin Co. from
deposits and process
of the Ogeechee River,
Ga,

facilities east
Jefferson County,



those processed in the Bureau's alumina 12). Other trace impurities
from the kaolinite,

miniplant (23 gé). The 100-ton

was a representative cross section

erators in the Bureau's alumina miniplant
program considered the material

aluminum extraction processes. Analyses
of the three different batches of kaolin
used in experiments reported here
used by

given in table 3. The materials

sample

are leached
other clay minerals,

of a and the micas, which are slightly soluble
39-ft-thick kaolin bed. Industrial coop— in HCL

during prolonged
gestion or pressure leaching at

to be temperatures.
typical of abundant reserves of eastern Air classification
Georgia kaolin clays and suitable for grade filler—grade kaclin by separation

are uswally quartz and

the authors are referred to as standard

kaolin and air-fleated kaolin. The mate-—

kaolin was selected

is used

atmospheric di-

elevated

to up-—-

of the finer kaolinite particles from the
larger-grained gangue minerals, which are

mica. Air-floated
as a commercially

rial used in King's work 1is referred to optical

as Kaiser kaolin. Although the analyses The iron-stained
differ slightly, the Kaiser and the stan-—

dard kaolin are equivalent.
Kaolin contains swall amounts
eral dimpurities and diluents.

7The standard kaolin

was examined with

technigues and X-ray microprobe.

Most of oxide content. There
the iron oxide minerals’ are soluble in stained quartz grains,

hot HCL and are the primary source of were clear.

iroa in HCl pregnant liquors (2,

27, p.

kaclinite
ranged in color from
through pink

slightly

to almost brick
of min- only apparent difference was

particles
off white
red. The
the dron

were a few iron-

TABLE 3. - Chemical analysis of kaolinitic clay, percent1

but most grains

Component Kaolinite, f Kaolin?
Al,05°2510,+2H,0 | Air-floated3 | Standard | Kaiser
A1203:
0 S o= 39.49 35.87 35.22 34.96
Acid-soluble fraction.seveeeeass NAp (2.07) (1.08) ND
Fe,03:
Totalesseeearnansssesasesrananes NAp 1.35 1.17 .84
Acid-soluble fractioDeeeecieeses. NAp (.17) (.12) ND
CA0ennnnns e e NAp 011 116 .03
GO v eseernesesssasnenssasnsononnes NAp <.01 <.01 ND
Ky v eennsannnesnsranessnssonnnons NAp .064 .081 .13
I P NAp .027 .030 ND
MEO e e s v eenennsnesnsanaanserancenas Nap ND .108 43
MO0 4 s sneensnossonansonsasaaanses NAp L0047 .004 ND
T NAp .033 .033 .03
P05 e e e enannnnenensssneenetenaens NAp .059 059 051
Bi0jpsessssseacnensscosnenarronrannas 46.60 44,15 46.66 47,55
TH00 s e nnnnnsnesnssnsunsnasnrnaens NAp 3.37 2,41 2.31
Water loss on ignition:
AL 750° Cuevrvnnnnonsnsonsnsnnanns NAp 13.82 %12.81 %12.82
Theoretical,...ssessesvccssacnnae 13.91 NAp NAp NAp
TotAlesensensacsccnacsnsnnnas 100.00 98.77 98,71 99,15
pH of 20-wt-pect SlurTyeeeaesnanosrs ND 3.87 4.0 ND

NAp Not applicable. ND HNot determined.
l Yalues in parentheses not included in totals.

2Bone-dry basis.

3Thiele Kaolin Co. air—floated kaolin, grade EG-21 (NA TS 715).

%At 1,000° C.



available and purer product than the
standard kaolin. Concentrations of non—
kaolinitic minerals found in standard and
air-floated kaolin are given in table 4.
Typical distribution of the mninerals in
the plus and minus 200-mesh fractions of
standard kaolin is shown in table 5, The
ultimate particle size analyses of de-
liberately dispersed,8 air-floated, and

8Usually by means of a polyphosphate
dispersant in an aquecus slurry.

standard kaolin are listed in table 6.
Screen analysis of the ground standard
kaolin is shown in table 7,

EQUIPMENT

Atmospheric Leaching

King's research at or below the boiling
point (~115° C) was performed in borosil-
icate glass flasks fitted with
and reflux condensers (28).

stirrers

TABLE 4. - Typical nonkaolinitic mineral content in standard and air-flcated kaolin

Mineral

Level and comments

Standard kaolin

Air-floated kaolin!

Quartz, Sioztiiulal.....lll...l.nl.

Rutile, TiOjpuseeeeuuvnensnssnanssnsna

Anatase, TiOjseeennrescnrrrncnnrens

ZiI'COn, ZrSiOL}l.-..oooc-lcD..il‘oo-

Smectite (montmerillonite),
{Mg,Ca)0-ALl,05+5310,nH,0.

Muscovite,
KA1, (OH) o(A1Si3014) .

Iron, FegUzseesssnassssoncccsrncens

Organic carbon, Cevevesevsonarsneas

Graphite, Crtsnncnvsncnansssssnnass

to 0.5 wt pct as coarse
particles.

Predominant TiO, mineral,
especially below 325 mesh,
usually 1,6 to 2.4 wt pct.
Most anatase contains 10
wt pct iron.

0.2 to 0.5 wt pet in the
40-um range.

Highly wvariable, usually O
to 0.2 wt pect, mostly as
fine particles.

Variable, from O to 1
wt pct, usually as plus
325-mesh particles.

0.9 to 1.1 wt pct in the
kaolinite, as a mineral
and associated with
anatase, [In rare cases a
small amouat of pyrite is
observed as coarse parti-

cles and aggregates.

rim,

Trace amounts in clays with
a grey tint, finely dis-

with plus 2-pm—size
fraction.

Generally 2 to 5 wt pet and | Trace.
plus 200-mesh particles.
Mostly in the range of 0.l Trace.

1.6 to 2.4 wt pet.

Trace.

Highly variable,
usually 0 to 0.2
wt pet, mostly as
fine particles.

Trace.

0.9 to 1.1 wt pect
in the kaolinite,
ag a wineral rim,
and associated
with anatase. 1In
rare cases a small
amount of pyrite
is observed as
coarse particles
and aggregates,

Trace amounts in
clays with a grey

persed, rarely concen— tint.
trated in zones.
Trace, usually associated Trace.

lpir-floated kaolin, grade EG-21, Thiele Kaolin Co., Sandersville, GA.



TABLE 5. — Mineral grain count of
standard kaolin, particles per
100 particles!

Mineral 200-mesh fraction
Plus Minus
ClaySesseresnnssncanne 95 96
QUAYLZ e eonssneocnnenss 4-5 3-4
Feldsparesesaessansosns ND ND
Epidotesieeacrrieenvsnass <1 Trace
Opaque minerals:
PYriteeeesncascerses <1 Trace
Ilmeniteeeesesavsoas ND ND
Magnetite.sserssenen <1 Trace
Hornblende.sveesssesos Trace ND
PYyroRere.seseesosnness Trace ND
Rutileeeensrssenccanes ND ND
Staurclite?. .. iieeusse <1 ND
Urident—-silicateS..sas. <1 Trace

TABLE 7. — Screen analysis of ground,
standard kaolin used in HCl leaching
tests

Cunulative

Screen size,1 mesh percent finer

99.9
99.8
93.1
71.2
52.1
37.7

- T
R
Y
B5ssesensatserernsninnssnss
100csecassssssssascacnnnss

150 esesssoesansissasnonss

ND Not detected.

lpesults are specific for 1 sample, but
indicate general mineralogy.

21dentification uncertain.

TABLE 6. — Particle size analysis of
dispersed air-floated and standard
kaolinl

Cumulative
percent finer!

EBDevessaneansliMes | 1013 1 0.6 0.25

Air floated,? av
ESD of 40 pmeeeoo | 97 [ 91 82| 69 32
Standard,3 av ESD
of 38 UMesesssaas ) 9384 76 69 35

ESD Equivalent spherical particle
diameter,

lpetermined by SediGraph particle size
analyzer.

27ypical EG-21: screen residue plus 75
pum, 0.05 to 0.1 pct; plus 45 pm, 0.17 to
0.3 pet; finer than 2 pm, 86 to 92 pct.

33ee table 7.

The Bureau's atmospheric pressure
leaching was performed in a 4~L resin
kettle with baffles. A Chesapeake—style
stirrer and seal bearing was fitted with
a glass stirring rod and a TFE polymer
blade. " Stirring was powered by a high—
torque, feedback-type, constant-speed mo-—

tor. The other ports in the cover con-
tained a condenser, a thermometer well,
and an access port for <charging and

l7yler standard sieve.

sampling. A fiberglass—insulated heating
mantle with a silicon—contrelled reeti-

fier heated the 1lower section of the
flask.
Pressure Leaching
King's hydrothermal extractions were

conducted in 35-mL tantalum bombs that
were heated by insertion into an aluminum
block maintained at the desired temper—
ature. About 10 min was required to
heat the bombs to temperatures of 175° to
250° C.

A Berghof 750-mL-capacity TFE-polymer-
lined autoclave was used in experiments
performed by the Bureau. The practical
working volume of the autoclave was 400
mL. The autoclave, figure 1, had a type
316 stainless steel shell that contained
a molded TFE polymer liner and was rated
at 200 atm and 250° C. All internal
parts were made from or were covered with
TFE polymer. Agitation was provided by a
hollow impeller shaft that mounted up to
three impellers machined from TFE poly-
mer. Only the two lower impellers were
used. A thermocouple entered through
the hollow central fitting in the 1id.
Two other access ports were provided for
gas addition or release, pressure gauges,
and rupture disks, A pressure gauge was
used with a TFE-polymer-covered gauge

isolator.

Agitation was produced by a rotating
magnetic field operating on the rotor
through the nonmagnetic stainless steel

shell of the autoclave. The temperature
measured by the thermocouple 1inside the
impeller, which was in the center of the



Pressure gauge

Thermocouple

Manifold
Valve

Liquid sampie
extraction devic

Gas sample
extraction device

TFE-polymer O-ring Conical flange closure

Cap liner

Sample extraetion
ascending pipe

~ TFE-palymer coatad Ni-Cr-Mi

tharmosensor

Rotor

Stirrer wing 4
— Stirrer shafl

TFE-polymer liner

Pressure vessel

FIGURE 1. - Berghof TFE-polymer-lined autoclave.
(Courtesy of Berghof America, Inc. ).

plastic—lined autoclave, responded very
slowly to changes in the temperature of
the heating mantle. Countrolling the tem—
peratute with this thermocouple was dif-
ficult. TIwmproved operation was obtained
by exchanging the heating mantle for a
fluidized-bed heating bath with a sepa-
rate temperature control. The stirrer
motor and autoclave were suspended from
the ceiling. Cooling could be done slow-
ly by raising the reactor out of the flu-
idized bed, faster by spraying the walls
of the reactor with a water mist, or rap-—
idly by lowering the reactor into a tank
of cold water.

PROCEDURES

Atmospheric Leaching

King conducted his
below the boiling point in borosilicate
glass flasks fitted with stirrers and
reflux condensers., The acid was heated
to temperature before the kaolin was
added. The reaction wixtures were fil-
tered hot through sintered glass filters.

experiments at or

The residue was washed thoroughly and the
washings were combined with the main
filtrate.

Extended atmospheric pressure leaching
tests conducted by the Bureau with boil-
ing 20-wt-pct HCL were started by heating
2,880 g of 20-wt-pct HCl1 to boiling in
the resin kettle and adding 625 to 748 g
of kaolin. Reaction time was counted
from the beginning of the kaolin addition
and stirring was continuous. At specific
intervals, wusually multiples of 24 h,
slurry samples were aspirated from the
reaction vessel into 8-o0z centrifuge bot-
tles and cooled. The slurry was weighed,
then centrifuged to separate the solids.
The solids were repulped, washed three
times, centrifuged to remove wash water,
dried, and weighed. Chemical analyses
were made of the pregnant liquor and
washed residue.

Pressure Leaching

A typical charge in the 35-mL tantalum
bombs used in King's investigations con-
sisted of 6.6 g of kaolin and 22 g of
27-wt-pect HCl (~20 mL). About 10 min was

required to heat the charged bombs to
temperatures of 175° to 250° C. The
bombs were cooled rapidly by dimmersion
in cold water at the completion of the
experiments. The contents were washed
into weighed sintered-glass filtering
crucibles with hot distilled water. The

total wash volume was about five times
the reaction mixture volume. Washed res—
idues were dried overaight at 100° C and
weighed,

For a Berghof autoclave run, about half
the required quantity of 20-wt-pet HCL
was poured into the removable reactor
liner and the measured quantity of raw
kaclin, which was dried at 125° C, was
added. These were mixed by manually
swirling the liner until the solids were
slurried, and the walls were washed with
the remaining acid. The agitator was in-
serted and blunged a few times to mix the
wall washings and the main slurry. After
installation of the liner in the auto-
clave body, the agitator was tested with
the open autoclave mounted in the stirrer
motor stator. The autoclave was sealed



and suspended in the fluidized sand bed
and agitation was started.

Temperature changes were monitored with
a digital meter and were recorded with
an analog recorder. A typical recordex
trace is illustrated in figure 2. At the
end of the prescribed time, the reactor
was removed from the fluidized bed and
cooled in a small tank of cold water.
Cooling was most rapid when the stirrer
was left operating. After it was cooled
to room temperature, the reactor was
opened and the liner removed.

Equal portions of slurry from the reac—
tor were placed in bottles, centrifuged
for 30 min, and the liquor decanted for
measuring the weight and density and
for chemical analysis. The solids were
repulp-washed three times with acidified
distilled water and finally with dis-
tilled water. Acidification of the wash
water prevented peptization of undigested

kaclin or finely divided residues and
hydrolysis of the AlCly. After each re-
pulping, the bottles were centrifuged.

The washed residues were dried overnight
at 125° ¢, weighed, and sampled.

Analytical Methods

With the exception of solution densi-
ties and loss on ignition determina—
tions, analytical data were obtained by
inductively  coupled plasma  emissicn
spectroscopy (ICP). Solid samples, ei-
ther kaolin or leach residues, were solu-
bilized for ICP by the following method:

Solids were dried at 125° C and pul-

verized; a 0.2-g sample was mixed
with 1.4 g of LiBO» and fused for
15 min at 900° ¢ in a 5-pet-gold,

TEXPIRATURE, 2 ¢

25 L 1 L . J

0 10 70 an 40 50 1)

TriE, min

FIGURE 2. . Heating curve for TFE-pofymer-

lined autoclave with fluidized-bed heater.

95-pct-platioum crucible. The re-
resulting glass bead was dissolved
with stirring in 250 mL of 4-wt-pct
HNO3 at about 40° C. A National Bu-
reau of Standards clay sample, stan—
dard reference material SRM 97a, was
included in each series of solid sam-
ples as a control.
Acid-soluble alumina and iron contents
were determined by a 2-h bench-scale
leaching procedure under reflux coadi-
tions and with excess 20-wt-pct HCL.
King's (28) pregnant liquors, which
contained AICly, HCl, FeClz, and other
chlorides, were analyzed for aluminum by
the Watts—-Utley method (29) using sodium
gluconate to complex iron and aluminum.
Iron was determined separately (the total
iron content was assumed to be present
as chloride) and subtracted from the com—
bined aluminum and iron analysis to ob-
tain the aluminum analysis. L1f CaCl, and
MgCl, were high, this method gave supe-
rior results to methods in which iron was
removed by precipitation as a hydrous
oxide.

RESULTS AND DISCUSSION

ATMOSPHERIC LEACHING

Leaching uncalcined kaolin with HCL at
the atmospheric bhoiling point for short
periods of time gave poor results. The
Bureau obtained 9.7-pct alumina extrac—
tion from air-floated kaolin with 20-
wt=pct HCL in 2 h at Boulder City, WV
(2,500-ft elevation). King reported 40.9
pct  egxtraction with 27-wt-pct HCL 1in

2.5 h.? The Bureau investigated longer
leaching times and used both standard
and air—-floated kaolins with 20-wt-pct
HCL and acid stoichiometry ratios that
ranged from 0.83 to 1.24, Alumina ex-—

tractions dincreased to more than 92 pct
in 48 h and in one test to 98.6 pet in
JKaiser Aluminum & Chemical Corp.,

Pleasanton, CA (about 200-ft elevation).
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142 h, Figure 3 and tables 8 and 9 show
that excess acid improved the extraction

of alumina. The wuse of HCl equivalent
to the acid-consuming conpounds present
showed a consistently lower extraction
than the 1.20 steoichiometric test. King
reported one test (table 10} run below
the boiling temperature at 100° C in
which 96.2 pet of the alumina was ex-

tracted in [20 h using 27-wt-pct HCL.
King established the utility of us-
ing fluoride dions when leaching with
27-wt-pct  HC1 at lower temperatures
(115° C¢). The addition of 0.07 wt pct
F~ to 20-wt-pct excess HCL extracted 74
pet of the alumina in 6 h and 95 pct in
24 h (table 10). Increasing the fluoride
content in the leaching solution to 0.27
wt pect increased the extraction to 87.6
pet in 6 h and 97.4 pet in 17 h., This
confirms the vulnerability of the kaolin-
ite structure to longer digestion time
with stronger acid and enhanced attack on
the silica~alumina bond by fluoride ion.

PRESSURE LEACHING

Effect of Temperature

Air—-floated kaolin was leached for 2 h
at 125° to 225° ¢ with 20-wt—-pet HC1.
The authors selected 20-wt—-pct HC1 solu-—
tions, rather than the 27-wt-pct concen—
tration used by King, because of kaolin
sugpension dilution requirements imposed

100
90 ]
80 [ —
o
[=3
o
(i}
=
Q
z
£ 70 |
F
w
-t
=
=
]
—
< KEY
60 — —
Temperalture 1080-11000 (atmospheric boiling)
20-wit-pet HCI
Kaolin HCI steichiometric ratio
50+ 2 Air floated 033 -—-‘
0 Ak floated 124
¢ Standard 1.00
A Standard 1.20
40 ] | | A i
0 25 50 75 100 125 150
TIME. h
FIGURE 3. - Alumina extraction versus time for
atmospheric pressure leaching of kaolin,
by the Berghof autoclave stirring mecha-

nism rather than by process chemistry.
The results of the tests are given in ta-
ble 11 and are plotted in figure 4, and
show that aluminum extraction increases
with temperature and with the acid
stoichiometry. More than 90 pct of the

TABLE 8. — Effect of stoichiometry and time on atmospheric leaching of alumina
from air-floated kaolin with 20-wt-pct HCl, and analysis of pregnant liquors

and residues

Al 504 Pregnant liquor Residue, pct
Stoichi- | Time, | extracted, | Al503, | Fe,03, ! Free | Density,
ometty! h pet pct pet | HCL, | 20° C, | Al,04 | Fe,03| S10, | Ti0,
pct g/mL
0.83.... 8 47.2 5.9 | 0.13 6.98 1.177 25.6 | 0.64 | 59,8 3.2
24 72.5 8.7 .19 1.09 ND 15.7 48 | 70011 3.9
48 76.8 9.6 .21 .12 1.236 13.8 A5 1 72.9 4.1
96 77.0 10.3 .23 00| 1.264 £3.5 48 | 82.2 | 4.1
1.24.... 8 48,2 3.9 .078 ND | 1.155 24,9 .65 | 59,2 ) 3.3
24 82.7 6.7 +14 ND | 1.202 10.6 36 | 75.7 | 4.3
48 93.4 8.3 .18 NO | 1.239 4,46 .22 | 82.6 | 4.7
96 97.4 10.2 .23 2.03 | 1.282 1.82 17 | 81.3 4.8
ND HNot determined.
lRatio of quantity of HCL wused to quantity of HCl required to react with total

Al,03 and other acid-scluble components in the kaclin.
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TABLE 9. — Effect of stoichiometry and time on atmospheric leaching of alumina
from standard kaolin with 20-wt-pct HCl, and analysis of pregnant liquors
and residues

Time,]__ Al504 Pregnant liquor? Residue, pct
Stoichiometry! h extracted, | _ pct ppm AL,05 | Fe,04t 810, | Ti0,
p(‘.t A]_Zo?' F8703 Si02 TiOQ

1.00.siennnsas 24 76.6 7.3 0.21 <30 74 13.3 0.48 75.6 | 4.1
48 89.2 8.7 «25 730 31 6.76 .31 83.2 ND
72 92.6 9.0 27 98 <4 4,76 .27 85.4 ND
96 93.2 11.5 .36 59 <5 h,41 .28 85.1 ND

1.2000ieneesee 24 79.6 8.0 23 950 190 11.8 .43 76.51 4.2
43 91.6 8.2 .23 540 120 5.31 .27 84.0 | 4,6
72 95.9 8.1 .23 500 82 2.76 .20 87.9 1 4.9
96 97.6 3.1 24 520 64 1.55 A7 86.1 | 5.0
142 98.6 8.8 | .26 <30 56 .94 .15 90.5 | 5.0

ND HNot determined.

lRatjo of quantity of HCl used to quantity of HCl required to react with total
Al,03 and other acid-soluble components in the kaolin.

2Values for 1liquor densities were very similar to values obtained in experiments
with atmospheric leaching of air-floated kaolin (table 8).

TABLE 10, — Extraction of alumina from the alumina at 150° C. Increasing the
Kaiser kaolin (table 3) with 20- and acid available to 105 and 120 pct of the
27-wt-pct HCl at temperatures from theoretical amount increased the alumina

100° to 150° €, with and without NaF
additions, using 20 wt pct excess
acid (28)

_ﬂ-Experimental conditions |
Temper— Liquor Al,0q ex-
ature, Time, composition, traction,
°C h wL pet wt pet
"JC1[NaF as F-
100.... | 120 27 0.0 96.2
115k, 6 27 .07 74.0 5
24 27 .07 95.2 5
6 27 27 87.6 e
17 27 27 97.4 £
2.5 | 27 .0 40.9 &
6 27 .0 73.9 z
1502.., 1 27 .0 89.1 E
1 20 .0 89.0 ke
2.25| 20 .0 95,7 - _ _ ]
1Boiling. & Mo
2pressure leaching. & Digestian time. 2 h
HCI stoichiometric ratio
alumina was extracted in 2 h at »150° C 40P ° oo i
if sufficient HClI was present, A stoi- e & 1.20
chiometric ratio of 0.80 gave approxi-
mately 80 to 84 pct alumina extraction at s o - s 225
175° to 225° C. Increasing the leaching .
acid to 100 pct of the theoretical acid TEMPERATURE, "G
required for the acid-consuming elements FIGURE 4. - Effect of temperature on pressure

in the kaolin extracted only 90 pct of leaching of alumina from air-fleated kaolin,
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TABLE 11, — Effect of stoichiometry and temperature of 20-wt-pet HC1 on 2-h
pressure leaching of alumina from air-floated kaolin, and analysis of

pregnant liquors and residues

2

Al 503 ex-— Analysis,“ pct _
Test | Stoichi-|Temp,|traction, Pregnant liquor? Residue
ometryl | °C pct Al,03 | Fe,03 | Free | Density,|Al,03 | Fe,03 Si0, | TiO,
HC1 g/mL
l... 0.8 *108 3.8 1.9 | 0.074 ND | 1,128 [34.1 | 0.83 } 46.51 2,6
2eva +8 125 49.2 5.0 11 | 4.88 | 1.139 |24.4 .63 | 59.0 3.3
3e0n .8 150 75.0 7.3 .15 ND | l.164 |13.5 A5 | 66.6 0 3.9
beos .8 175 80.4 7.5 .16 ND | 1.167 I1.2 .35 1 70.81 4.2
Sens .8 200 82.3 7.1 .15 ND | 1.170 |10.9 62 | 75,2 4.3
O0.eo .8 225 83.9 5.8 .15 09| 1.154 9.91 57 | 76.4 1 4,3
Tove 1.0 125 56.2 5.5 A2 1 7.83 0 1.172 1 22.8 L0 ) 8411 3,6
8... 1.0 145 84.9 7.5 .16 ND | 1.195 8.55 .31 | 9.5 4.2
9... 1.0 150 89.8 8.2 17 ND | 1.212 6.80 .28 | 81.8| 4.8
10.. 1.0 175 95.1 8.5 .19 A6 L 1.217 3.28 19 1 83.57 4.9
11.. 1.0 200 97.6 8.6 .19 ND | l.217 1.65 15 | 85.5( 5.2
12.. 1.05 150 92.9 7.9 .17 ND | 1.209 4,62 .22 ] 79.8 4.8
13.. 1.2 125 39.0 3.4 077 ND ND 27.2 68 | 55.0] 3.0
l4., 1.2 135 77 .4 6.1 .13 ND 1.177 13.5 .39 73.4 1 4,1
15.. 1.2 150 95.3 6.5 14 | 3.93 1.193 2.92 A7 1 77.8 | 4.5
164, 1.2 175 93.8 7.3 .16 ND | 1.196 .86 .14 | 85.3] 5,1
17.. 1.2 200 98.8 7.3 .16 | 3.38 1 1.197 .81 12 185.37 5.0
18.. 1.2 225 99.1 6.5 14 ND | 1.190 .6l| .12 | 87.4] 5.0
ND Not determined.

lRatio of guantity of HC1 wused to quantity of HCl required to react with total

Al503 and other acid-soluble components in the kaolin.

ZAverages of several tests conducted under the conditions given.
35102 content of liquors from tests 1, 2, and 13 was less than 30 ppm.

l+Atmospheric pressure,

extraction to 93 and 95 pet, respective-
ly. Ninety-nine percent extractions for
the 175° and 200° C tests with 1,20 HCL
stoichiometric ratios indicate that ex—
cess acid 1is necessary. King obtained
similar data. Tests performed at 150° C
with 20-wt-pct HCLl at 1.20 stoichiometric
ratio required about 2,3 h to extract
96 pect of the alumina (table 10).

A scale formed on the walls of the TFE-
polymer liner when low stoichiometric ra—
tio leaches were carried out at 200° to
225° C. Test 6 (table 11) was run for 2
h at 225° C and 0.8 HCl stoichiometry and
produced scale that was 1 to 2 mm thick.
Analysis of the scale, which was ground
but not washed, was 532.4 pct Al,03, 29

pcet Fesd3z, 0,91 pet TiDs,, and 15,2 pet
5105, compared with 11.0, 0.32, 4,4, and
71.9 pct, respectively, for the residue.
The material contained some chloride be-

cause it was not washed., ¥-ray analy-
sis dndicated the existence of unknown
crystalline materials, which had 1lines
at d spacings of 2.18, 11.8, 5.9, 3.40,

3.98, and 2.93 A. Dilution of the slurry
with water decreased the quantity of
scale formed. The scale 1is the decompo-
sition product of AlClz. Krishnan and
Bartlett (30) produced boehmite from
AlCly solutions by heating to 200° C or
more, but found that the presence of free
HC1 in the feed solution decreased the
conversion.



Ef fect of Time

Digestion time was investigated to de-
fine the minimum retention time for maxi-
mum extraction of aluminum at a minimum
effective temperature and pressure. Air-
floated kaolin was leached with 20-wt-pct

HCL at 175° and 200° C for periods of
15 min to 2 h., Test data are plotted in
figure 5 and are given in table 12 (as

averages where more than one Lest was run
at a given condition). More than 90 pct
of the alumina was extracted in most
tests that had leaching times of 30 min,
and all curves showed an increase in ex-—
traction with time, Significant differ-
ences in the slopes of curves are related
to the HCL steichiometric ratio. In
tests with a stolchiometric ratio equal
to or greater than 1.20, 98 to 99 pct of
the alumina was extracted in 60 nin.
Little alumina was extracted after 60 min
for tests conducted with a stoichiometric
ratio of 1.20. Analysis of the data in
table 12 indicates that increasing HCl
stoichiometry from 1.00 to 1.20 dis more
effective 1In improving extraction than
increasing leaching temperature from 175°
to 200° C, or digestion time from 30 to
60 min, or both.

100
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o
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= 90 —
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2 KEY
= &)
3 Q Air-floated kaalin
= 20-wt.pet HCI
o Temperalure,°C HGI sioichiometric ratio
Q 175 1.00
o 175 1.20
fa 200 1.00
80 [ 200 | 1.20
ol 30 60 80 120

TIME, min

FIGURE 5. - Effect of time and HC1 stoichiometry
on pressure leaching of elumina fromair-floated kaoo-
lin at 175%and 200° C.

13

For standard kaolin, data from a simi-
lar series of tests are given in table 13

and are plotted in figure 6. Although
the cutrves have different shapes, the
features are sgimilar, High extractions

occurred in 1 h with a 1,20 HCl stoichio-
metric ratio at both 175% and 200° C.
With a stoichiometry of 1.00, a 92-pct
extraction was obtained 1in 60 min at
175° C and in 15 min at 200° C, and Al,0;
extraction continued after 2 h at either
temperature,

King's Hydrothermal Digestion of Kaolin

Experimental conditions and results for
hydrothermal digestion of XKaiser kaolin
using a simulated recycle HC1 solution
containing AlCl, and other salts, such as
NaCl, CaCl,, and MgCl,, H4PO,, and H,S0,,
are shown in table l4. The composition
of the recycle acid solution was similar
to that expected in a clay-HCl alumina
plant (7). The effect of digestion time
on the extraction efficiency was also de-
termined. Leaching with 27-wt-pct HCl in
a simulated plant recycle leaching solu-
tion showed a leveling off of the alumina

extraction at 94 to 96 pct after 30 min
(fig. 7). King (28) reported that the
100 ——
G
[=1
o
5]
i~
%)
-,
E
VR I
(1]
E_ KEY
_5: Standard kaolin
S 20-wt-pct HCH
Temgerature, °C HCI stgichiometric ratio
o] 175 1.00
o 175 1.20
) 200 1.00
o 200 1.20
B0 : L 1 i
Q 30 [sls3 a0 120
TIME, min

FIGURE 6. - Effect of time and HCI stoichiometry
on pressure leaching of alumina from standard kaolin

at 175° and 200° C.
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TABLE 12, - Effect of steoichiometry, temperature, and time on 20-wt-pct HCl pressure leaching
of aluminaz from air-floated kaolin, and analysis of pregnant liquors and residues

Al,0y ex- Analysis,? pet
Test Stoichi- | Tenp, | Time, | traction, Pregnant liquor Residue
omatryl °c min pet Al,03 | Fe,03 | Free | Density, | Al 03| Feo03] $10,] Ti0,
HC1 g/mL
23... 1.00 175 15 85.3 7.9 [ 0.18 { 2,42 1.206 9.42 1 0.33 | 78.81 4.6
1.00 175 30 89.6 8.2 J18 | 1.30( 1.210 6.86 L27 | 8147 1 4.7
25... 1.00 175 60 91.3 8.4 .20 941 1.213 5.84 .25 | 83,1 4.8
2644 1.00 175 120 95.1 8.5 .19 A6 1,217 3.28 .19 | 83.5( 4.9
2744 1,00 200 15 87.3 8.0 .17 ND ND 8.31 .29 80.6 4.7
28... 1.00 200 30 91.2 8.3 .18 ND | 1.215 5.77 24 [ 80.71 4.8
29..4 L.00 200 60 94.0 8.6 .19 ND | l.217 4.18 +23 | 85.1 [ 5.0
30... 1.00 200 120 97.6 8.6 .19 ND | 1.217 1.65 .19 | 85.3] 5.2
31... 1.20 175 15 80.2 7.4 .16 ND| 1.189 7.05 .26 | 82.1 ) 4.7
32440 1.20 175 30 94.1 7.3 16 ND | 1.193 4,05 20 | 83.7 | 4.8
33... 1.20 175 60 97.8 7.5 .17 ND 1.196 1.58 .16 88.11] 5.1
34.., 1.24 175 120 98.8 7.3 .16 ND| 1.196 .86 14 1 85.31 5.1
35... 1.20 200 15 95.7 7.5 .16 ND | 1.197 3.03 .15 | 87.5] 5.0
364a. 1.20 200 30 97.9 7.3 .16 ND 1.197 1.49 04 88.01 5.1
37... 1.20 200 60 99.1 7.5 .17 NI ND W64 .12 | 90.3| 5.3
38... 1.24 200 120 98.8 7.3 16 [ 3.38] 1.197 .81 L2 | 85.3] 5.0
3%... 1.24 225 120 99.1 6.5 .14 ND| 1.190 .61 .12 | 87.4( 5.0

ND Not determined.

lRatic of quantity

acid—-soluble components in the kaolin.
?1each liquors from tests 35 through 37 analyzed 45, 28, and 28 ppm Ti0,,

ppm 85i02.

of HCL used to quantity HCLl required

to react with total Al,03 and other

and 130, 30, and 30

TABLE 13. - Bffect of stoichiometry, temperature, and time on Z0-wt-pet HCl pressure leaching of
alumina from standard kaolin, and analysis of pregunant liquors and residues

Analysis
Stoichi- | Temp, | Time, | Al,03 ex— Pregnant liquor Residue,? pct
Test | ometry!l °C min ;| traction, pct ppm [Density,3
pet A1,05 | Feply | Free | 510,|T10, | g/ul Al,03 | Fe 03] $10, ]| Ti0,
HCL
livas 1.00 175 15 79.8 7.0 0.20 ND [ <30 |64 1.192 11.9 0.44 78.2 4.3
2iiaa 1.00 175 30 88.4 7.6 .22 ND | 47 |22 1.2006 7.31 .33 1 83.4] 4.6
Jaeun 1.00 i75 60 92.4 8.1 .23 ND | 190 |16 1.210 4.93 W27 85.81 4.8
[/ S, 1.00 175 120 97.4 8.3 .23 | 0,88 100 | 8.1 1.216 1.71 W17 86.3 | 4.7
Seene 1.00 200 15 91,7 7.9 .23 ND | 30 |12 1.183 5.36 .28 85.6 | 4.7
Baess 1,00 200 60 96.9 8.2 .23 ND | 47 |<4 1.189 2.11 .20 | 88.6 | 4.9
Taees 1.00 200 120 98.0 8.4 .25 .64 92 |13 1.218 1.31 .18 85.7 | 4.9
8ovu. 1.20 175 15 89.3 6.7 .19 ND | 880 [170 1.1%0 6.77 .31 83.5} 4.5
Guenn 1.20 175 37 95.5 6.8 .19 ND | 250 72 1.191 Z,98 W27 88.3 | 4.8
10... 1.20 175 64 95.3 7.1 .20 ND | 200 30 1.192 3.18 .21 89.8 | 5.0
1l... 1.26 175 12¢ 99.8 7.0 J20 1 3.98 ] 140 | 48 1.193% .13 W12 91.9 ¢ 5.0
12... 1.20 200 15 97.7 7.1 .20 ND | <30 47 1.195 1.59 .17 89.6 | 4.9
13... 1.20Q 200 3¢ 98.4 7.5 .21 ND | 330 51 1.197 1.09 .15 89.9 4.9
l4... 1.20 200 a0 99.13 7.2 .20 ND | <30 37 1.198 49 .13 90.7 ] 5.0
15... 1.24 200 120 99,8 7.2 W21 3.79 1 <30 | 44 1.194 .14 W11 91.2 | 4.9
ND ot determined.
lRatio of quantity of HCl wused to quantity of HCl required to react with total Al,053 and other acid-

soluble components in the kaolin,
Dried at 125° C.
$20° ¢,
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FIGURE 7. - Effect of time and temperature on

pressure leaching of alumina from Kaiser kaolin.

presence of impurities in the 27-wt-pct
HCl did not, within the estimated experi-
mental error (*0.5 pet), have an effect
of extraction efficiency at 200° C. For
hydrothermal digestions equal to or ex-
ceeding 30 min, there was no advantage of
200° over 175° C,

Most of the HCl leaching research re-—
ported by King (tables 10, 14-16) was
made with a 20-wt—-pct excess of 27-wt-pet
HCl solution. This choice was based on
calculations to provide the maximum con-
centration of AlCl;-6H,0 in the pregnant
liquor while remaining below the AlCl,
*6H,0 saturation point (31-32). Higher
BCl concentrations would cause the pre-
cipitation of AlCig+6H,0 in the leach-
ing slurry, which would lead to scal-
ing and blinding of the filters, Lower
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TABLE 14. — Effect of residence time on
hydrotnermal extraction of alumina
from Kalser kaolin with simulated
recycle acid from the clay-HC1
process at 175° and 200° C (28)

Conditions? Al,04
Experiment Temp, | Time, | extraction,

°C min pct

Oeeevennonnnes| 175 20 34,5
I0eiienencanasn 175 10 81.1
Ileesecenananas 175 20 90.7
12eiuvecassnns 175 30 94,3
I3 cieennansas 175 60 96.4
14esiiaannness | 200 20 78.6
19cieaaencsnne 200 10 92.7
10ciearanaaces 200 21 93.8
17 ceanansanans 200 30 94.9
18e.iiaanecnnee 200 60 95.8

1A11 reaction mixtures consisted of
6.60 g Kaiser kaolin (table 3) and 22.0 g

of simulated recycle from the clay-HCl
process containing, ino percent, AlClg,
2.67; CcCaCl,, 0.04; HCL, 27.0; H3PO,,
0.099; H,80,, 0.105; KCl, 0.110; MgCl,,

0.158; NaCl, G.052.

1.161 at 20° C.
2Heated to digestion temperature during

10-min period and immediately cooled.

Specific gravity was

concentrations would require evapora-
tion. Using a double extraction did not
improve the filtration characteristics of
the residue, There was only a slight in-
crease in parvrticle densification measured
by a decrease in the specific surface of
the residues reported in table 15.

King extended the leaching temperature
to 250° C and used 27-wt-pct-HCL leaching
acid in 10 wt pct excess with and without
added HF (table 158). Digestion under
these extreme conditions for 30 and &0
min did not exceed the amount of alumina
extracted at 175° and 200° C for the same
times without the fluoride ion (table
14). In two experiments, TF~ was delete—
rious to the filtering properties of the
leached residue (table 16).

SUMMARY AND CONCLUSLONS

Alumina was leached from uncalcined
kaolinitie clay by 20~wt-pct-HCl solu—
tions at digestion temperatures that

with boiling HC1

ranged from 108° to 225° C. 1In the pres-—
ence of excess acid, atmospheric leaching
extracted more than
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TABLE 15. - Effect of stoichiometry, temperature, and time on hydrothermal
extraction of alumina from Kaiser kaolin with 27-wt-pct HCl (28)

Ex- Conditions! Residue| Al,0, Ex- Conditions! Residue| AL,O;
peri— | Stoi- | Temp,|Time,|surface|extrac- peri- i Stoi- |Temp,|Time,|surface|extrac-
ment chiom—{ °C min | area, tion, ment | chiom—y| °C min | area, tion,

etry? mé/g |wt pet etry? m2/g |wt pect
Lo 1.1 200 | 35 73 93.8 Seean l.4 200 | 60 63 96.8
2Ziees 1.2 200 | 30 77 94.3 Besas 1.1 3250 | 30 57 94,1
3u...1 1.2 200 | 60 67 96.4 Jewas| 1.1 )3250 | 60 56 96.2
buvan l.4 200 | 30 63 95,1 Berna 3NR 200 | 30 52 422.9

NR Not reported.

1A11 extractions made in 35-mL tantalum bombs. Residues averaged 53 pct of raw
kaolin feed weight.

2Ratio of quantity of HCl wused to quantity of HCl required to react with total
AlgOg and other acid-soluble components in the kaolin.

Pressure equaled approximately 900 psia (33).

“pried residue from experiment 6 releached to investigate possible improvement in
filtration characteristics. Values calculated by authors; 19 times as much acid
present as required. Overall alumina extraction was 95.5 pct.

TABLE 16, — Effect of F~™ ion addition on the hydrothermal extraction
of alumina from Kaiser kaolin with 27-wt-pct HCl at 250° C (g§)

Reactants,! g Conditions Residue? T__ Al,04
Experiment Kacolin | HCL ur Time, Bomb wall surface area, | extraction,

min material wl/g pct
Bessosntnsannns 6.35 20.0 | 0.0 30 Tantalum..... 57 94.1
T eesoaasssnans 6.55 20.0 .0 60 eeedOriviriaa 56 96.2
19 eereennanes 6.55 20.0 .116 30 Teflon3d,..... 76 91.8
200 escesnsanas 6.55 20.0 116 60 eeedo3 i, 62 93.9
2l eeccccnnsnas 2.62 8.0 232 30 Pyrex,.ceesse 61 94,6
22 catrsrnnnna 2.62 8.0 232 40 P o PP 59 95.4

lKaiser kaolin (table 3), 27-wt—pct HCl in 10 wt pct excess of that required to re—
act with available alumina, auad 49.2-wt-pct HF, Bomb heat-up time assumed to be
10 min to reach 250° C.

ZResidues from experiments 21 and 22 were gellike and filtered slowly. Releaching
of residue from experiment 6 did not significantly improve filtration characteristics
(see experiment 8, table 15). The weight of dried, acid-leached residues ranged from
52.9 to 53.7 pct of the weight of kaolin,

3TFE-polymer liners were slightly permeable to HCl at 250° C.

92 pet of the alumina in 48 h and 97 pet 27-wt-pct HCL to simulate a plant recycle

in 96 h., An excess of acid was neces- leaching solution and found uno change
sary to achieve satisfactory leaching ef- in aluminum extraction. King's data al-
ficiencies and to accelerate leaching so indicated that 175° C is a satisfac-
rates. tory design temperature for a raw kaolin

King (28) reported comparable results pressure leaching process. The addition
on a similar Georgia kaolin at 100° of 0.27 wt pct fluoride ion to the 27-
to 250° C, Simce his autoclaves were  wt-pct HCl leaching solution increased
small, he was able to employ 27-wt-pct the leaching rate at 115° C, but at
HCl, which produced almost saturated 250° C, the effect on leaching was incon-
AlCly solutions. King evaluated a leach- clusive and the siliceous residues were
ing solution containing NaCl, KCl, MgCl,, gellike and filtered slowly.

CaCl,, H,S0,, and HRPO, impurities in



Pressure leaching uncalcined kaolin
with excess 20—-wt-pct HCl at temperatures
that ranged from 150° to 225° C resulted
in alumina extractions greater than 90
pet, and digestion periods were 2 h or
less. By using a HCl stoichiometry ratio
of 1.20, a retention time of 15 min was
required at 175° C to leach mwmore than
90 pect of the alumina. At 200° C, 95 pet
of the alumina was extracted in the same

17

indicate a choice bhe-
at 200° C or a

time, These data
tween a faster reaction
slower reaction at a lower pressure at
175° € (33). Two samples of typical
eastern Georgia kaolins, a representative
bulk sample from a 39-ft-thick kaolin
bed, and an air-floated filter-grade
kaolin, gave similar alumina leaching
characteristics.
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