Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2644671 C 2014/05/20

(11)(21) 2 644 671

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2007/02/28

(87) Date publication PCT/PCT Publication Date: 200//09/07
(45) Date de délivrance/lssue Date: 2014/05/20

(85) Entree phase nationale/National Entry: 2008/08/25

(86) N° demande PCT/PCT Application No.: EP 2007/051899
(87) N° publication PCT/PCT Publication No.: 200//099119
(30) Priorité/Priority: 2006/03/01 (EP06110545.8)

51) Cl.Int./Int.Cl. C22B 3/04(2006.01),
C22B 3/08(2006.01), C226 3/76 (2006.01),
CZ2B 15/00(2006.01)

(72) Inventeurs/Inventors:
HEIDENFELDER, THOMAS, DE;
WITTELER, HELMU', DE:
LAUBUSCH BERND, DE;
S__LIVIANN-_GG_BERT ANS-PETER, D

(73) Proprietaire/Owner:
BASF SE, DE

(74) Agent: ROBIC

(54) Titre : PROCEDE DE DISSOLUTION ACIDE DE COMPOSES QUI CONTIENNENT DES METAUX
(54) Title: PROCESS FOR THE ACID DIGESTION OF METAL-CONTAINING COMPOUNDS

(57) Abrégée/Abstract:

The present invention relates to a process for the acid digestion of metal-containing compounds by leaching by means of an
agueous leachant, wherein the aqueous leachant 1) contains an alkanesulphonic acid and, If appropriate, sulphuric acid and/or
surfactant and/or i) a mixture of an alkanesulphonic acid salt and sulphuric acid and also, If appropriate, surfactant. Furthermore,
an agueous leachant containing one or more alkanesulphonic acids and, If appropriate, sulphuric acid and/or surfactant and also
an agueous leachant containing one or more alkanesulphonic acid salts and sulphuric acid and, If appropriate, surfactant are also

provided by the present invention.

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~




w0 2007/099119 A1 I D0 DA AR R AL 0

CA 02644671 2008-08-25

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veroffentlichungsdatum

7. September 2007 (07.09.2007)

(51) Internationale Patentklassifikation:
C22B 3/00 (2006.01) C22B 15/00 (2006.01)

(21) Internationales Aktenzeichen: PCT/EP2007/051899

(22) Internationales Anmeldedatum:
28. Februar 2007 (28.02.2007)

(25) Einreichungssprache: Deutsch

(26) Verolfentlichungssprache: Deutsch

(30) Angaben zur Prioritat:

06110545.8 1. Marz 2006 (01.03.2006) EP

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme

von US): BASF AKTIENGESELLSCHAFT [DE/DE];
67056 Ludwigshafen (DE).

(72)
(75)

Erfinder; und

Erfinder/Anmelder (rnur fiir US): HEIDEN-
FELDER, Thomas [DE/DE]; Im Brithl 60, 67125
Dannstadt-Schauernheim (DE). WITTELER, Helmut
[DE/DE]; Im H6hnhausen 16, 67157 Wachenheim (DE).
LAUBUSCH, Bernd [DE/DE]; Bahnhofstr. 8, 68642
Biirstadt (DE).

(74) Anwalt: ISENBRUCK, Giinter; ISENBRUCK BOSL
HORSCHLER WICHMANN HUHN, Theodor-Heuss-An-

lage 12, 68165 Mannheim (DE).

(10) Internationale Veroffentlichungsnummer

WO 2007/099119 Al

(81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare nationale Schutzrechtsart): AE, AG, AL,
AM, AT, AU, AZ,BA, BB, BG,BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare regionale Schutzrechtsart): ARIPO (BW,
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), eurasisches (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, I, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC,
NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Veroflentlicht:
mit internationalem Recherchenbericht

Zur Erkldrung der Zweibuchstaben-Codes und der anderen Ab-
kiirzungen wird auf die Erkldrungen ("Guidance Notes on Co-
des and Abbreviations") am Anfang jeder reguldren Ausgabe der
PCT-Gazette verwiesen.

(54) Title: PROCESS FOR THE ACID DIGESTION OF METAL-CONTAINING COMPOUNDS

(54) Bezeichnung: VERFAHREN ZUM SAUREN AUFSCHLUSS VON METALLHALTIGEN VERBINDUNGEN

(57) Abstract: The present invention relates to a process for the acid digestion of metal-containing compounds by leaching by
means of an aqueous leachant, wherein the aqueous leachant 1) contains an alkanesulphonic acid and, if appropriate, sulphuric acid
and/or surfactant and/or i1) a mixture of an alkanesulphonic acid salt and sulphuric acid and also, if appropriate, surfactant. Further-
more, an aqueous leachant containing one or more alkanesulphonic acids and, if appropriate, sulphuric acid and/or surfactant and
also an aqueous leachant containing one or more alkanesulphonic acid salts and sulphuric acid and, if appropriate, surfactant are also

provided by the present invention.

(57) Zusammenfassung: Die vorliegende Erfindung betrifft ein Verfahren zum sauren Aufschluss von metallhaltigen Verbindun-
gen durch Laugung mittels eines wassrigen Laugungsmittels, wobei das wissrige Laugungsmittel 1) eine Alkansulfonsdure und
gegebenenfalls Schwefelsdure und/oder Tensid und/oder i1) ein Gemisch aus einem Alkansulfonsduresalz und Schwefelsdure sowie
gegebenenfalls Tensid enthdlt. Weiterhin sind ein wiassriges Laugungsmittel, enthaltend eine oder mehrere Alkansulfonsduren und
gegebenenfalls Schwefelsdure und/oder Tensid sowie ein wissriges Laugungsmittel enthaltend ein oder mehrere Alkansulfonsidure-
salze und Schwefelsdure und gegebenenfalls Tensid Gegenstand der vorliegenden Erfindung.
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Process for the acid digestion of metal-comprising compounds

The present invention relates to a process for the acid digestion of metal-comprising coms-
pounds by leaching by means of an aqueous leachant, wherein the aqueous leachant
comprises i) an alkanesulfonic acid and, if appropriate, sulfuric acid and/or ii) a mixture of
one or more salts of alkanesulfonc acid. Furthermore, an aqueous leachant comprising
one or more alkanesulfonic acids and, if appropriate, sulfuric acid and/or surfactant as
well as an aqueous leachant containing one or more salts of alkanesulfonic acids, sulfuric
acid and, if appropriate, surfactant is provided by the present invention.

The process of the invention is suitable, for example, for the winning of copper, for the
production of TiO, or for the digestion of fluorspar (CaF,) to produce hydrogen fluoride.

Very few metals occur in pure form in nature. They are usually present cationically as ox-
ides, sulfides, arsenides, halides, carbonates, phosphonates, sulfates, etc. They occur as
metal-comprising minerals or mineral mixtures which are more or less conglomerated with
rock and if of economic importance are referred to as ores.

To isolate the pure elements, the minerals and ores have to be processed and the metals
extracted therefrom. One possibility is the "leaching process” in which the metal ions are
extracted directly from the ore by means of acidic or basic aqueous solutions. The
leachant used depends on the type of ore and the occurrence in the respective deposit. In
many cases, dilute sulfuric acid (from 1 to 5% by weight) has been found to be useful.

This proéess can be applied successfully to, for example, low-copper ores and waste
products which have a copper content of less than 2% by weight, for example the copper-
comprisin'g residues obtained in the burning of pyrite in sulfuric acid manufacture. These
starting materials are, If necessary after prior roasting, treated with dilute sulfuric acid and

the copper is isolated from the resulting copper sulfate solution by means of further work-
up steps.

The usual way of extracting the copper is to make a heap of the copper-comprising mate-
rial and then spray it from above with dilute sulfuric, so that the dilute sulfuric acid can
percolate or trickle through the copper-comprising material. The copper-enriched mother
liquor collects at the bottom of the heap and is passed to further work-up.

However, the dilute sulfuric acid has to act on the copper for a period of up to a number of
weeks in order to dissolve satisfactory amounts of metal ions from the ore. In general, the
yields in copper winning by this process are low.



CA 02644671 2013-07-11

A process for the acid digestion of copper ores having a low copper content is described
in US 4,120,935. Here, the copper ore is wetted with concentrated sulfuric acid and is left
for at least 3 days before the ore is washed with from 5 to 10 times the amount of low-
concentration sulfuric acid.

Canadian laid-open application 2,592,098 describes the addition of surfactants to the dilute
sulfuric acid to increase the yield. The surfactants are selected so that in a concentration of
from 0.001 to 0.3% by weight in a 2% strength aqueous H2S04 solution at 23°C they lead

to a reduction in the contact angle on glass by at least 10° after 1 second.

EP 0 536 914 describes the use of fluoroaliphatic surfactants of the general formula
(Rf)n(Q)Z, where Rf is a fluoroaliphatic radical, Q is a linking unit and Z is a water-soluble
group, in the extraction of copper (n=1 or 2 and x =0 or 1) by means of an aqueous
leachant comprising sulfuric acid.

However, disadvantages of these known processes are the large amounts of sulturic acid
which are acquired to separate the copper from the copper-comprising materials and also
the generally unsatisfactory yield of copper during the extraction, which is usually not

more than 80%. Furthermore, the extraction takes up a considerable time ranging from a
few days to a few months.

It is an object of the present invention to provide an alternative process for the acid diges-
tion of metal-comprising compounds by means of an agueous leachant. Among other
things, an increased yield of metal ions, based on the metal-comprising compound used,
compared to the above-described processes should be achieved.

The object is achieved by a process for the acid digestion of metal-comprising compounds
by leaching by means of an aqueous leachant, wherein the leachant i) comprises one or
more alkanesulfonic acids and/or ii) @ mixture of one or more salts of alkanesulfonic acids
and sulfuric acid. In a further embodiment, the leachant comprises in case of i) one or
more alkanesulfonic acids and also sulfuric acid.

The invention as claimed is thus more specifically directed to a process for the acid
digestion of metal-comprising compounds by leaching by means of an aqueous leachant,
wherein the leachant comprises i) one or more alkanesulfonic acids with a propyl, ethyl or
methyl moiety and sulfuric acid at a weight ratio of alkanesulfonic acid to sulfuric acid from
1: 1000 to 1: 1, and/or ii) a mixture of one or more salts of alkanesulfonic acids with a

propyl, ethyl or methyl moiety and sulfuric acid at a weight ratio of salt of alkanesulfonic



CA 02644671 2013-07-11

24a

acids with a propyl, ethyl or methyl moiety and sulfuric acid at a weight ratio of salt of

alkanesulfonic acid to sulfuric acid is from 1 : 9to 1 : 99.

An advantage of the process of the invention is that the extraction of metal-comprising
compounds by means of an aqueous solution comprising alkanesulfonic acid and sulfuric
acid and/or a mixture of salt of alkanesulfonic acid and sulfuric acid leads to significantly
higher yields of metal ions than are found in extraction by means of aqueous sulfuric acid
without addition of alkanesulfonic acid and/or salt of alkanesulfonic acid. The digestion
can thus be carried out in a shorter time and/or using smaller amounts of leachant. A fur-
ther advantage Is the very wide applicability of the process of the invention. Thus, not only
metals but also metal compounds such as TiO, can be produced, and, for example, CaF»
—comprising compounds can also be digested by the process of the invention to produce
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hydrofluoric acid. The use of salts of alkanesulfonic acids mixed with sulfuric acid further-
more has the advantage that salts of alkanesulfonic  acids accumulating as waste prod-
ucts in other chemical processes can be used in a beneficial manner.

The process of the invention is in principle suitable for leaching any metal-comprising
compounds in the case of which a metal can be dissolved from the respective com-
pounds, for example ores, rock or minerals, by treatment with sulfuric acid. The metal-
comprising compounds which can be digested by the present process are, for example,
oxides, sulfides, arsenides, chlorides, carbonates, phosphates or fluorides.

Copper-comprising oxidic ores include, for example, red copper ore (cuprite) Cu,O, green
malachite Cuy(OH)»(CO3) (= "CuCOj; - Cu(OH),") and blue azurite Cuz(OH)(CO3), (=
"2CuCos; - Cu(OH),"), sulfidic copper ores include, for example, chalcopyrite CuFeS, (=
"Cu,S - Fe,S;3"), bornite CusFeS; (= "3Cu.S - Fe,S;3"), cubanite CuFe,S; and copper
glance (chalcosine) Cu,S. Further metals which can be obtained from their ores by acid
extraction are zinc, lead, molybdenum, antimony, bismuth, mercury, cobalt and nickel.

For the winning of zinc, the zinc ores (zinc blend, smithsonite) are roasted before leach-
INg.

Lanthanum and the lanthanides can be obtained by the acid digestion of cerite, monazite,
turnerite and orthite according to the invention.

Uranyl sulfate, which is processed further to obtain uranium, can be obtained from ura-
nium ores by the process of the invention.

Preference is given to digesting metal-comprising compounds which comprise copper,
titanium, Caf,, zinc, lead, molybdenum, antimony, bismuth, mercury, cobalt, nickel, alu-
minum, lanthanum, lanthanides or uranium by the process of the invention.

The metal comprised in the metal-comprising compound can be present in any oxidation
state which is possible for the respective metal.

Leaching is frequently only an intermediate step in metal winning, in which the desired
metal is dissolved from the rock and converted into a soluble form which is then subjected
to further purification and work-up steps.

However, in some cases the pure metal is not the desired end product. For example, tita-
nium minerals such as ilmenite (FeTiO3) are digested for the production of TiO,, bauxite is



10

15

20

29

30

39

40

CA 02644671 2008-08-25
PF 0000057686/PP

_4 -

digested for the production of alum or aluminum hydroxide is digested for the production
of aluminum sulfate.

It I1s possible to use not only freshly mined ores and minerals but also waste products or
intermediates from other processes, e.q. the copper-comprising residues obtained in the
burning of pyrite in sulfuric acid manufacture or filter dust or fly ash obtained in the clean-

ing of exhaust air, for recovering the heavy metals comprised therein by means of the
process of the invention.

The objective of the process is not always the extraction of the cation comprised in the
mineral or in the ore but may instead be the extraction of the counterion. For example, the
digestion of fluorspar (Cal>,) is utilized for producing hydrogen fluoride or the digestion of
apatite Cas(PO,)3(F, OH, Cl) is employed for obtaining phosphoric acid. In these cases

too, the metal-comprising compounds comprising the desired anion as counterion can be
digested by the process of the invention.

The aqueous leachant used according to the process of the invention comprises 1) from
0.001 to 50% by weight of one or more alkanesultonic acids, preterably from 0.01 to 10%

by weight. If appropriate, the alkanesulfonic acid can also have a concentration above
50% by weight. Preference is given to using one alkanesulfonic acid.

The aqueous leachant used according to the process of the invention comprises ii) from 1
to 10 % by weight of one or more salts of alkanesulfonic acids, from 90 to 99 % by weight
of sulfuric acid and, if appropriate, 0 to 5 % by weight of surfactant.

For the purposes of the present invention, it is possible to use cyclic, linear and branched
alkanesulfonic acids whose alkyl radical has from 1 to 40 carbon atoms as alkanesulfonic
acids. They can be prepared by methods known to those skilled in the art, for example by

sulfoxidation of the corresponding alkanes. Preference is given to using alkanesulfonic

acids having short-chain alkyl radicals such as propyl, ethyl or methyl radicals; particular
preference is given to using methanesulfonic acid.

In a preferred embodiment, the aqueous leachant comprises both alkanesulfonic acid and

sulfuric acid. The concentration of sulfuric acid is in the range from 0 to 50% by weight,
preferably from O to 10% by weight.

In a preferred embodiment, the sulfuric acid used is dilute sulfuric acid having a content of

from 1 to 80 g/l of H,SO,, particularly preferably from 2 to 60 g/l of H,SO,, in particular
from 5 to 40 g/l of H,SO,.

According to the invention the ammonium, alkaline and alkaline earth salts of the alkane-
sulfonic acids described precedingly are used as salts of alkanesuifonic acids. Preferred
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are the ammonium and the alkaline salts, especially preferred are ammonium and sodium
salts of methanesulfonic acid, most preferred is the sodium salt of methanesuifonic acid
(sodiummethanesulfonate).

The ratio of sulfuric acid to alkanesulfonic acid in the aqueous leachant according to the
present invention is in the range from 1 000 : 1 to 1 : 1, preferably from 100 : 1 to 10 : 1.

According to the invention the ratio of salt of alkanesulfonic acid to sulfuric acid is in the
range of 1:9 to 1:99. Mixtures of salt of alkanesulfonic acid and sulfuric acid typically con-

tain 1 to 10 % by weight of salt of alkane sulfonic acid and 90 to 99 % by weight of sulfuric
acid.

In the process of the invention, surfactants can be added to the aqueous leachant. The
surfactants used can be anionic, cationic, nonionic or amphoteric. Mixtures of the above-
mentioned classes of surfactants can also be used. Preference is given to surfactants
which after extraction of the metal from the metal-comprising material do not interfere in
the further work-up of the extracted metal in the sulfuric acid solution. Thus, for example,
the transter of copper from the aqueous extraction phase into an organic phase should not
be adversely affected. Suitable surfactant systems therefore have to be good wetting
agents but poor emulsifiers. In a preferred embodiment of the present invention, use is
therefore made of a surfactant which during the extraction of the aqueous phase with an

organic phase does not significantly increase the time for phase separation to occur com-
pared to phase separation without surfactant.

Furthermore, suitable surfactants should preferably be stable under the acidic conditions

- caused by the alkanesulfonic acid and, if present, the sulfuric acid in an aqueous phase

and preferably be biodegradable, particularly preferably readily biodegradable.

Particular preference is given to using surfactants which in a concentration of from 0.01 to
0.3 % by weight, particularly preferably from 0.05 to 0.25 % by weight, in particular from
0.1 to 0.2 % by weight, in a 2% strength aqueous H,SO, solution at 23°C lead to a reduc-
tion In the contact angle on glass by at least 10°, particularly preferably at least 20°, in

particular at least 30°, especially at least 40°, after 1 second, particularly preferably after
0.5 second, in particular after 0.1 second.

The surfactants described in the German application number DE 10 2004 063 500.5 are
particularly useful. For example, the surfactant can be selected from

- the group of nonionic surfactants, preferably nonionic surfactants selected from the
group consisting of alcohol alkoxylates, alkylphenol alkoxylates, alkylpolygluco-
sides, N-alkylpolyglucosides, N-alkylglucamides, fatty acid alkoxylates, fatty acid
polyglycol esters, fatty acid amine alkoxylates, fatty acid amide alkoxylates, fatty
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acid alkanolamide alkoxylates, N-alkoxypolyhydroxyamides of fatty acids, N-
aryloxypolyhydroxyamides of fatty acids, block copolymers of ethylene oxide, pro-
pylene oxide and/or butylene oxide, polyisobutene alkoxylates, polyisobutene-
maleic anhydride derivatives, fatty acid glycerides, sorbitan esters, polyhydroxy fatty
acid derivatives, polyalkoxy fatty acid derivatives and bisglycerides;

- the group of anionic surfactants, preferably anionic surfactants selected from the
group consisting of fatty alcohol sulfates, sulfated alkoxylated alcohols, alkanesul-
fonates, N-acylsarcosinates, alkylbenzenesulfonates, olefin sulfonates and disul-
fonates, alkyl ester sulfonates, sulfonated polycarboxylic acids, alkylglycerol sul-
fonates, fatty acid glycerol ester sulfonates, alkylphenol polyglycol ether sulfates,
paraffin sulfonates, alkyl phosphates, acylisothionates, acyltaurates, acylmethyltau-
rates, alkylsuccinic acids, alkenylsuccinic acids or their monoesters or monoamides,
alkylsulfonylsuccinic acids or their amides, monoesters and diesters of sulfonylsuc-
cinic acids, sulfated alkyl polyglycosides, alkyl polyglycol carboxylates and hy-
droxyalkyl sarcosinates;

- the group of cationic surfactants, preferably cationic surfactants selected from the
group consisting of tetraalkylammonium salts, imidazolinium salts and amine ox-
ides;

- the group of amphoteric surfactants, preferably amphoteric surfactants selected
from the group consisting of surfactants comprising carboxylic acids and additionally
at least one ethylenically unsaturated monomer unit of the general formula (1)

R'(R)C=C(RR* (),

where R' to R* are each, iIndependently of one another, -H, -CHj,, a straight-chain or
branched saturated alkyl radical having from 2 to 12 carbon atoms, a straight-chain
or branched, monounsaturated or polyunsaturated alkenyl radical having from 2 to
12 carbon atoms, alkyl or alkenyl radicals as defined above substituted by -NH,, -
OH or —COOH, a heteroatomic group having at least one positively charged group,
a quaternized nitrogen atom or at least one amine group having a positive charge in
the pH range from 2 to 11 or -COOH or -COOR?®, where R’ is a saturated or unsatu-

rated, straight-chain or branched hydrocarbon radical having from 1 to 12 carbon
atoms.

Furthermore, it is possible, within the scope of the present invention, to use surfactants of
difterent classes, for example anionic surfactants together with cationic surfactants, am-
photeric surfactants together with nonionic surfactants, etc., in the composition according

to the invention. Here, it is possible to use surfactants from 1, 2, 3 or 4 different classes of
surfactant (nonionic, anionic, cationic and amphoteric).
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It has also been found that very low concentrations of the surfactant systems described
improve the kinetics of the extraction, increase the metal yield and make it possible to
decrease the amount of alkanesulfonic acid and/or sulfuric acid used further.

In a preferred embodiment of the present invention, the resulting aqueous composition

comprising the surfactant has a contact angle on glass of less than 40°, particularly pret-
erably less than 30°, in particular less than 20°.

The contact angle is measured on an extra-white glass microscope slide from Gerhard

Menzel Glasbearbeitungswerk GmbH & Co. KG, Braunschweig, having a thickness of
1 mm. The approximate composition of the glass microscope slide is as follows:

Approximate chemical composition:

Silicon dioxide S10; 72.20 %
Sodium oxide Na,O 14.30%
Potassium oxide K,O 1.20 %
Calcium oxide Ca0 6.40 %
Magnesium oxide MgO 4.30 %
Aluminum oxide AlL,O; 1.20 %
Iron oxide Feo,Oj 0.03 %
Sulfur trioxide SO; 0.30 %

Further properties of the glass are as follows:

[ Mean expansion coefficient 90.6 x 107/C°
(20 — 300 °)
Elongation pointlog n 14.5 513 °C
Littleton softéning point 720 °C

Radiation from second mirror surface:

Total solar reflection (M = 2) as a proportion of the normal reflection at a second mirror
surface at a solar elevation of 30°: 95.3%

Light transparency:

Total solar transparency (M = 2) as a proportion of the normal transparency at a solar ele-
vation of 30°C: 91.6%
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Optical index of refraction
At A = 546.07 nm 1 5171
DenSity 2 479

The glass microscope slide is cleaned with acetone and dried at 70°C for 2 hours in a
drying oven before measurement of the contact angle.

The amount of nontonic surfactant employed Is, on the basis of experience, from 1 to
30 ppm, preferably from 1 to 20 ppm, particularly preferably from 2 to 15 ppm, in particular
from 3 to 10 ppm, per metric ton of starting material. It has been found to be advanta-

geous to use a higher concentration at the beginning of the extraction process than to-
ward the end of the extraction.

The present invention further provides an agueous leachant comprising

a) 0.001 -50% by weight of one or more alkanesulfonic acids,
b) 0.1 -50% by weight of sulfuric acid and

C) 0 — 5% by weight of one or more anionic, nonionic, cationic or amphoteric surfac-
tants,

with the water present and the sum of the components a) to ¢) adding up to 100% by
weight.

The present invention also provides an aqueous leachant comprising

a) 1 — 10 % by weight of one or more salts of alkanesultonic acids,
b) 90 -99 % by weight of sulfuric acid and

C) 0 — 5 % by weight of one or more anionic, nonionic, cationic or amphoteric surfac-
tants,

with the water present and the sum of the components a) to ¢) adding up to 100% by
weight.

In a further embodiment of the present invention the aqueous leachant may contain al-
kanesulfonic acid, salt of alkanesulfonic acid and sulfuric acid.

Leaching processes for the digestion of metal-comprising compounds are known in princi-
ple to those skilled in the art.

Leaching by the process of the invention of the metal-comprising compounds to be di-
gested preferably means that the metal-comprising, if appropriate previously comminuted
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compounds are made into a heap and the aqueous leachant, i.e. the aqueous solution
comprising alkanesulfonic acid and, if appropriate, sulfuric acid and/or surfactant, subse-
quently percolates or trickles through the heaped-up material. Spraying of the metal-
comprising compounds preferably occurs dropwise. After the metal or the desired anions

have been separated off from the leachant, the latter is preferably used again for turther
extractions.

In a preferred embodiment, the metal-comprising compounds are firstly milled to give par-
ticles having a diameter of about 10 cm before leaching. The milled particles are then
heaped up, usually to form heaps made up of from 100 000 to 500 000 metric tons of

starting material. These are then extracted according to the process of the present inven-
tion.

It may be expressly pointed out that, according to the invention, the leachant can com-
prise varying concentrations of alkanesuifonic acid and, if appropriate, sulturic acid and/or
surfactant during the extraction process (gradient operation). Furthermore, part or all of
the surfactants can be added to the starting material or rock before commencement of the
extraction process, e.g. during milling of the material.

Depending on the starting material to be extracted, it can also be preferred for the starting
material to be extracted to be firstly pretreated and wetted with a concentrated sulfuric
acid and the starting material then to be washed with an excess of low-concentration sul-
furic acid, as described in US 4,120,935. In one embodiment of the invention, the metal-
comprising compound can be pretreated with concentrated sulfuric acid and the desired
anions or Cations can then be extracted with an aqueous leachant comprising alkanesul-
fonic acid and, if appropriate, sulfuric acid and/or surfactant and/or a mixture of one or
more salts of alkane sulfonic acids and sulfuric acid as well as, if appropriate, surfactant.
Alkanesulfonic acid and/or surfactant and/or salt of alkanesulfonic acid can also be added
to the concentrated sulfuric acid used for the pretreatment.

When a concentrated sulfuric acid is used for the pretreatment (wetting), its concentration

IS preferably from 25 to 500 g/l of H,SO,, particularly preferably from 50 to 400 g/l of
H,.SO,, in particular from 75 to 300 g/l of HySO,.

According to the invention, the leachant used for the digestion may, if appropriate, com-
prise furthe.r additives for metal extraction which are known per se to those skilled in the
art. An example is iron(lll) ions for copper winning, preferably in a concentration of from 5
to 50 g/l, based on the composition according to the invention. The iron(lll) ions are pref-
erably used in the form of iron(lll) sulfate in the compasition according to the invention.
Further suitable additives are, for example, additives which stabilize Ca** ions which often
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occur in association with copper. Examples are sodium polyacrylates. Further suitable
additives are aluminum ions.

The leaching of the metal-comprising starting material is generally continued until the con-
tent of extracted metal is less than 1 g/l. Depending on the type of material to be extracted

and its amount, times of from 5 days to a number of months are usual for this to be
achieved.

If copper is the metal to be recovered, a further suitable pretreatment for the copper-
comprising starting material to be extracted according to the present invention is roasting.
This is preferably effected by heating in roasting furnaces, for example rotary tube fur-
naces, multitier furnaces or fluidized-bed roasting furnaces, with admission of air. During
roasting, sulfides, arsenides and antimonides of copper and associated metals are gener-
ally converted into the corresponding oxides.

In a preferred embodiment, the metal can be removed from the resulting aqueous mother
liquor by extraction with a complexing agent soluble in organic media. For this purpose, it
is possible to use, for example, organics-soluble complexing agents from Cognis (Lix®
grades) and Cytec. Preference is given to 2-hydroxy-5-nonylacetophenone oxime, which
is used in an organic solution (Shellsol®). The copper can subsequently be transferred
from the organic solution, preterably by means of aqueous sulfuric acid, into an aqueous,
preferably strongly acidic phase and isolated therefrom by electrochemical means. These

procedures are known per se to those skilled in the art and are described, for example, in
EP 0536 914 A1.

In copper winning, the extracted copper can alternatively be precipitated from the mother
liquor obtained In the process of the invention by means of scrap iron. This procedure,
generally referred to as "cementation”, is known per se to those skilled in the art. Cemen-
tation is usually followed by smelting of the copper obtained and electrolytic purification.

The process of the invention has a very wide range of uses. The following processes for

obtaining various raw materials from the corresponding metal-comprising compounds may
be mentioned by way of example.

About 80% of the zinc produced nowadays is electrolytic zinc. This is obtained by roasting
of the zinc ores, (conversion of the zinc ores such as zinc blend and smithsonite into zinc
oxide) followed by leaching with sulfuric acid and precipitation of more noble accompany-
Ing metals (Pb, Ni, Cd, Co, Ag etc.) by introduction of zinc dust. In an embodiment of the

process of the invention, an aqueous solution of alkanesulfonic acid and, if appropriate,
sulfuric acid and/or surfactant is used for leaching the roasted zinc ores.
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The process of the invention can also be used in lanthanum recovery. The main raw ma-
terial for the isolation of lanthanum is monazite sand. The digestion of this with sulfuric
acid is followed by precipitation of lanthanum together with the other rare earth materials
as oxalate; a combination of precipitation, ion exchange and extraction processes (lantha-
nide separation) leads to pure lanthanum solutions from which lanthanum(lll) oxalate is
precipitated, ignited to give lanthanum(ill) oxide and the latter is either heated together
with carbon in a stream of chlorine to form lanthanum(lll) chloride or is converted into lan-
thanum(lll) fluoride by reaction with hydrogen tluoride in a rotary tube furnace. The metal
is finally obtained by melt electrolysis of lanthanum(lll) chloride or reduction of lantha-
num(lll) fluoride with calcium/magnesium. In an embodiment of the process of the inven-
tion, the digestion of the monazite sand is carried out using an aqueous leachant which
comprises alkanesulfonic acid and, if appropriate, sulfuric acid and/or surfactant.

The process of the invention can also be used in uranium recovery. To recover uranium,
the ore Is usually sorted according to the intensity of the radioactivity and milled. Uranyi
sulfate (U0,50,) i1s subsequently obtained by acid leaching. The acid processes also in-
clude bacterial leaching by means of Thiobacilllus ferrooxidans. The uranium is obtained
from the resulting solutions by ion exchange processes or by extraction with organic sol-
vents. The uranium is finally precipitated and dried to give marketable yellow cake (am-
monium and/or magnesium diuranate). In an embodiment of the present invention, an

aqueous leachant comprising alkanesultonic acid and, if appropriate, sulfuric acid and/or
surfactant can be used for the extraction of uranium from its ore.

The process of the invention can be used in the preparation of TiO,, too. In the sulfate
process, the metallic titanium slags which can be obtained from ilmenite (FeTiO3) by re-
duction with coke are usually treated with concentrated sulfuric acid and the digestion
cakes obtained here are dissolved in hot water or sodium hydroxide solution, resulting in
precipitation of hydrated titanium dioxide which is calcined in rotary tube furnaces at
800 - 1000°C to give finely particulate anatase or at > 1000°C to give coarsely particulate
rutile. In an embodiment of the present invention, the metallic titanium slag is, in the pro-

duction of TiO,, treated with an aqueous leachant which comprises alkanesulfonic acid
and, if appropnate, sulfuric acid and/or surfactant.

A turther possible application of the process of the invention is the preparation of hydro-

gen fluoride. This is usually prepared by digestion of fluorspar (CaF,) with concentrated
sulfuric acid. In a further embodiment of the present invention, the digestion can be car-

ried out by means of an aqueous leachant which comprises alkanesulfonic acid and, if
desired, sulfuric acid and/or surfactant.

The process of the invention can accordingly be employed in the digestion of many metal- -
comprising compounds. Preference is given to using copper-comprising, TiO,-comprising
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and CaF,-comprising compounds as metal-comprising compounds to be digested. Par-
ticular preference is given to winning copper with the aid of the process of the invention.

The effectiveness of the present process will be demonstrated below for copper-
comprising compounds.

Examples

Materials used

Copper(ll) sulfate 5-hydrate CuSO,4 x 5 H,0O, from Riedel-de-Haen

Copper(l) sulfide Cu,S, from Aldrich
Copper(ll) oxide CuO, from Riedel-de-Haen
Silica sand 0.2 - 0.5 mm, Schnaitenbach/Bayern

Composition of the copper-comprising mixture

Compound Weight used [g]
Copper(ll) sulfate 5-hydrate | 1

Copper(l) sulfide 1

Copper(ll) oxide 1

Silica sand 500

- Composition of the acid mixtures

Experiment E1 [E2 [E3 [E4 [E5 [E6 [E7
3% strength sulfuric acid [ml] | - 10 (20 {30 |35 (39 |40
3% strength MSA* [ml] 40 |30 (20 |10 |5 1 -

*Methanesulfonic acid

Procedure

The copper-comprising mixtures are admixed at room temperature with the acid mixtures,
stirred by means of a magnetic stirrer for 2.5 hours and allowed to stand overnight for
24 hours. The digestion mixture is then filtered with suction on a filter having a pore open-

ing of 0.45 um, the filtrate is made Up to 250 ml with distilled water and the copper content
of the solution is determined.
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Experiment E1 E2 E3 E4 E5 E6 E7
3% strength sulfuric acid [ml}] | - 10 20 30 35 39 40
3% strength MSA [mil] 40 30 20 10 5 1 -

Cu in [g/100 g] 0.058 | 0.059 |0.065 |0.075 [0.086 [ 0.11 [0.057
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CLAIMS

1. A process for the acid digestion of metal-comprising compounds by leaching by
means of an aqueous leachant, wherein the leachant comprises 1) one or more
alkanesulfonic acids with a propyl, ethyl or methyl moiety and sulfuric acid at a weight ratio
of alkanesulfonic acid to sulfuric acid from 1 : 1000 to 1 : 1, and/or ii) a mixture of one or
more salits of alkanesulfonic acids with a propyl, ethyl or methyl moiety and sulfuric acid at a
weight ratio of salt of alkanesulfonic acids with a propyl, ethyl or methyl moiety and sulfuric

acid at a weight ratio of salt of alkanesulfonic acid to sulfuric acid is from 1:9to 1: 99.

2. The process according to claim 1, wherein the concentration of the sulfuric acid is
from 0,1 to 50% by weight.

3. The process according to claim 1 or 2, wherein the leachant comprises from 0.001 to

50% by weight of alkanesulfonic acid.

4. The process according to any one of claims 1 to 3, wherein the alkanesulfonic acid is

methanesulfonic acid.

5.  The process according to any one of claims 1 to 4, wherein the sait of alkanesulfonic

acid is an ammonium, an alkaline or an earthalkaline salt.

6. The process according to any one of claims 1 to 5, wherein the salt of alkanesulfonic

acid I1s a salt of methanesulfonic acid.

/.  The process according to claim 6, wherein the salt of methanesulfonic acid is

sodiummethanesulfonate.

8. The process according to any one of claims 1 to 7, wherein the leachant comprises

one or more non-ionic, anionic, cationic or amphoteric surfactants.
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9. The process according to claim 8, wherein the surfactant or surfactants in a total

concentration of from 0.1 to 0.3% by weight in 2% strength aqueous HZSO 4 solution at

23°C leads to a reduction in the contact angle on glass by at least 10° after 1 second.

10. The process according to any one of claims 1 to 9, wherein the metal-comprising

compound comprises copper, titanium, CaFZ, zinc, lead, molybdenum, antimony, bismuth,

mercury, cobalt, nickel, aluminum, lanthanum, lanthanides or uranium.

11. The process according to claim 10, wherein the metal-comprising compound

comprises copper, titanium or Can.

12.  The process according to any one of claims 1 to 11, wherein the process is employed

for the winning of copper.
13.  An aqueous leachant comprising

a) 0.001 -50% by weight of one or more alkanesulfonic acids with a propyl, ethy!
or methyl moiety,

b) 0.1 -50% by weight of sulfuric acid and

c) 0 -5% by weight of one or more non-ionic, anionic, cationic or amphoteric
surfactants,
wherein the weight ratio of alkanesulfonic acid to sulfuric acid is from 1 : 1000 to

1:1.
14. An aqueous leachant comprising

a) 1-—10% by weight of one or more salts of alkanesulfonic acids with a propyl,
ethyl or methyl moiety,

b) 90 - 99% by weight of sulfuric acid and

c) 0-5% by weight of one or more non-ionic, anionic, cationic or amphoteric

surfactants,
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wherein the weight ratio of salt of alkanesulfonic acid to sulfuric acid Iis from 1 : 9
to 1:99.
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