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Maalle und seliene Enlen aus dem Reakiionsproduki geltinl werden.
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Verfahren zur Gewinnung von Cobalt und Nickel aus Erzen und

Erzkonzentraten

Dle Erfindung betrifft eln Verfahren zur Gewinnung von Cobalt und Nickel aus
arsenosulfidischen oder sulfidischen Erzen oder Erzkonzentraten.

Der weltaus griBte Tell der weltwelten Nickel- und Cobaltproduktion wird aus
arsenosulfidischen oder sulfidischen Mineralen gewonnen. Dabel treten Cobalt
und Nicke! haufig zusammen sowle vergeselischaftet mit welteren Metallerzen
auf,

Unter den cobalthaltigen Arsenosulfiden sind vor allem zu nennen Safflorit
(CoAs,), -Skutterudit (CoAs,), Arsenopyrit ((Fe,Co,Ni)AsS), und Cobaltin
(CoAsS). Bel den Sulfiden ist vor allem Linneit (CoyS4) zu nennen.

Unter den Arsenosulﬁden sind vor allem zu nennen Rammelsbergit NIAs,;,
Arsenopyrit (FeAsS), Gersdorffit (NIAsS) und Nickelln (NiAs). Bel den Suifiden
Ist vor allem Pentlandit (Fe,Nl)sSs, Millerit (NIS) und Bravoit (NI,Fe)S; zu
nennen.

Der Cobaltin Ist unter den Cobaltmineralen, der Pentlandit unter den

Nickeimineralen das am st&rksten verbreltete Mineral. Diese besltzen daher die
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groBte wissenschaftliche und wirtschaftliche Bedeutung bei der Entwicklung
neuer Gewlnnungsverfahren.

Beide Minerallen zelchnen sich auBerdem dadurch aus, dass in Ihnen

regelmé&Blg ein Gehalt an Gold, Platinmetallen und anderen seltenen Metallen

sowle seltenen Erden angelagert oder geldst Ist.

Dle arsenosulfidischen und/oder sulﬁdische_n Cobaltminerale werden aus
Erzgenesen gewonnen, die .in der Regel gemahlen und Im Flotationsverfahren
zu elnem Erzkonzentrat aufkonzentriert werden, wobel insbesondere ein

wesentlicher Tell der im Mahlgut enthaitenen Sllikate abgetrennt werden,

Die Aufar_'beltung der Erze oder Erzkonzentrate erfolgt klassischerweise durch
Rosten der Erze, wobe| das Sulfid bei hohen Temperaturen zu SO; oxldlert wird
und Metalloxide zuriickblelben. Die so erhalterlnen Erze kbnnen dann durch
Zugabe von Kohlenstoff reduziert werden _und die elnzelnen Metalle werden

durch spezielle Verfahren gegebenenfalis weiter aufgerelnigt.

Mittlerwelle gibt es neben den bekannten pyrometallurgischen und
hydrometallurgischen Verfahren verschiedene Ansdtze, Cobalt, Nickel und

andere In den arsenosulfidischen und/oder sulfidischen Cobaltmineralen zu

I6sen.

Der Begrliff "Laugung" umfasst sowohl chemische Laugung durch Fe' als auch
die blologische Laugung' (Bio-Leaching) durch Mikroorganismen, dle den

Schwefel als Energiequelle nutzen kbénnen. Insbesondere bel der Verwendung



WO 03/025234 PCT/DE02/03394
-3 -
von eisenhaltigen. Kupfer- und HNickelerzen ist elne Laugung bisher nur

unvollsténdig mbéglich.

Der Erfindung llegt dle Aufgabe zugrunde, eln verbessertes Verfahren zur
Gewlnnung von Cobalt und Nickel und anderen Metallen aus arsenosulfidischen
und/oder sulfidischen Erzen oder Erzkonzentration zur Verfiigung zu steilen.

Dlese Aufgabe wird mit einem Verfahren geldst, bel dem

« das arsenosulfische und/oder sulfidische Cobalt- und/oder Nickelerz oder -
erzkonzentrat mit Schwefel oder schwefelhaltigen Arsenverbindungen zu
einem Reaktionsprodukt umgesetzt wird, ‘und _

» losliche Metalle' und seltene Erden aus dem Reaktionsprodukt gelést werden.

Diese Umsetzung wird durch die Formel

4CoAsS + 4S5 — 4C0oS + AsyS, (1)
(Fe,Ni)eSs + 55 = 4NIS + 5 FeS5; (2)

4CoAs + 4 As;S3 — 4 CoS + 3As,S, (3)

dargestelit.

Es hat sich gezeigt, dass sich der Cobaltin bei geelgneter Prozessfiihrung
nahezu vollstdndlg in CoS und Realgar umsetzen ldsst. Pentlandit ldsst sich bel
der Prozessflhrung hingegen nahezu vollstéingilg in NiS und Pyrit umsetzen,

Bel dieser Umsetzung entsteht aus einem Cobaltinkom des Mahlgutes ein Korn -

{iberwlegend mit einem Kern aus Realga'r und " elnem Mantel aus CoS. Im

Gegensatz zu Cobaltin lésst sich aus Cobaltsulfid Cobalt sowle Obrige darin
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angereicherte Metalle problemlos mit herkdmmlichen Oxidationsverfahren
herauslésen. Im Falle des Nickels entsteht ebenfalls aus einem Pentlanditkorn
des M'ahlguts ein Korn mit einem Kern aus Pyrit und einem Mantel aus NIS.
Dieses lésst sich problemlos durch herkbmmliiche Laugungsverfahren
herauslésen. Besonders geelgnet Ist der. Schwefel In elnem flGssigen
Aggregatzustand. Je nach Temperatur Ist der Schwefel leichtflissig gelb bls

z5hfllissig dunkelrot/braun. In der flissigen Phase treten Umwandiungen

zwischen A-, =- und p~Schwefel eln. Die unterschiediichen Formen fihren zu

einer Absenkung des Erstarrungspunktes. Filsslg ist Schwefel daher im
Aligemelnen im Bereich von 111-444 °C, wobel der Sledepunkt abhdnglg Ist

vom Druck. Dieser Temperaturbereich wird daher bevorzugt verwendet, wobel

wenlger vortellhaft der Berelch um 187 °C Ist, da der Schwefel dort elne

besonders hohe Viskositét hat, die be! héheren Temperaturen wieder

abnimmt. Bevorzugt sind zum elnen ‘Temperaturberelche von 111-159 °C,
altermatly 350-444 °C. Niedrige Temperaturen sind seibstversténdlich vom
notwendigen Energieeintrag her diinstiger, h{here Temperaturer:l

beschleunigen dle Reaktion.

Diese Reaktionen sind exotherm, so dass eln verglelchswelse geringer

Energleaufwand fir die Umsetzung nétlg Ist.

Eln mbgliches Verfahren zur Gewinnung von Cobalt bzw. Nickel aus CoS bzw

NIS wird mit den Formein

CoS + Fey(S0Q4); - CoSO4 + 2FeS0O, + S (4)
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NiS + Fez(S04); — NiSOs + 2 FeS04+ S (5)

beschrieben. Das erzeugte Cobalt- bzw. Nickelsulfat Ist ebenso wle das
Elsensulfat séureldslich, Cobalt, Nickel und Elsen gehen somit nachelnander In
Loésung und k&nnen bel geeligneter Prozessfilhrung separiert und abgetrennt
werden.

Ubrig blelbt ein Im Mahlgut enthaltenes Gemisch aus Edel- und sonst-igen
Metallen und seltenen Erden, Insbesondere aus Gold, Sliber, Platin, PME’s und
Zink, das sich als Reslduum am Boden des fanks, In dem der Lbsungsprozess
ablauft, -abselzt.

Mit neuartigen Bioleaching-Verfahren kann das Cobalt oder Nickel besonders
umweltfreundlich unter vergleichswelse geringer Erzeugung von Schwefelséure

herausgeltst werden. Dabel wird das Cobaltsulfid geméB

CoS + O; =» CoS0, : (6)
bzw.
NIS + O. = NISO, (7)

bel Anwesenheit Spezieller' Bakterlen oxldlert und In wissriger L8sung
abgetrennt und gleki:rolysl'ert.

D-ie Umsetzung der_ Erze oder Erzkonzentrate sollte bevorzugt In einer
Inerten Atmosphéire ablaufen, belsplelswel'se unter Stickstoff oder Ar%on.

Als bewl:nzugter Temper:aturbereich fiir dle Umsetzung hat sich der Bereich

Zwischen 50°C und 550°C -herausgestelit, insbesondere zwlschen 350°C und
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450°C kann die L{msetzung vergieichsweise schnell erfoigen. Die Dauer der
Umsetzung héngt von der GréBe der Mahlkérner und der Temperatur ab und _
kann vom Fachmann durch elnfache Versuche optimlert werden.

Der Umsetzungsprozess der Erze oder Erzkonzentrate kann durch elne
Mlkrowellenbéstrahlung unterstiitzt werden. Da durch die Mikrowellen dle
elnzelnen Kérner des Mah_lgutes gleichermaBen Innen wie AuBen aufgehelzt.
werden, kdnnen hierdurch die bel der Umsetzung ablaufenden
Diffuslonsprozesse beschleunigt werden. Durch dlese Verbesserung der
Reaktionskinetik kann der Prozess beschleunigt werden.

Je nach Umsetzungstemperatur und gegebenenfalls Intensitdt der
Mikrowellenbestrahlung kann dle Umsetzung wéhrend einer Dauer von 0,5 h
bis 10 h, Insbesondere von 2 h bils 5 h erfolgen.

Der Schwefel solite dem Cobaltin stdchiometrisch zugefithrt werden. Dies
bedeutet, das-s im Regelfall vor de.r Umsetzung elne Analyse durchgefiihrt
werden sollte, um festzustellen, welche Mengen an Schwefel bendtigt werden,
um in Abhﬁnglgkeit'vom elngesetzten Er; zur Urr'lset:zung gemaB Formel (1),
(2), (3) oder vergleichbaren Umsetzungen zu gelangen. Eln Uberschuss an
Schwefel solite vermledeﬁ'werden, da dieser belm Abkihlen meist elne
kliebrige Masse erglbt. St&chlometrisch bedeutet also in dlesem Fall, dass
bezogen auf den Metaligehalt der Erze oder Erzkonzentrat nach Ablauf der
Reaktion praktisch kein freler Schwefel verbleiben solite.

Dabei kann der Schwefel dem Mahlgut In festem Zustand zugeflihrt werden,
wobel die Umsetzung des Erzes oder Erzkonzentrates bel Umgebungsdruck

erfolgen sollte, jedoch auch mit elnem Uberdruck von bls zu 10 bar
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durchgefiihrt werden kann. Um zu vermeiden, dass bei' den Temperaturen fur
die Umsetzung zu viel Schwefel verdampft, kann es von Vortell sein, wenn die
Umsetzung in elner Schwefeldampf geséttigten Atmosphare ablauft.

Andererseits kann die Umsetzung auch ohne Zugabe festen Schwefels In
elner gasfirmigen Schwefel gnthaltenden Atmosphdre bel Unterdruck erfolgen.

Auch Ist die Umsetzung unter Zugabe elnes Schwefelplasmas moglich.

Mdglich Ist auch die Umsetzung von flilssigem .Schwefel mit entsprechend
vargewarmtem Erz oder Erzkonzentrat, da dles dle Reaktion stark beschleunigt
und die Blidung von Nebenprodukten verringert.

Das Verfahren kann z. B. in' elnem Drelkammer-Tunnelofen realislert
werden. Der Drelkammer—Tunne_lofer.\ welst eine erste und eine dritte Kammer
auf, dle als Schleusen fiir dle zwelte Karnmer dlenen. Die zwelte Kammer des
Ofens Ist mit .elektrischen -Helzwendeln. verseh;an und welst elnen Einlass flr
Stickstoff bzw. Argon auf, das als Spiilgas verwendet wird, Darliber hinaus
kann ldie' zwelte Kammer mit Quarz_glasfenstern zum Einbringen wvon
‘Mlkrowellen versehen seln. .

Versughe haben gezelgt, dass dle Umsetzung Insbesondere bel, elner
Bestrahlung des Gemisches aus Mahléut und Schwefe! mit Mikrowellen mit
einer auf die Menge des Mahliguts bs:-zogenen spezifischen Energledichte von 8-
35 kWh/t optimlert Ist. Es kéinnen sowoh! -Mik;-owellen mit 815 MHz als auch
mit 2,45 GHz verwendet werden.

Auch kann die Umsetzung in einem Wirbelschichtreaktor erfolgen,
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Uberraschenderweise werden durch das erfindungsgeméBe Verfahren

rieselfdhige Prod_ukte erhalten, d.h. der zugesetzte Schwefel. flhrt nicht zu
elner Verklebung der Reakélcnsprodukte, sondern wird fiir dle U'msetzung
benétigt. Eventuell vorhandene Verklebungen lassen sich leicht aufbrechen.
Das Produkt welst durch dle entstandene Porosltat, au:.:h bedingt durch dle
. exotherme -Reéktlon, elne mindestens 50-fache OberflichenvergroBerung auf,
bezogen auf das Ausgangsmaterial. Dies erlaubt einen erheblich besseren

Angriff von blologlschen und/oder chemischen La_ggungsmltteln.

)
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1. Verfahren zur Gewinnung von Metalien aus elnem arsenosulfidischen
und/oder sulfidischen Cobalt- und/oder Nickelerz oder -erzkonzentrat, bei
dem _

« das arsenosulfische und/oder sulfidische Cobalt- und/oder Nickelerz
oder - erzkonzentrat mit Schwefel oder schwefelhaltigen Arsenverbin-
dungen zu einem Reaktionsprodukt umgesetzt wird, und

. Iésllche Metalle und seltene Erden aus dem Reaktionsprodukt gelést

werden.

. Verfahren nach Anspruch 1, dadurch gekennzelchnet, dass Arsen aus dem
Reaktionsprodukt geldst wird und die am Reaktlonsprodukt angelagerten
Metalle und seltene Erden, insbesondere Gold, Sllber, Platin, PME, Nickel,
Cobalt und Zink abgetrennt werden.

. Verfahren nach Anspruch 1, oder 2, dadurch gekennzeichnet, dass dle
Metalle mit einem Bioleaching-Verfahren au$ dem Reaktionsprodukt
hérausgelbst werden.

. Verfahren nach elnem der vorstehenden Ansprilche, dadurch

gekennzelchnet, dass dle Umsetzung: In Inerter Atmosphére durchgefihrt’

wird.

. Verfahren . nach elnem der vorstehenden Anspriiche, dadurch_
gekennzeichnet, dass die Umsetzung bei elner Temperatur zwischen 50°C
und 550°C, insbesondere zwischen 350°C und 450°C erfolgt.

. Verfzhren nach einem der vorstehenden Ansprliche, dadurch
gekennzeichnet, dass dle Umsetzung durch Mikrowellenbestrahlung
unterstiitzt wird.

[ 2
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7.Verfahren nach einem der vorstehenden Anspriiche, dadurch
gekennzeichnet, dass dle Umsetzung wihrend einer Dauer von 0,5 bis 10 h,
inshesondera von 2 h bils 5 h erfolgt.

8. Verfahren nach elnem der vorstehenden Anspriiche, dadurch
gekennzelchnet, dass der Schwefel zugefihrt wird.

9.Verfahren nach elnem der vorstehenden Anspriiche, dadurch
gekennzelchnet, dass der Schwefel In festem Zustand zugefihrt wird und
dle Umsetzung bel elnem Druck von 1 bis 10 bar durchgefiihrt wird.

10. Verfahren nach Anspruch 8, dadurch gekennzelchnet, dass die Umsetzung
in einer mit Schwefeldampf geséttigten Atmosphare ablauft.

11. Verfahren nach einem der Ansprilche 1 bis 7, dadurch gekennzeichnet,
dass Schwefel In gasférmigen Zustand zugefithrt wird und die Umsetzung
bel elnem Unterdruck erfolgt.

12. Verfehren nach einem der Anspriche 1 bis 7, dadurch gekennzeichnet,
dass die Umsetzung mit elnem Schwefeiplasma erfolgt.



Procedimiento para la extraccién de cobalto y nigquel a par-
tir de minerales y concentrados de minerales

La invencién se refiere a un procedimiento para la
extraccién de cobalto y niquel a partir de minerales o con-
centrados de minerales arsenosulfurosos o sulfurosos.

Por lejos, la mayor parte de la produccién de co-
balto y niquel se obtiene a partir de minerales arsenosulfu-
rosos o sulfurosos. Aqul, el cobalto y el niquel se presen-
tan juntos o acompafiados por otros minerales metdlicos.

Entre los arsenosulfuros que contienen cobalto se-
pueden mencionar, sobre todo, la saflorita (CoAs;), la esku-
terudita (CoAs3), la arsenopirita ((Fe, Co, Ni)AsS) y la co-
baltina (CoAsS). Entre los sulfuros se puede mencionar, so-
bre todo, la lineita (Co;3S.).

Entre loe arsenosulfuros se pueden mencionar, so-
bre todo, 1la ramelsbergita ((NiAs;)}), 1la arsenopirita
(FeAsS), la gersdorfita (NiAsS) y la niquelita (NiAs). Entre
los sulfuros se pueden mencionar, sobre todo, la pentlandita
(Fe, Ni)gSg, la millerita (NiS) y la bravoita (Ni,Fe)S;.

El mineral mis ampliamente difundido entre los de
cobalto es la cobaltina y entre los de niquel la pentlandi-
ta. A raiz de ello, los mismos poseen la mayor importancia
cientifica y econfmica en el desarrollo de nuevos \pros de
extraccién.

Ambos minerales se destacan, ademis, porque con-
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tienen regularmente, depositados o disueltos, oro y platino
met8licos, otros metales raros, asi como tierras raras.

Los minerales de cobaltec arsenosulfurosoe y/o sul-
furosos son extrajidos de minerales usualmente molidos y con-
centrados mediante un \pro de flotacién para obtener un con-
centrado de minerales, donde es separada, \enp, una parte
conaiderable de los silicatos contenidos en el material mo-
lido.

El procesamiento de los minerales o de los concen-
trados de minerales se lleva a cabo, convencionalmente, me-
diante la calcinacién de los minerales, donde los sulfuros
son oxidados a alta temperatura a S0,;, quedando un residuo
de 6xidos metdlicos. Los minerales obtenidos de esta manera
pueden ser reducidos entonces mediante el agregado de carbo-
no, siendo opcionalmente purificados los metales individua-
les mediante \pros especiales.

En la actualidad, junto a los conocidos \pros pi-
rometalirgicos e hidrometallrgicos hay varios \pros para se-
parar cobalto, niquel y otros metales de los minerales o
concentrados de minerales arsenosulforosos o sulfurosos.

La expresién “lixiviacién” comprende tanto la

11 como también la lixi-

lixiviacién quimica por medio de Fe
viacién biolSgica (Bio-lLeaching) mediante microorganismos
que pueden utilizar el azufre como fuente energética. Hasta

ahora , especialmente al emplear minerales gque contienen
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hierro y cobre, una lixiviacién es posible solo en forma in-
completa.

El objetivo de la invencién es dar a conocer un
\pro mejorado para la extraccién de cobalto, niquel y otros
metales a partir de minerales y concentrados de minerales
arsenosulfurosos y/o sulfurosos.

Este objetivo se resuelve mediante un \pro en el

cual
. se hace reaccionar el mineral y/o concentrado de mine-
ral arsenosulfuroso y/o sulfuroso de cobalto y/o de ni-
quel con azufre o compuestos azufrados de arsénico para
cbtener un producto de la reaccifén, y
. ge lixivian metales solubles y tierras raras del pro-
ducto de reaccién.
Esta reaccifn estd representada por las siguientes
ecuaciones:
4 CoABS + 4 S » 4 CoS + As,S5, (1)
(Fe, Ni)gSg + S 8 » 4 NiS + 5 FeS; (2)
4 CoAs + 4 AB3S; » 4 CoS + 3 AB,.5, {3)

Se comprobdé que la cobaltina, con una conduccién
adecuada del proceso, se puede convertir en forma casi com-
pleta en CoS y rejalgar (sulfuro de arsénico rojo). Por el
contrario, la pentlandita se puede convertir casi completa-
mente en NiS y pirita. En esta reaccién se forma, a partir

de un grano de cobaltina del material molido, un grano cons-
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tituido preponderantemente por un niclec de rejalgar y una
camisa de CoS. Contrariamente a la cobaltina, a partir de
sulfuro de cobalto se puede lixiviar sin dificuitades, me-
diante procesos de oxidacién convencionales, cobalto, asi
como otros metales enriquecidos en el mismo. En el caso del
niquel se forma asimismo, a partir de un grano de pentlandi-
ta del material molido, un grano con un nicleo de pirita y
una camisa de NiS. El mismo puede ser lixiviado sin dificul-
tades utilizando procesos de lixiviado convencionales. Par-
ticularmente adecuado es el azufre en estado de agregacidn
liquido. De acuerdo a la temperatura, el azufre es liquido y
amarillo o viscoso y rojo oscuro/pardo. En la fase liquida
ge presentan traneformaciones entre azufre A , ® y H. Las
distintas formas conducen a una disminucién del punto de so-
lidificacién. Por ello, el azufre es en general liquido en
el rango de 111 °C - 444 °C, donde el punto de ebullicién es
funcién de la presién. Por ello se emplea con preferencia
este rango de temperaturas, donde es menos conveniente el
rango de aproximadamente 187 °C, dado que allfi el azufre po-
see una viscosidad particularmente elevada, la que disminuye
nuevamente a mayores temperaturas. Se prefieren, por un la-
do, temperaturas de 111 °C - 159 “C o, alternativamente, de
350 °C - 444 °C. Por supuesto que mids convenientes son las
temperaturas bajas como consecuencia del menor aporte ener-

gético a incorporar, en tanto que las temperaturas mayores
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aceleran el proceso.

Estas reacciones son exotérmicas, de manera de re-
querir un aporte energético comparativamente mis reducido
para la reaccién.

Un posible proceso para la extraccidn de cobalto o
niquel se describe mediante las siguientes reacciones

CoS + Fez(80,)3 » CoSO¢ + 2 FeSO, + 8 (4)
Ni8S + Fey{S0;)3; » NiSOy + 2 FeS0; + S (5)

El sulfato de cobalto o de niquel producido, al
igual que el sulfato de hierro, son solubles en &cidos, por
lo que se solubilizan sucesivamente, pudiendo ser separados
entre 8i y de la solucifn con una conduccién adecuada del
proceso.

En el material molido queda como residuo una mez-
cla de metales preciosos, otros metales y tierras raras, en
particular, oro, plata, platino, metalea de platino y zinc.
lo que se deposita como residuo en el fondo del tanque en el
cual se desarrolla el proceso de lixiviacién.

Mediante el nuevo \pro de bioclixiviacién, el co-
balto y el niquel puede ser extraido en forma particularmen-
te amigable con el medio ambiente y con una formacién compa-
rativamente reducida de &cido sulfdrico. En tal \pro, el
sulfuro de cobalto es oxidado en presencia de bacterias es-
peciales de acuerdo con las reacciones

CoS + O3 +» CoSO, (6)
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NiS + O; -» NiSO, (7).,
separado en solucién acuosa y sometido a electr6lisis.

La reaccidén de los minerales o concentrados de mi-
nerales se deberia llevar a cabo, con preferencia, en atmés-
fera inerte, por ejemplo, bajo nitrégeno o argén.

Como rango de temperatura preferido para la reac-
cién se ha comprobado el de 50 °C a 550 °C, en particular,
entre 350 °C y 450 °C puede proceder comparativamente rapi-
do. La duraci6én de la reaccidn es funcidn del tamafio de los
granoe Yy de la temperatura, pudiendc ser optimizada por un
egpecialista por medio de ensayos sencillos.

El proceso de reaccidn de los minerales o concen-
trados de minerales puede ser apoyado con una irradiacién de
microondas. Dado que los granos de material molido indivi-
duales son calentados en igual medida tanto interior como
exteriormente debido a las microondae, se pueden acelerar
los procesos de difusién que se llevan a cabo durante la re-
acci6n. El \pro se puede acelerar mediante este mejoramiento
de la cinética de la reaccidn.

De acuerdo con la temperatura de la reaccién y, en
cagsos dados, la intensidad de la irradiacién de microondas,
la reaccién se puede llevar a cabo en un tiempo de 0,5 h a
10 h, en particular, de 2 h a 5 h.

El azufre debe ser agregado a la cobaltina en for-
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ma estequiométrica. Esto significa que se debe realizar
usualmente un anflisis antes de la reaccién, a los fines de
determinar las cantidades de azufre que son requeridas para
acceder, en funcién del mineral incorporado, a la reaccién
de acuerdo con la f6rmula (1), (2), (3) o similares. Se debe
evitar un exceso de azufre, dado que el mismo, al enfriarse,
produce usualmente una masa pegajosa. En este caso, este-
quiométricamente significa que, referido al contenido de me-
tales del mineral o de los concentrados de mineral, précti-
camente no debe quedar azufre libre luego de la reaccién.

El azufre puede ser agregado al material molido en
estado s6lido, con lo que la reaccién del mineral o de los
concentrados de mineral puede ser llevada a cabo a tempera-
tura ambiente y con una sobrepresién de hasta 10 bar. A los
fines de impedir que se evapore demasiado azufre a la tempe-
ratura de reaccidén puede sér conveniente que la misma proce-
da en una atmd6sfera saturada de vapor de azufre.

Por otro lado, la reaccién también puede proceder,
8in agregado de azufre sB6lido y a presién reducida, en una
atmdésfera que contiene azufre gaseoso.

También es posible la reaccién con el agregado de
plasma de azufre.

También es posible la reaccién de azufre liquido
con mineral o concentrado de mineral previamente calentado,

dado que esto acelera fuertemente la reaccién y disminuye la
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formacién de subproductos.

El proceso puede ser llevado a cabo en un horno
tGnel con tres cémaras. El horno tfinel con tres cAmaras pre-
senta una primera y una tercera camara que actiian a modo de
eaclusas para la segunda clmara. La segunda cidmara del horno
estd provista de espirales calefactoras eléctricas y presen-
ta una entrada para nitrégeno o argén, los que son empleados
como gases de lavado. Ademds, la segunda cAmara puede estar
dotada de ventanas de cuarzo fundido, a loe fines de. inrto-
ducir microondas.

Experimentos han mostradoe que la reaccién se opti-
miza, en particular, mediante la irradiacién de una mezcla
de material molido y azufre con microondas que poseen una
densidad energética especifica de 8 kWh/t - 35 kWh/t con
respecto a la cantidad de material molido. Se pueden utili-
zar microondas tanto de 815 MHz como también de 2,45 MHz.

La reaccién también puede proceder en un reactor
de lecho fluido.

Scorprendentemente, mediante el \pro de acuerdo con
la invencién se pueden obtener productos escurribles, es de-
cir, el azufre agregado no conduce a una aglutinacién de los
productos de reaccién, sino que es requerido para la reac-
cién. Las aglutinaciones eventualmente producidas se pueden
quebrar f&cilmente. Como consecuencia de la porosidad gene-

rada, el producto presenta, también condicionado por la re-



accién exotérmica, una ampliacién de a lo menos 50 veces su
superficie con respecto al material de partida. Esto permite
un ataque significativamente mis fuerte de los medios de

lixiviacién biolSgicos o quimices.
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Y * Ansprlche 1 und 4; Spalte 1, Zeile 22 * 3,4,

6-10,12

Y US b 626 648 A (DUYVESTEYN WILLEM P C ET 3

AL) 6. Mal 1997 (1997-05-06)

Zusammenfassung

)

m Welare Vart/leniichungen sind der Foriastzung von Feid G 2 E Siohe Anhang Paisrttamils
» Basoncers Katagorian ven &ngagebenen VeroTantichungen - *T* Spiiare VerOwiichung, cie nach dem inlemationalen Animatisdetzm
'A" Vertflantichung. da den sAgamsian Stand dar Techr deflar, An“mmu:mmu ,mm.n“mo%:m:ﬂ“m"'. L
" Whorma Dolumars, das jodoch e am oclr nach dorn itsmasfmaken A on T Primips . Tigrnbisgandm
" g, 17 o, DI s e G VorOfeichunouamIm snar . armeron R S ahond o wadag | T o0 e

Veriitentiichung, dis sich s aine mindichs Ofonbarung, closer in wird und
sine Banuinimg, Ausstalung oder snciere MaBnahman bezisht dase Verbindung fiir ainan
vvzmmmawmmmnuﬂ nach "&° Verdfieniichung, die Migied derssiban Pelantfamile il
Dafxm das Abschiupses der iIntemationsien Racharche Abusneiscaium das idsmationaien Recharchanbaichis
15. April 2003 07/05/2003
Name und Postanecivit der lniemaiionsisn Rscherchanbehdnds Bavoimichiigier Be diensiatar
Eixopliieches Peloniami, P.8. 5618 Paleriiam 2
Te tary Tx. 31 851 eponi,
Fex (+31-70) 3403018 Bjoerk, P

Fammbialt PCTABAZYIC (Bt 2) (Jull 108)



INTERNATIONALER RECHERCHENBERICHT

Indarmal] » Aklanzaisheh
PCT/DE 02/03394

] G{Fortastzamng) ALS WEBENTLICH ANGESEHENE UNTERLAGEN

Katagorie”

. Bazalchoumg der Verdflentichung, sowell arforderiich unter Angabe dar in Beiracht lommendan Tells Batr. Arepruch Nr.

Y

DATABASE WPI
Section Ch, Week 199701
Derwent Publications Ltd., London, EB;

"Class M25, AN 1997-000006

XP002201989
& AU 17751 95 A (COMMONWEALTH SCI & IND
RES ORG), 7. November 1996 (1996-11-07)

" Zusammenfassung

EP 0 041 841 A (CATO RESEARCH CORP)

16. Dezember 1981 (1981-12-16)
Zusammenfassung

US 4 328 192 A (TOLLEY WILLIAM K ET AL)
4. Mal 1982 (1982-05-04)

+ Anspriiche 1 und 4; Spalte 4, Zelilen
51-55 *

US 3 451 804 A (MALMSTROM ROLF EINAR ET
AL) 24. Juni 1969 (1969-06-24)

das ganze Dokument

US 4 888 207 A (FLYNN JR CHARLES M ET AL)
19. Dezember 1989 (1989-12-19)

das ganze Dokument

US 4 110 106 A (FRANKIEWICZ THEODORE C)
29. August 1978 (1978-08-29)
Zusammenfassung

4

7-12

1-12

1,2

Farmbintt PCTASAR10 (Farmslnng van Blez 2) (hl 1082) .




INTERNATIONALER RECHERCHENBERICHT
Angeben i VesdTlentichngen, dis 1ur soten Pulanitamiis gehbren

amatl  AMenzekhan
PCT/DE 02/03394

Im Recharchenbericht Datten der MitgBaci{er) der Datum der
angefliries Paantdokumant Verbffentichung Patsntfarnille VerOifentichung

DE 4329417 18~08-1994 DE 4329417 C1 18-08-1994
AU 672715 B2 10-10-1996
AU 7158394 A 16~03-1995
DE 59405354 D1 09-04-1998
EP 0641864 Al 08-03-1995
ES 2113050 T3 16-04-1998
ZA 9406709 A 21-04-1995

US 4585477 29~-04-1986 SE 446276 B 25-08-1986
AU 543453 B2 18-04-1985
AU 7804181 A 07-06-1982
CA 1183689 Al 12-03-19856
DE 3166362 D1 31-10-1984
EP 0052595 Al 26~05-1982
FI 822337 A ,B, 30-06-1982
GR 76324 Al 04~08-1984
JP B7501735 T 24-09-1982
PH 16991 A 04-05-1984
SE 8008053 A 18-05-1982
WO 8201725 Al 27-05-1982
N 26181 Al 20-01-1982

US 5626648 06—-05-1997 WO 0826100 Al 18~-06-1998
AU 720713 B2 08-06-2000
AU 1288697 A 03-07-1998
BR 9612802 A 28-03-2000
EP 0948655 Al 13-10--1999

AU 1775195 07-11-1996 KEINE _

EP 0041841 16-12-1981 LS 4324582 A 13-04-1982
us 4321089 A 23-03-1982
CA 1175240 Al 02-10-1984
DE 3166290 D1 31-10-1984
EP 0041841 Al 16-12-1981
JP 1011696 B 27-02-1989
JP 1526652 C 30-10-1989
JP 57067138 A 23-04-1982

US 4328192 04-05-1982 KEINE

US 3451804 24~06-1969 FI1 43499 B 31-12-1970
DE 1558427 Al 24-09-1970
SE 324244 B 25-05-1970

US 4888207 19-12-1989 KEINE

US 4110106 29-08-1978 AU 512385 B2 09-10-1980
AU 2200377 A 17-08-1978
CA 1098713 Al 07-04-1981

Fermbisll PCTABAR1D (Anhang Petantiamila).oll 1982)




VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT
AUF DEM GEBIET DES PATENTWESENS

Absender:  DIE MIT DER INTERNATIONALEN VORLAUFIGEN

b‘

PRUFUNG REAUFTRAGTE REHORODE PCT

An

SCHEIRBER Christoph et al.

VON KREISLER SELTING WE :

Deichm haus am Dom n “ Sg[w DEIHi " Mﬂm SCHRIFTLICHER BESCHEID

P.0. Bax 10 22 41 L 1

D-50462 Kéln 2 0.AUG b0 3 . (Regel 66 PCT)

ALLEMAGNE .

&lxi7-7r e r747¢
- {
‘ { Tag/Monai//ahr ) 1970872003
Aktenyzichen des Anmelderd oder Anwalts ANTWORT FALLIG 2700
innerhal M
022392wo CS/gn Chigem Abpemedmum | A
Internstionales Aktensrichen m::::lf’l “Arrjnulﬁduum Priorititedatum ( Tug/Monait/Jahr)
[ ]
PCT/DE 02/ 03394 14/09 /2002 14/09/2001
Internationale Pamentkiassification (IPK) oder nationsle Klaanifikation und IPK
C22B1/00

Anmelder

BECKMANN, Alexander

1. Dieser Bescheid it der crate schrifiliche Bescheld der mit dey internationalen vorlfufigen Prifung besuftragten Behoirde.
2. Dieger Beschrid enthllt Angaben zu folgenden Punkten:

I [X] Grundlage des Bescheids

n ] Priosim

nI D Keine Ersteflung rines Gutachtens ber Neuhelt, erfinderische Tiltigheit und gewerbliche Anwendbarkeit

Iv  [] Mangeinde Binheltlichieit der Erfindung
v Ondete Festmellung nach 662 w)ii) hinsichtlich der Neubelt, der exfinderischen Thtigkei
m :?ubld.n Anwmlgl':‘lrnhil: mm?& Erkiirungen zur Btitzung d:m Feststellung b und der
VI [[] Bestimmte angefohrie Unteringen
Vil  [] Besimmte Mingsl der internationalen Anmeldung
vin D Bestimmie Bemperkungen zur internationalen Anmeidung
3. Der Anmeider wird sufpefordert, zu diesemn Beachekd Stellung zn nebunen.

Sprache der Andorungen siehe Regeln 663 vnd 66.9.

Hinsichtiich efner usitzilchen Maglichkeit gur Elnreichung von Andarungen dehe Regel
:I.inﬁuli:hh Verpllichtung der Prifers, E:lmnw

A bir.
Hinsichtlich einer formiosen Erérterung mit dem Prilfer siche Regel 66.6.

erntelll

4. Der Tag, m dem der internutionale vorliufige
Prafungsbericie gemill Regel §9.2 spiltestens erstellt sein mufl, ist der 14/01/2004 .

Wann?  Siehe oben genannte Frit. Der Anmelder kenn var Ablsuf dieser Frigt bel der Behlrde cine Verlingerung beantragen,
Wie? Durch mmmmsmmwmmvmhmmmua.zhrmm
Dune

864,
und/oder Gegenvarsiellungen zu berGokaichtigen, siche Regel

Wird keine Stellungnahme vingereicht, so wird der internationale vorliufige Prafungsbericht suf der Grundlage dieses Bescheids

Name und Postanschrift der mit der internationslen vorifufigen Bevollmichtigter Bediensteter
Prafung beauftragten Bchirde Profer

Pax: (+49-39) 2399.4465 Tol. (+49-89) 2199 2838

Formblatt PCT/IPEA KO8 (Deckblalt) {march 2002)

D.$0398 Moncben : 7f 0»
@) Tel. (+49-89) 21990, Tx: 523656 cprmu d gmﬁ:ﬂf'm - Q
¥ xumn-
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SCHRIFTLICHER BESCHEID Intemationales Aklenzeichen PCT/DE 02/ 03394

l.  Grundlage des Beschelds

1.  Grundlage dieses schriftlichen Bescheids sind die Anmeldungsunterlagen in der
urspriinglich eingereichten Fassung.

V. Begriindete Feststellung nach Regel 66.2(a)(ii) hinslchtlich der Neuheit, der
erfinderischen Tétigkelt und der gewerblichen Anwendbarkelt

1.  In Anbetracht der im internationalan Racherchenbericht angeflhrten Unterlagen wird
festgestelit, daB die Erfindung, wie sie in mindestens einigen von den Anspriichen
gekennzeichnet ist, die in Artikel 33(1) PCT aufgefihrten Kriterien allem Anschein nach
nicht erfolit, d.h. nicht als neu und/oder auf erfinderischer Tatigkeit beruhend anzusehen
ist (siehe intemationaler Recherchenbericht, insbesondere die mit X und/oder Y angeflhrten
Unterlagen und die entsprechenden Anspruchsnummem).

2. Reicht der Anmelder Anderungen ein, so sind die Erfordernisse der Regel 66.8 PCT
zu erflllen und es sind die Stellen in den urspringlich eingereichten Anmeldungunteriagen
anzugeben, die die Anderungen sttzen (Artikel 34 (2) (b) PCT), andemfalls kdnnten diese
Anderungen bei der internationalen vorlaufigan Prifung nicht berlicksichtigt werden.
Der Anmelder wird darauf hingewiesen, daB keiner der Ansprliche geprift wird, falls
die Anmeldung eine unndtig groBe Anzahl unabhangiger Anspriiche enthélt.

NB: Solite der Anmelder sich fir eine singehende Sachprifung entscheiden,
dann wird normalerweise direkt der Internationale Vorlaufige Priifungsbericht erstelit.
Ausnahmsweise kann ein zweiter Bescheid erstelit werden, wenn dies ausdricklich beantragt wurde.

Formblatt PCT/408A0D1 (EPA-03-2002) P20720
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Patentanwdiilt Pat nt Att rneys
voN KREISLER SELTING WERNER
Deichmannhaus am Dom
D-50667 KOLN

Patentanwiilte

OipL-Cham. Alek von Krelsiar

Dipl:ing. Qdnther Saiting

Europédlsches Patentamt Dipl.-Chem. Dr. Hana-Kareten Wermer
Dipl.-Chern. Dr. Johann F. Fues

Erhardtstr. 27 Dlpl-ing. Georg Dalmeyer

Dipl-ing. Jochen Hlleringmann

von Kreisler Seiting Wemer - BMCh 1525 41 . D50482 Kain

. DipL-Chem. Dr. Hana-Peter J&nason
80331 Miinchen Dipl.-Chem. Or. Hans-Wilhelm Meyers
DipL-Chem. Dr. Thomaas Weaber
Dipt-Cheam. Dr. J8rg Halbing
DiplL-ing. Alaxander van Kirachbaum
Dipl.-Chem. Dr. Christoph Schwelbar

Our Ref.: September 09, 2003
022392wo/CS/tg

PCT-Application PCT/DE02/03394
Alexander Beckmann

Hiermlt wird um eine sog. detaillierte Priifung gebeten.

Es wird weiterhin gebeten, elnen 2. schriftlichen Bescheid auf der Grundlage der
detalllierten Prifung zu eriassen.

Der Patentanwalt

(Dr. Meyers)

Talefon: (0221) 918520 - Telefax: (0221) 134297 - Telefax: (@ W) (0221) 8120301 - eMal: mall@dompatent.de

L
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VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM’b\{'

GEBIET DES PATENTWESENS

Absender: MIT DER INFERNATIONALEN VORLAUFIGEN
PRUFUNG BEAUFTRAGTE BEHORDE

An i PCT
SCHEIRBER Christoph et al. ' \./\ [, (- C

BECKMANN, Alaxander

VON KREISLER SELTING WERNRER ID " L‘IWl]HM
Deichmannhaus am Dom #|Sa| W |Daj Hi SCHRIFTLICHER
e ) FLICHER BESGHEID
D-50462 K3In ege
ALLEMAGNE 01.0KL.20D3 y
i
. o e A r}
K ’f'ﬁf : "t.'Alzsehdﬂmmrf 1
{TagMonatlakr) 30.09.2003

Axtanzeichen des Anmeiders oder Anwalts ANTWORT FALLIG  innerhalb von2 Monat{en)
022382wo CSAn ab obigem Absandedatum
Imamationales Aktenzeichen intemationalss Anmeidedaturn (TagMonalliahr) | Priortitsdatum (Tagionatiiahr) ¢
PCTDE02033b64 14.08.2002 14.00.2001
Intamationale PatentidasaifTkation {IPK) oder nationale Klassiftkation und 1PK
C2281.00 ‘
Anmaldar

Behdrde.
2. Diessr Bescheld enthéiit Angaben zu folgenden Punkien:

Vil 00 Bestimmte Bemerkungen zur intemationaien Anmeldung

3. Der Anmelder wird aufgefordert, 2u dissam Bescheid Stellung zu nahmen.

Wann? Slehe oben genannte Frist. Der Anmeider kann vor Ablauf dleser Frist bel der Bahdrde eina
Verlingenmg beantragen, sishe Regel 68.2 d).

Wis? Durch Elnrolclwn&:her schiifiiichen Stellungnahme und gegebenentalis von Anderungen
nach Regel 66.3. 2u Form und Sprache der Andenungen, sishe Repeln 86.8 und 86.9.

Dazu: Hinsichtiich elner zusatziichen Magiichkelt zur Elnreichung von Andamungen, slahe Regel 88.4.
Hinsichtlich der Verpflicitung des Priifers, Andemngen undbder Geganvorsieliungen zu berlckaichtigen,
sleha Regel 68.4 bia.

Hinsichtiich einer formiosen Erdtarung mit dam Prifer, slehe Regel 88.8,

arsiail.

4, Der Tag, an dem der Internationale voridufige Prifungabericht
gemaB Aegel 8.2 spatestens erstellt sein muB, iat der: 14.01.2004

1.  Dileser Bescheld Ist der zweite schriftliche Bascheld der mit der intemationalen voriaufigen Prifung beauttragten

| ® Grundiage des Beschelds

I O Prioritat

Il [0 Keine Erstellung sines Gutachtens Gber Neuhelt, erfinderische Tatigkelt und gewsrbliche Anwendbarkelt

IV [J Mangeinde Einheltiichkelt der Erfindung

V [ Begrindete Feststellung nach Regel 86.2 aii) hinsichtiich der Neuhelt, der erfindarischen Tatigkait und der
gewerblichen Anwendbarkait; Unteriagen und Erikiarungen zur Stiitzung dieser Feststellung

V! [J Bestimmte angefdhrie Umenagen

VI O Bestmmte Mingel der Intarnationalen Anmeldung

Wird keina Stellungnahme elngereicht, 80 wird der Intamalionale voriiufige Prifungsbaricht auf der Grundiage diasas Bescheldes

Name und Postanschrift der mii der Inlemationalen Prifung Bevoliméchtgter Badiensteter
boauftragton Behdrde .
: B Bjoerk. P
Etgggmg:mgl:nmml Formalsachbearbelier {elnechl. Frisiverlangarung)
Tel. +49 89 2389 - 0 Tx: 523856 epmu d Novoa, C
Fax: +49 83 2309 - 4485 Tel. +49 B9 2399-2718

Formblatt PCTAPEA/408 (Deckbiatt) (Januar 1994)
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SCHRIFTLICHER BESCHEID Internationales Aktenzeichen PCT/DE02/03394

l. Grundlage des Bescheids

1. Hinsichtlich dar Bestandtelle der internationalen Anmeldung (Ersatzblatter, die dem Anmeldeamt aul eine
Aufforderung nach Artikel 14 hin vorgelegt wurden, gelten im Rahmen dieses Bescheids als “urspringlich
eingereicht”):

Beschrelbung, Seiten
1-8 _in der urspringlich eingereichten Fassung

Anspriiche, Nr.
1-12 in der urspriinglich eingereichtan Fassung
2. Hinsichtlich der Sprache: Alle vorstehend genannten Bestandtsile standen der Behorde in der Sprache, in der

die intemationale Anmeldung eingereicht worden ist, zur Verigung oder wurden i in dieser eingersicht, sofem
unter diesem Punkt nichts anderes angegeben ist.

Die Bestandtaile standen der Bahérde in der Sprache:  zur Verfligung bazw. wurden in dieser Sprache
singereicht; dabai handelt es sich um .

O die Sprache der Ubersetzung, die tiir die Zwecke der intemationalen Recherche singereicht worden ist (nach
Regel 23.1(b)).

O die Verdifentichungssprache der intemationalen Anmeldung (nach Regel 48.3(b)).

O die Sprache der Ubersetzung, die fOr die Zwecke der intemationalen voriaufigen Prifung eingereicht
worden ist (nach Regel 55.2 undbder 55.3).

3. Hinsichtlich der in der internationalen Anmeldung offenbarten Nucleotid- undfoder Aminosauresequenz ist die
internationale voriiufige Priifung auf der Grundlage des Sequenzprotokolls durchgefGhrt worden, das:

in der intematic;nalen Anmeldung in schriftlicher Form enthakten ist.

zusammen mit der intemationalen Anmeldung in computeriesbarer Form eingereicht worden ist.
bei der Beh&rde nachtriglich in schriftlicher Form eingereicht worden ist.

bei der Beh&rde nachtrdglich in computeriesbarer Form eingereicht worden ist.

Die Erkidrung, daB das nachtraglich aingereichte schriftliche Sequenzprotokoll nicht dber den
Ofienbarungsgehalt der internationalen Anmeldung im Anmeldezeitpunkl hinausgeht, wurde vorgelagt.

Die Erklirung, daf die in computeriesbarer Form eriassten Informationen dem schrittiichen
Sequenzprotokoll entsprechen, wurde vorgelegt.

O dogooOoaon

4, Aufgrund der Anderungen sind folgende Unteriagen fortgefalien:

O Beschreibung, Seiten:
O Anspriche, Nr.:
O Zeichnungen, Blatt:
5. 0 Dieser Bescheid ist ohne Beriicksichtigung (von einigen) der Anderungen erstellt worden, da diese aus den

angegebenen Grinden nach Auffassung der Behérde iber den Oftenbarungsgehalt in der urspringlich
singereichten Fassung hinausgehen (Regel 70.2(c)).

(Auf Ersatzblitter, die solche Anderungen enthalten, ist unter Punki 1 hinzuweisen; sie sind diesem
Bescheid beizufagen.)

Formblatt PCTAPEA/408 (Jull 1999)
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SCHRIFTLICHER BESCHEID Intemationales Aktenzeichen PCT/DE02/03394

6. Etwaige zusitzliche Bemerkungen:

V. Begriindete Feststellung nach Regel 66.2(a)(ii) hinsichtlich der Neuheit, der erfinderischen Titigkeit und
der gewerblichen Anwendbarkeit; Unterlagen und Erklirungen zur Stiitzung dieser Feststellung

1. Feaststeliung
Neuheit (N) Anspriche Nain: 1,2,4,5,8,9,11 Ja: 3,6,7,10,12
Erfinderische Tatigkeit (IS) Anspriche Nain: 1-12 -
Gewaerbliche Anwendbarksit (JA) Anspriche Ja: 1-12

2. Unterlagen und Erklérungen:

slshe Beiblatt

Formblatt PCYAPEA/408 (Jull 1899)
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SCHRIFTLICHER BESCHEID Internationales Akienzeichen PCT/DE02/03394
BEIBLATT

1.  Die Anmeldung bezieht sich auf der Gewinnung von Cobalt und Nickel aus
arsenasulfidischen oder sulfidischen Erzen.

2. Es wird auf die folgenden Dokumente verwiesen:

D1 =US-A4 585 477

D2 = DE-C-43 29 417

D3 = DATABASE WPI Section Ch, Week 199701 Derwent Publications Ltd.,
London, GB; Class M25, AN 1997-000006 & AU 17751 95 A (COMMONWEALTH
SCI & IND RES ORG), 7. Novemnber 1996 (1996-11-07)

D4 = US-A-5 626 648

D5 = EP-A-0 041 841

D6 = US-A-4 328 192

D1 beschreibt ein Verfahren zur Gewinnung von Kupfer und Nickel aus
sulfidischen Erze wie Pentlandit (Sp.1, Z.22) bei dem das Erz durch Sulfatierung
mit 2.B. Schwefeldioxid (Anspruch 4) zu einem Reaktionsprodukt umgesetzt wird
und Idsliche Metelle wie Kupfer und Nickel aus dem Reaktionsprodukt geldst
werden (Anspruch 1).

D2 beschreibt ein Verfahren zum Rosten refrakidrer Golderze wie Arsenopyrite
(S.2, 2.6) bei dem das Erz mit Schwefel in oxidierender Atmosphére bei einer
Temperatur von 450 bis 650°C gerdstet wird (Anspruch 1). Nach der Rostung folgt
eine Laugung, um das Gold auszubringen (5.2, Z.11-12).

D3 lehrt, daB beim Roésten von sulfidischen Erzen wird die oxidierende Atmosfare
inert durch Reaktion mit dem Schwefel (Zusammenfassung).

D4 beschreibt ein Bioleaching-Verfahren zur Gewinnung von Nickel aus
sulfidischen Erzen oder -erzkonzentraten (Zusammenfassung).

D5 beschreibt eine selektive Heizung durch Mikrowellenenergie von sulfidischen
Erzen, die zu siner Verbesserung der Gewinnung von Metallen beitragt

(Zusammenfassung).

D6 beschreibt ein Verfahren zur Gewinnung von Nickel aus Laterit-erzen bei dem

Formblatt PCT/Baiblatt/408 (Blatt 1) (EPA-April 1097)



TRATADO DE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES

Remitente: EL ORGANISMOQ ENCARGADO DEL EXAMEN PRELIMINAR INTERNACIONAL

A
SCHREIBER Christoph et al. PCT
VON KREISLER SELTING WERNER
Deichmannhaus am Dom INFORME ESCRITO
P.O. Box 10 22 41
D-50462 Colonia (regla FCT N° 66)
ALEMANIA

[Fecha de envio

{dia/mez/aio)

19/08/2003

[Referencia del Solicimnte o Agente Vencimienio de contestacion
dentro de los 2/00 meses/diss a partir
022392wo0 G3/gn de I fecha de envio indicads amiba
[ Referencia Internacional "Fecha de Presentacion Intemacional Fecha de Prioridad
(din/mes/niio) {dla/mex/afto)
PCT/DE 02/03394 14/09/2002 14/09/2001

Clasifieaciim Internacional de Paiente {CIF) o CIasificacion Nacional y CIP
C2281/700

Suliciane:

Backmann, Alexander

Esie informe es el primer informe escrito del organismo encargado del Examan Preliminar.
2.  Este informe conticne indicacioncs sccrea de los siguientes puntos:
I [ Fundamentos del informe

I Prioridad
m Ninguna elaboracién de un dictamen sobre novedad, sctividad inventiva y aplicabilided industrial.
v Unifwmidad insatisfactoria de s invencidn,

v E Detcrminacidn fundnda scgdn la repla 66.2 a)ii), desde el punto de vista do la novedad, de |a actividad
inventiva y de in oplicabilidad induatrial; antecedentes y aclaraciones para apoyar esia detarminacidn.

vi Antecetdentes definidos citdos.
viI Falencias definidos de I Solicitud Internocional.
Vil Obsorvacioncs definidas g 1a solicitud Internacional.

). Elmliciunte cs latimado a tomar peslrddn con respecto a esie informe.
:Cudndo? Ver el plazo mencionado arribe. Bl solicitante puede geslionar, antes del vencimieniode este plazn,
una posicrgacidn ante la sutoridad.
4{Cimo?  Mediante In presentacién por eacrito de una posicidn y, en casos dados, do modificaciones segiln
Ia regla 66.3. Acerca de la forma ¢ idioma de las modificaciones, ver reglas 66.8 y 66.9.
Pam cflo: Desde of punto de vista de una posibilidad adicional pare a presentacion de modificacionas, ver
regla 66.4.
Desde ¢l punto de vista de la obligacién del examninador de tomar en consideracién modificaciones
y/u objeciones, ver regla 66.4 bis.
Desde el punto de visi de una conversacién informal con el examinador, ver regia 66.6.
S no se presenta una posicldn, ¢l informe del Examen Preliminar imemacional serd confeccionado findado en este informe.
4,  Eldia en ¢l cunl debe estor s mis tardar confeccionado el informe de Examen Preliminar Internacional, segiin regln 69.2, es el
14/01/2004.,

ombre y Direccién Postal del Organismo encargado del Fimcionario Apodersdo
Examen Preliminar Internagionsl
Eurupeisches Patentami Exsminador
D-80298 Munich Encargadn Tormal
Tel. (+49-89) 23990, Tx: 523656 eprru d (incl. prolongecidn de plazo)
Tel: (+49-89) 1399-2828




INFORME ESCRITO Referencia Internacional: PCT/DE 02/ 03394

l
1.

V.

Obs.:

Fundamentos del iInforme

Fundamento de este Informe escritc es la documentacidn de la soliciiud en su
presentacion original.

Determinacién fundada segin Ia regla 66.2 a)ll), desde el punto de vista de la
novedad, de la actividad Inventiva y de la aplicabllidad Industrial; documentacién y
aclaraciones para apoyar esta detarminacién.

Se comprobd, tenlendo en cuenta la documentacion incorporada por medio det informe
de Blsqueda Intemaclional, que la invencitn, tal como esté caracterizada en a lo menos
algunas de las relvindicaciones, aparentemente no cumple con criterios indicados en el
articulo PCT 33(1), ea decir, no se puede considerar basada en una novedad y/o en una
actividad Inventiva (ver Informe de Bisqueda Internacional, an particular, la
documentacidn indicada X y/o y los correspondientes nimeros de relvindicacion).

Si el solicitante presenta modificaciones se deben cumplir los requisitos de la regla PCT
66.8, debiéndose indicar sus posiciones en la documentacién de [a solicitud presentada
origihaimente y que apoyan las modificaciones (articulo PCT 34 (2) (b)); en caso
contrario, estas modificaciones no pueden ser tomadas en cuenta en al informe del
Examen Preliminar Internacional. Se hace saber al solicltante que no se axamina ninguna
de las reivindicaciones en caso de que ia solicitiud contenga una cantidad
innecesariamente grande de reivindicaciones Independientes.

En el caso de que el solicitante se decida por un examen técnico detallado, usualmente
sa elabora directaments el Informe de Examen Preliminar Intemacional.
En casos excepcionales se puede elaborar un segundo informe sl es soliciado

exprasamente.

Formulario PCT/408AD1 (EPA-03-2002) P20T2X0
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9 de septiembre de 2003
Solicitud de PCT PCT/DE02/03394

Alexander Beckmann

Por medio de la presente se solicita un denominado
Examen Detallado.
Asimismo se solicita elaborar un segundo informe

escrito basado sobre el Examen Detallado.

El Agente de Patentes

(Fdo.)



TRATADO DE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES

Remitente:  EL ORGANISMO ENCARGADO DEL EXAMEN PRELIMINAR INTERNACIONAL

A
SCHREIBER Christoph et al. pCT
VON KREISLER SELTING WERNER
Deichmannhaus am Dom INFORME ESCRITO

P.O. Box 10 22 41

D-50462 Colonia (regha FCTN"66)
ALEMANIA
Fecha de envio
(din/mex/anio)
30/09/2003
Referencia del Solicitanio o Agenie Vencimienio de contestaclon
dentro de los 2 meses/dias a partir de Iz fecha
022392wo CS/gn de envio indicada arriba
Referencia Intornocional Fechs de Presentacion Internacional Fecha & Prioridad
_EJ (din/mes/aio) (din/mex/aito)
PCT/DE 02/03394 14/08/2002 14/09/2001
Clnsificacion Internacional de Patente (CIP) o Clasificaciin Nacional y CIP
€2281/00

Soficiante
Beckmann, Alexander

1. Estc Informe cs ol segundo Informe escrito del arganiamw encargado del Examen Preliminar,

2.  Eateinforme conticno indicociones acerca de los signientes puntoa:
1 Fundamentos del informe

1 Prioridad
1m Ninguna claborucién de un dictamen sokre novedad, actividad inventiva y aplicabilidad industrial.
v Uniformidad insatisfactoria de la invencién.

vV N Determinacién fundada segin la regla 6.2 n)ii). desde el punto de visia de Ia novedad. de 1a actividad inventiva
y de In aplicubilidad industrisl; documenmeidn y acloraciones para apoyar esta determinacian.

Vi Documentocién definidn citadn.
Vil Fulencias definidas de 1a Solicitud Internacional.
Vil Observaciones definidas a Ia solicitud Internacional.

3.  El solicitenie es intimado s tomar poslcidn con respecto a este informe.

iCudndo? Ver el plazo mencionado arriba. El solicitanie puede gestionar, antes del vencimientode este plazo, una
extengidn ante la mutoridad.
iComo? Medianie la presentocidn por escrito de una posicidn y, en casos dados. de modificaciones segiin la regla

06,3, Acurca de 1a form e idioma de lag mixtificaciones, ver reglas 66.8 y 66.9.

Para ello: Deusde el punto de visin de una posibilided adicional pam I prescnincién de mudificaciones, ver regin 86.4.
Desde el punto de vista de Ia obligacidn det examinador de tomar en cansideracidn modificaciones y/u
objeciones, ver regla 66.4 bis.

Desde el punto de vista de uns conversacidn informml con el examinador, ver regln 66.6.
Sl np se preseats una posiddn, el informe del Examen Preliminar Internacional serd elaborado fundado en este informe.

4.  El d% en c! cual debe estor @ mis tantar clabomdn el informe de Examen Preliminar Internacional, segim regla 69.2, es el

14/01/2004
‘Nombre y Dircccidn Postal del Organismo encargada del Funcionuric Apoderado
Exafmen Preliminar [nwmaciong|
Hurupeisches Patcntamt Bjoerk, P.
D-8029¢ Munich formal (Incl. exienddn de plazo)
Tel. (+49-89) 2399-0, Tx: 523656 cprmu d Navoa, C.
Fax: (+49-89) 2399-4465 Tel: (+49-89) 2399-2828

“Formulanio PG 17IPEA/DS (carktula)(marzo 2002)
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INFORME ESCRITO Referencia Intemacional: PCT/DE 02/ 03394

. Fundamentos del informe

1. Desde el punto de vista de los componentes de la Solicliud Intemacional (/as haojas de
reemplazo que fueron presentadas al organismo como requisito segun el articulo 14 son
véiidas como ‘preseniadas originalmente” en el marco de este informe).

Descripcidn, piginas

1-8 en @l texto presentado originaimente.
Relvindicaclones, N°

1-12 en ol texto presentado originaimente.

2. Desde el punio de vista del Idioma: todos los componentes mencionados anteriormente
estaban a disposicidn del organismo en el idioma en el cual fue presentada la solicitud
intemacional o fueron presentados en la misma en tanto bajo esta punto no si indique
otra cosa.

Los componentes estaban disponibles para el organismo en el idioma: o fueron
presentados en este Idioma; aqul se trata de:

ol Idioma de la traduccion que fue presentada a los efectos de la bisqueda intemacional
(segan regla 23.1 b)).

el idioma de la publicaclon de la solicitud internacional (segan regla 48.3 b)).

el Idioma de la traduccién presentada a los efectos del Examen Preliminar Intemacional
(segln regla 55.2 y/o 55.3).

3. Desde el punto de vieta de la secuencia de nucledtidos y/o de aminoicidos reveleda en
la solicitud internacional, el Examen Preliminar Intemacional fue llevado a cabo basado
sobre el protocolo de secuenclas, ol Que:

asth contenido por ascrito en la solichud intamacional.

fue presentado en forma lalble por computadora junto con la sollcitud internacional.

fue presentado postsriormente en forma escrita ante el organismo.

fue presentado posteriormente en forma lelble por computadora ante el organismo.

sa presentd la declaracién de que el protocolo de secuenclas presentado posteriormente
por escrito no excede el contenido revelado en la solicitud intemacional en el momento
de la presentacion.

la declaracion de que las Informaciones vertidas en forma lelble por computacion se
corresponden con el protocolo de secuencias escrito.

4. Como consecuencla de las modificaclones caduct la siguiente documentacion:



Descripcién, paginas:

Reivindicaciones: N©;

llustraciones, péglinas:

Ests informe fue elaborado sin tomar en cuenta (algunas de) las modificaciones, dado
que las mismas, segin opinion del organismo y por los motivos indicados, exceden el
contenido revelado en el taxto presentado originaimente (regia 70.2(c}).

(Con respecio de las hojas de memplazo que, segin el punto 1, contisnen lales
modificaciones, deben ser indicadas, deben ser adjuntadas a este informe).

Otras observaciones adiclonales:
Determinacién fundada segin Ia regla 66.2 (a} Il), desde el punto de visia de la

novedad, de la actividad Inventiva y de Ia aplicabllidad Industrial; documentacién y
aclaraclones que apoyan esta determinacién.

Determinacion
Novedad {N) Reivindicaclones No: 1, 2,4, 5,8, 9, 11; S1: 3,6, 7,9, 12.
Actividad inventiva Relvindicaciones No: 1 - 12.

Aplicabilidad industrial Reivindicaciones SI: 1 —12.
Documentecidn y aclaraciones

Ver Anexo



INFORME ESCRITO Referencia Intemacional: PCT/DE 02/ 03394
Anexo

1.

La solicitud se refiere a la extraccidn de cobalto y niquel a partir de minerales
arsenosulfurosos o sulfurosos.

Se hace referecla a los siguentes documentos:

D1= US-A4585477

D2= DE-C-4329 417

D3= DATABASE WPI Section Ch, Week 199701 Derwent Publications Ltd., London, GB,
Class M25, AN 1897-000006 & AU 17761 95 A (COMMONWEALTH SCI & IND
RES ORG) 7 November 1996 (1996-11-07)

D4=  US-A-5 626648

D5= EP-A-0041841

DB=  US-A-4 328 182

D1 describe un procedimiento para la extraccién de cobre y niquel a partir de minerales
sulfurosos como la pentlandita (pég. 1, rengion 22) en el cual se sulfata el mineral con, por
ejemplo, didxido de azufre (reivindicaclién 4) y se lixivian los metalas solubles como el cobre
y @l niquel del producto de la reacclén (reivindicacién 1)..

D2 describe un procedimiento para la calcinaclén de minerales refractarios de oro como la
arsenoplirita (pég. 2; rengién 6) en el cual el mineral es calcinado con azufre en una
atmésfera oxidante a una temperatura de 450 °C a 650 °C (reivindicacién 1). Luego de la
calcinacldn se lleva a cabo una lixiviacién, para extraer el oro (pag. 2, renglones 11-12).

D3 ensefia que, en la calcinacidn de minerales sulfurosos, la atmésfera oxidante se convierte
en Inerte por la reaccldn con el azufre (resumen).

D4 describe un procedimiento de blolixiviacién para extraer niquel a parlir de minerales o
concentrados de minerales sulfurosos (resumen).

D5 describe un calentamiento selectivo de minerales sulfurosos medlante energla de
microondas, lo que aporta 8 un mejoramiento de la extracclén de metales (resumen).

D6 describe un procedimiento para la extraccion de niquel a partir de minerales de lauterita
en el cual se trata con azufre elemental en estado sdlido, liquido o gaseoso a 360 °C — 800
°C durante a lo menos 20 minutos. continuaclén se lixivian los metales solubles del producto
de la reaccion {reivindicaciones 1, 4; pag. 4, renglones 51-55).

Novedad

Los atributos de las relvindicaciones 1, 2 y 11 se pueden tomar directamente da D1.

Los atributos de las relvindicaciones 1, 2, 5, 8 y 9 son conocidos por medio de D2.

La atmésfera inerte reivindicada en ia reivindicacién 4 existe automaticaments en D2 por la
presencla de oxigeno y azufre. Esta enseflanza también se puede tomar claramente de D3.

De esta manera, de acuerdo con &l articulo 33 (2), las reivindicaciones 1, 2,4, 5,8,8y 11 no
son novedosas.
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4. Actividad inventiva

Los atributos de las relvindicaclones secundarias 3 y 8 a 12 pertenecen a pasos de proceso
conocidos en la extraccion de metales a partir de minerales sulfurosos.

Asl, es evidente para el especialista un procedimiento de blolixiviacién tal como el conocido
por medio de D4 utliizado como método para la lixiviacidbn de metalas en el producto de
reacclon de D1, dado que ambas publicaclones se refieren a minerales sulfurosos de niquel.

De manera similar, el apoyo de la cealcinacion de minerales sulfurosos por medio de
microondas es conocldo a través de D5 y evidente para el especlalista cuando desea
mejorar la extraccitn de metales.

La duracién de la reaccién con azufre no esté expresamente descripta en D1 y D2. No
obstante, una duracién de 0,6 h a 10 h es una duracién usuail en un paso de proceso de tal
tipo. Esto tamblén se puede apreciar an D8, el que trata de minerales no sulfurosos (laterita)
pero comprende los mismos pasos que la presente soliclud.

D6 describe tamblén el agregado de azufre en diversos estados. Dado que D6 se puede
combinar muy bien con D1 y D2, puesto que todos se refleren al agregado de azufre para
mejorar la extraccikdn de metales, no se puede aprecler una actividad Inventiva en los
atributos de las relvindicaclones secundarfas 8 a 12.

Asl, los objetos de las relvindicaciones 3 y 6 a 12 no son inventivos segtn el articulo PCT 33
(3)-
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"' VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM ‘ﬁ’
: GEBIET DES PATENTWESENS

Absender: MIT DER INTERNATIONALEN VORLAUFIGEN

PRUFUNG BEAUFTRAGTE BEHORDE

f
.. PoT b

- el

SCHEIRBER Christoph et al. T i .
M TEILUNG UBER DIE‘UBERSENDUNG
03  DHS INTERNATIONALE FIGEN

N e "wival ki
VON KREISLER SELTING WERNER'- - (¥
Deichmannhaus am Dom

.0O. Box 10 22 41 . U

PO ox 10 2 12.01.2003 PRUFUNGSBERICHTS .

ALLEMAGNE eI (Regel 71.1 PCT) 1/ ~
\ Abssndedatum V

(TagMonatliahr) 11.12.2003

Akisnzelchan des Anmealders oder Anwaits

022392wo CShn WICHTIGE MITTEILUNG

Inlamsﬂon.alos Aktanzeichen Intemationales Anmekiadatum (Taghfonatiahr) Priorititsdatum (TagMonatlliahr)

PCTDED203384 14.08.2002 14.08.2001

Anmalder

BECKMANN, Alexander

1. Dem Anmelder wird mitgeteilt, da3 ihm die mit der intemationalen vorldufigen Priifung beauitragte Behdrde
hiermit den zu der intemationalen Anmeldung erstellien intemationalen vorlaufigen Prifungsbericht,
gegebenenfalls mit den dazugshdrigen Anlagen, Gbemmittelt.

2, Eine Kopie des Berichts wird - gegebenenfalls mit den dazugehorigen Anlagen - dem Internationalen Biro
zur Waelterleltung an alle ausgewdahiten Amter Gbarmitteit.

3. Auf Wunsch gines ausgewdhiten Amts wird das Intemationale Biro eine Ubersetzung des Berichts (jedoch
nicht der Anlagen) ins Englische anfertigen und diesern Amt dbermittein.

4. ERINNERUNG

Zum Eintritt in die nationale Phase hat der Anmelder vor jedem ausgewahiten Amt innerhalb von

30 Monataen ab dem Priorit&tsdatum (oder in manchen Amtern noch spéter) bestimmte Handlungen
{Einreichung von Ubersetzungen und Entrichtung nationaler Gebithren) vorzunshmen (Artikel 39 (1)) (siehe
auch die durch das Intemationale Blro im Formblatt PCTABS01 Obemittelte Information).

Ist einem ausgewdhiten Amt eine Ubarsetzung der inlemationalen Anmeldung zu dbermitteln, so muB diese
Ubersetzung auch Ubersetzungen aller Anlagen zum internationalen voridufigen Prifungsbericht enthalten.
Es ist Aufgabe des Anmelders, solche Ubersetzungen anzufertigen und den betroffenen ausgewahiten
Amtern direkt zuzulelten.

Waeltere Einzelhelten zu den maBgebenden Fristen und Erfordernissen der ausgewahiten Amter sind Band i
des PCT-Leitfadens fir Anmelder zu entnehmen.

Der Anmelder wird auf Artikel 33(5) hingewiasen, in welchem eridart wird, daB die Kriterien fir Neuheit,
erfinderische Tatigkeit und gewerbliche Anwendbarkeit, die im Artikel 33(2) bis (4) beschrieben werden, nur
far die intemationale vortAufige Prifung Bedeutung haben, und daB "jeder Vertragsstaat (...) fOr die
Entscheidung Ober die Patenti&higkeit der beanspruchten Erfindung in diesem Staat zusétzliche oder
abwaeichende Markmale aufstellen® kann (siehe auch Artikel 27(5)). Soiche zusatzlichen Merkmale kdnnen
z.B. Ausnahmen von der Patentierbarkeit, Erfordemisse fOr die Offenbarung der Erfindung sowie Kiarheit
und Stiitzung der Anspriiche betreffen.

Name und Postanschrift der mit der Intemnationalen Prlfung Bevolimichiigier Bediensteter

beaufiragian Behdrde

Eurcpdisches Patentami

D-80288 Minchan

Tel. +49 88 2388 - 0 Tx: 523856 epmu d
Fax: +40 BO 2300 - 4485

Novoa, C
Tal. +49 B9 2399-2718

Formblatt PCTAPEA/416 (Jull 1992)
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© VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM 4X
GEBIET DES PATENTWESENS

PCT

INTERNATIONALER VORLAUFIGER PRUFUNGSBERICHT

(Artikel 36 und Regel 70 PCT)

Aktenzeichen des Anmeiders oder Anwalta siehe Mitteitung Ober dle Ubersandung des inlemationalen

022392wo CSgn WEITERES VORGEHEN variduligen Pridfungsberichis (Farmblatt PCTAPEAM18)

Iimemationalas Aldenzeichen intemationales Anmaldedatum (Tagidonailialy) | Priodtitedatum (TapMonatiiahr)

PCT/DE0203394 14.09.2002 14.09.2001

intamationale Patenikiassifikation {IPK) oder nationale Klassifiikkation und IPK

C22B8100

Anmeider

BECKMANN, Alexander

1. Dieser Internationale voridufige Profungsbericht wurde von der mit der Internationalen voridufigen Prifung
beauftragten Behdrde eretellt und wird dem Anmelder geman Artikel 35 dbermittalt. .

2. Dieser BERICHT umlaBt Insgesamt 4 Biatter einschiieBlich dieses Deckblatis.

B  AuBerdem llegen dem Bericht ANLAGEN bel; dabel handelt es sich um Blatter mit Beschrebungen, Anspriichen
undbder Zsichnungen, die gedindert wurden und diesem Bericht zugrunde liegen, undbder Blatier mit vor dleser
g(a:l%rdn vorgenommenen Berichtigungen (siehe Regel 70.18 und Abschnitt 807 der Verwaltungsrichtiinian zum

Dlese Anlagen umfassen Insgesamt 1 BiAtier,

3. Dieser Bericht enthalt Angaben zu folgenden Puniden:

| B Grndiage des Beschekds

I 0O Prioritat .

Il O Keine Erstellung sines Gutachtens Ober Neuhelt, erfinderiache Tatigkeit und gewarbliche Anwendbarkelt

v 0O Mangeinde Einheltiichkeit der Erindung

V B Begrindete Fesistellung nach Regel 86.2 a)li) hinsichtiich der Neuhalt, der erfinderischen Tatigkeit und der

gewaerblichen Anwendbarkelt: Unterlagen und Erkiirungen zur Stitzung dieser Feststellung

VI 0O Bestimmie angefahrte Untsrlagen

VIl O Besttmmis Mangal der Intematlonalen Anmeidung

Vil (1 Bestimmie Bemerkungen zur Internationalen Anmeldung

Datum der Etnréichung des Antrags Dafum der Ferigstellung dieses Barichte
10.04.2003 11.12.2003
Neme und Postanschrift der mit der Intemationalen Prilfung Bevollimichtigter Badlonsleter
beavfiragten Behdrde

Europlleches Patentamt

D-B0268 MOnchen Bjoerk, P

Tal. +49 80 2399 - 0 Tx: 523856 epmu d

Fax: +4B 80 - 4485 Tei. +49 80 2300-8452

Formbiatt PCTAPEA/400 (Deckblatt) (Januar 1964)
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INTERNATIONALER VORLAUFIGER
PRUFUNGSBERICHT Intemationales Aktenzeichen PCT/DE02/03394

Grundlage des Berichts

1. Hinsichtlich der Bestandtelle der intemationalen Anmeldung {Ersatzbiitter, die dem Anmeldsamt auf eine

Aufforderung nach Artikel 14 hin vorgelegt wurden, geiten im Rahmen dieses Berichls als “urspringlich
eingereicht” und sind ihm nicht beigefdgt, weil sie keine Anderungen anthalten (Regein 70.16 und 70.17)).

Beschrelbung, Seiten

1-8 in der urspringlich eingersichten Fassung

Anspriche, Nr.

7-12 in der urspringlich eingereichtan Fassung

1-8 eingegangen am 02.12.2003 mit Schreiben vom 01.12.2003

Hinsichtlich der Sprache: Alle vorstehend genannten Bestandteile standen der Beh-mde in der Sprache, in der
die internationale Anmeldung eingereicht wordan ist, zur Verfiigung oder wurden in dleser eingereicht, sofern
unter diesem Punkt nichts anderes angegeben ist.

Die Bestandteile standen der Beh&rde in der Spracha:  zur Verfdgung bzw. wurden in disser Sprache
eingereicht; dabei handalt es sich um:

O die Sprache der Ubersetzung, die fir die Zwecke der intemationalen Recherche singereicht worden ist (nach
Rege! 23.1(b)).

O die Verdffentlichungesprache der intemationalen Anmeldung (nach Regel 48.3(b)).

O die Sprache der Ubersetzung, die fdr die Zwecke der intemationalen vorliufigen Prilfung eingereicht
worden ist (nach Regel 55.2 undloder 55.3).

Hinsichtlich der in der intemnationalen Anmeldung offenbarten Nucleotid- undioder Aminosiuresequenz ist die
internationale vorldufige Prifung auf der Grundlage des Sequenzprotokolls durchgefihrt worden, das:

O in der intemationalen Anmeldung in schriftlicher Form enthalten ist.

zusammen mit der internationalen Anmeldung in computariesbarer Form eingereicht worden Ist.

bei der Behdrde nachtréglich in schriftlicher Form eingereicht worden ist.

bei der Behérda nachtriiglich in computeriesbarer Form eingeraicht worden ist.

Die Erkidrung, da3 das nachtriglich eingereichte schriftliche Sequenzprotokoll nicht Ober den
Oftenbarungsgehalt der intemationalen Anmeidung im Anmeldezeitpunkt hinausgeht, wurde vorgelegt.

Die Eridirung, daB die in computeriasbarer Form erfassten informationen dem schriftichen
Sequenzprotokoll entsprachen, wurde vorgelegt.

O 0O00OQg

. Aufgrund der Anderungen sind folgande Unterlagen fortgefalien:

O Beschrelbung, Seiten:
O Anspriche, Nr..
0O Zelchnungen, Blatt:

Formblatt PCTAPEA/409 (Jull 1988}



INTERNATIONALER VORLAUFIGER Intemationales Aktenzeichen PCT/DE02/03394
PRUFUNGSBERICHT - BEIBLATT

1. Die Anmeldung bezieht sich auf die Gewinnung von Cobalt und Nickel aus
arsenosulfidischen oder sulfidischen Erzen, wobei das Erz oder Erzkonzentrat mit
Schwefel oder schwefelhaltigen Arsenverbindungen zu einem Reaktionsprodukt,
enthaltend CoS und/oder NiS, umgesetzt wird.

Das Verfahren gemaB Anspruch 1 filhnt zu rieselféhigen Produkien mit hoher
Porositét, die sich gut fiir ein nachfolgendes Laugungsverfahren eignen.

Die weiteren Anspriiche beziehen sich auf bevorzugte Ausfithrungen des

“ Verfahrens.

2. Das Verfahren unterscheidet sich von dem Verfahren aus US-A-4 585 477
dadurch, daB keln gxidierendes Rdstvertahren von arsenosulfidischem oder
sulfidischem Erz stattfindet.

DE-C-43 29 417 bezieht sich auch auf eine Rdstung in oxidierender Atmosphére.

Somit sind die Kriterien der Artikeln 33(2) und 33(3) PCT erflil.

Formbiatt PCT/Babiatt/408 (Blatlt 1) {(EPA-April 1887}

&0
1



Remitente:

TRATADO DE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES

EL ORGANISMO ENCARGADO DEL EXAMEN PRELIMINAR INTERNACIONAL

A

PCT

NOTIFICACION DE ENVIO DEL INFORME DEL
EXAMEN PRELIMINAR INTERNACIONAL

SCHREIBER Christoph et al.
VON KREISLER SELTING WERNER
Deichmannhaus am Dom

P.Q. Box 10 22 41

D-50462 Colonia

PCTN71.1
ALEMANIA (regla )

Referencin del Solicimnte o Agente

[ Fecha de envio
(din/mes/afo)
11/12/2003

INFORME IMPORTANTE

022392wo CS/gn

Referencia Inusnacional

Fecha de Prioridad
(dia/mez/ato)
14/09/2001

Fechn de Preseniacion Intemacional
{din/mex/aio)
14/09/2002

PCT/DE 02/03394

Solicianc

Backmann, Alexander

§& nutilies o solicin® que el organiamo cricargndo de] Examen Preliminar Internacional envie mediants 1a presenie

infurme do Examen Preliminar Internacional elaborndo para enta Solicitud Internacionnl, en cusos dados, con los
cormaspondientes.

Una copia del informe — en casos dados, con los anexos cormespondienios— s enviads a In Oficina Intermacional par s
derivacién o todos los organismos seleccionadon.

A peticidn de un organismo seleccionado, la Oficing Intermacional traducird el informe (con sus anexos) sl inglés ¥ K
cnviard g 1l organiamo.

RECORDATORIO

Pam ¢l ingreso en Ia fase nacional, ¢l solicitante debe proceder, dentro de los 30 meses de Ia fechade prioridad (o mis
irde en otros organismos), a lievar a cabo ciertos trimites (presentacion de taducciones y pago de tasas racionales)
(articulo 39 (1)) (ver wmbién la informacidn brindads por la Oficina Intemacional por medio del focrmularig
PCTABAO1).

Cuondo se debe enviar a un orgoniamo scleccionado una traduccién de La solicitacion internacional, esta traduccién de!
contcner mmmbién las traducciones de twdos los ansxos del informe del Examen Preliminar Internacional.
resporsmbilidad del solicimnte elabomr tales imducciones y cnviariss directoments ol organismo correspondien
scleccionado.

Owvs detalles de los plazos y requisitos normutivos de Jos organismos scleccionador ac pueden tomar de! Manual PCT
para solicitantes.

El mlicitante es advertido ererca del articula 33 (5) en et cual = aclara que los criterios de novedad, actividad inventiva y

uplicabilidad industrial descripios cn «l articulo 13 (2) 3 (4) solo tiene significado pamel Examen Preliminar
internnocional. y que “cada estado adherido (...) puede disponer atributos adicionales o modificatorios en tl estado pars
doeterminacién de 1a patenwbilided de la invencién reivindicads ™ (ver también articulo 27 (5)). Tales atribw
adicionales s pueden referir, por cjemplo. @ excepciones de patenmbilidad, s requisitos para la revelscidn de |
invencidn, asl como a claridad y apoyo de los reivindicaciones.

Tel, (+49-89) 23990, Tx: 523656 epmu d
Fax: (+49-89) 23994465

Nombre y Direccion Postal del Organismo encargado del Funcionaric Apoderado
Exomen Preliminar Internacional

Europeisches Patentamt Novoa, C.

D-80298 Munich

Tel: (+49-89) 2399-2718

Yormwlario PCL/IPEA/AI6 Gulio 1992)

j



TRATADO DE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES

INFORME DE EXAMEN

PCT

PRELIMINAR INTERNACIONAL

(Articulo 36 y regla 70 PCT)

Referencia del Soliciante o Agenie

022392wo GS/gn

Va notilicaclim sobre envio del Infarmne de Examen Prdiminar

PROCEDER Intemacional (formulario PCT/IPEAX16)

Referencio Intemnocional Fecha de Presentacidn Internocional Fecha de Prioridad
{dia/mes/nio) (dia/mes/afio)
PCT/DE 02/03394 14/09/2002 14/09/2001
asificacion Internacional do Patento (CIP) o iicac mcional y C1P
C22B1/00
 Solicimnke

Beclmann, Alexander

Estas anexos comprenden cn total 1 hojo.

1. Este informe de Examen Preliminar Internacions! fue confecrionsdo por el organismo encargado del Examen Preliminar
Internacionsl y, segiin ¢l articulo 36, ¢ enviadao al solicitante.

2. Este INFORME comprende. e total, 4 hojas, incluida esta canitvla
Ademds, este informe pusee ANEXOS ; estos se tratn de hojas con descripciones. reivindieaciones,y/o ilustraciones

que fuemn modificados y en log cunlen se basa este informe, y/u hojas con comrecciones llevadas a cobop por eate
organismo (ver regla 70.16 y sector 607 de loa reglamentas administrotivos de PCT).

I Fundamentos del informe

3.  Este informe contiene indicaciones acerca de los siguientes puntos:

(] Prioridad
m Ninguna elaboracién de un dictamen sobre novedad, actividad inventiva y aplicabilidad industrial.
v Uniformidad ingatisfactoria de bn invencidn.

v Determinacion fundada segin La regla 66.2 a)ii), desde ¢l punio de vista de Ia novedad, de 1 actividad
inventiva y de la aplicabilidad industrial; anteeedentes y aclarsciones para apoyur csta determinacidn.

vi Antcoedonics Jdefinidos cltados.
Vil Falencias dofinidas de la Solicitud Internacional.
Vil Observaciones definidas a In solicitud Intemacionsl.

Fecha de presentacion de 1 solicitud Fecha de confeccidn de caie informe
10.04.2003 11.12.2003

Noambre y Direccion Postal del Organismo encargado del Funcionario Apoderado
Examen Preliminar Internacional

Europeisches Patentamt

D-80298 Munich Bjoerk, P

Tel. (+49-89) 2399-0. Tx: 523636 epru d

Tel: (+49-¥9) 2)99-8452

Fax: (+49-89) 23994465
nrmuleno win)cnero 1994)
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INF RME EXAMEN PRELIMINAR

D
/

INTERNACI NAL

Referencia Intemnaclonal: PCT/DE 02/ 03354

i. Fundamentos del Informe

1.

Desde @l punto de vista de los componantes de (a Sollcitud Intemacional (/as hofas de
reemplazo que fueron presentadas al omganismo como requisito segan el articulo 14
son vélidas como “presentadas originalmente” en el marco de este informe y no se
acompeafian porque no contiensen modificaciones (regais 70.18 y 70.15)).

Descripcién, piginas

1-8

en el taxto presentado originaimente.
Relvindicaciones, N*

en el texto presentado originaimente.
ingresadas el 02.12.2003 con ol escrito del 01.12.2003

Desde el punio de vista del Idioma: todos los componentes mencionados
anteriormente estaban a disposicién del organismo en el idioma en el cual fue
prasentada la solicitud intemacional o fueron presentados en la misma en tanto bajo
aste punto no sl indique ofra cosa.

Los componentes sstaban disponibles para el organismo en el kiloma: o fueron
presentados en este Idioma; aqui se trata de:

ol idioma de la traduccidn que fue presentada a los efecios de la bisqueda
Internacional {segin regla 23.1 b)).

¢l idioma de la publicacién de la solicitud internaclonal (segiin regla 48.3 b)).

el Idioma de la traduccidn presentada a los efectos del Examen Preliminar
Internaclonal (seglin regla 55.2 y/o 56.3).

3. Desde el punto de visia de la secuencia de nucleétidos y/o de aminoécidos revalada en
la solicitud intemecional, el Examen Preliminar Intemacional fue llevado a cabo basado
sobre el protocolo de secuencias, el que:

esta contenido por ascrito en la soliciud Internacional.

fue presentado an forma lelble por computadora junto con la solicitud Intemacional.

fue presentado posteriormente en forma escrita ante el organismo.

fue presentado posteriormente en forma lalble por computadora ante el organismo.

se presentd la declaracion de que el protocolo de secuencias presentado
posteriormente por escrito no excede e contenido revelado en la solicltud
intemacional en el momento de la presentacién.

la declaracién de que las Informaciones vertidas en forma lelble por computacién se
corresponden con el protocolo de saecuencias escrito.

4. Como consecuencia de las modificaclones caducd la sigulente documentacién:

Descripcion, paginas:
Relvindicaclones: N

ilustreciones, paglinas:



INF RME EXAMEN PRELIMINAR
INTERNACIONAL

Referencla Intemacional: PCT/DE 02/ 03394

1.

La invenclén se reflere & la extraccion de cobalto y niquel a partir de minerales o
concentraxios de minerales arsancsulfurosos o sulfurosos, donde el minera! o concantrado
de mineral s& hace reacclonar con azufre o0 compuestos de arsénico que contienen azufre
para obtener un producto de reaccion que contiene CoS y/o NIS.

De acuerdo con la reivindicacion 1, el pracadimiento conduce a productos escurriblas con
elevada porosidad, los que se adecuan para un procesamiento posterior de lixiviacion.

Las demas relvindicaciones se refieren a realizaciones preferidas del procedimiento.

El procaedimiento se diferencia del procedimiento de ia US-A-4 585 477 en que no se lleva
a cabo un proceso de calcinacidn oxidants de mineral arsenosulfuroso o sulfuroso.

La DE-C-43 29 417 se refiere también a una calcinacion en atmdsfera oxidants.

De esta manera se cumpien los criterios de los articulos PCT 33 (2) y 33 (3).

&Y
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WO 03/02524 PCT/DEN2/03394

Patentansoriiche

1. Verfahren zur Gewinnung von Metalleh aus einem arsenosulfidischen

und/oder sulfidischen Cobalt- und/oder Nickelerz oder -erzkonzentrai, bel
dem
s das ai',sen_osulﬂsche und/oder sulfidische Cobait- und/oder Nickelerz
oder - erzkonzentrat mit Schwefel oder schwefelhaltigen Arsenverbin-
c_lungen zu einem Reaktlonsprodukt’ﬂmgeseizt wird, und
» lasliche Metalle und seltene Erden aus dém Reaktionsprodukt gel8st

Werden:  wenthalend CoS und loctr iS

2. Verfahren nach' Anspruch 1, dad_urch gekennzeichnet, da_lss Arsen aus dem

Reaktionsprodukt geidst .wird und d_le am Reaktlonsproduict angelagerten
Metalle und seltene Erden, Insbesondere Gold, Slilber, Platin, PME, Nickel,

Cobalt und Zink abgetrennt werden.

3. Verfahren nach Anspruch 1, oder 2, dadurch gekennzeichnet, dass die

Metalle mit elnem Bloleaching-Vérfahren aus dem Reaktionsprodukt
herausgeldst warden. '

-F-
-y *

‘4, Vérfahren ‘nach elnem . der . vorstehenden Anspriiche, dadurch
gekennzelchnet, dass.d_le Umsetzung: In inerter Atmosphére durchgefthrt’
T erd.

5. Verfahren . nach einem der vorstehenden Anspriiche, dadurclj

gekennzeldmet,. dass dle Umsetzung bgi elner Temperatur zwischen 50°¢C
und 550°C, Insbesondere zwischen 350°C und 450°C erfolgt.

gekennzeichnet, dass die Umsetzung durch Mlkrowellenbe.strahlung
unterstitzt wird,

6. Verfahren nach elnem der vorstehenden Anspriche, dadurch -

A

7 s
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REIVINDICACIONES

1- Procedimiento para la extraccién de metales a
partir de minerales o concentrados de minerales de cobalto
y/0 niquel arsencsulfurosos o sulfurosos, en el que
. se hace reaccionar el mineral y/o concentrado de

mineral arsenosulfuroso y/o sulfuroso de cobalto y/o

de niquel con azufre o compuestos azufrados de

arsénico para obtener un producto de la reacciédn que

contiene CoS y/o NiS, y
. se lixivian metales solubles y tierras raras del

producto de reaccién.

2- Procedimiento de acuerdo con la reivindicacién 1,
caracterizado porque se lixivia arsénico del producto de la
reaccién y se separan los metales y tierras raras
depositadas en el producto de la reaccién, en particular,
oro, plata, platino, metales de platino, niquel, cobalto y
zinc.

3- Procedimiento de acuerdo con la reivindicacién 1 o
2, caracterizado porque los metales son lixiviados del
producto de 1la reaccién utilizando un \proceso de
bieclixiviado.

4- Procedimiento de acuerdo con una de las
reivindicaciones precedentes, caracterizado porque 1la
reaccién se lleva a cabo en una atmésfera inerte.

5- Procedimiento de acuerdo con una de las
reivindicaciones precedentes, caracterizado porque la
reaccidébn procede se lleva a cabo a una temperatura que se
encuentra entre 50 °C y 550 °C, en particular, entre 350 °C
y 450 °cC.

6- Procedimiento de acuerdo con una de las



g}?”

(s

reivindicaciones precedentes, caracterizado porque 1la

reacciédn es apoyada por irradiacién de microondas.



CLAIMS.:
(amended December 1, 2003)

A process for extracting metals from an arsenosulfidic and/or sulfidic cobalt
and/or nickel ore or ore concentrate In which

. the arsenosulfidic and/or sulfidic cobalt and/or nickel ore or ore
concentrate is converted to a reaction product containing CoS and/or
NiS by sulfur or sulfur-containing arsenic compounds; and

. soluble metals and rare earth metals are leached from the reaction
product. '

The process according to claim 1, characterized in that arsenic is leached
from the reaction product and that the metals and rare earth metals depos-
Ited on the reaction product, especially gold, silver, platinum, platinum met-
als, nickel, cobalt and zinc, are separated off.

The process according to claim 1 or 2, characterized in that the metals are
leached out from the reaction product using a bioleaching process.

The process according to any of the preceding claims, characterized In that
said converslion Is performed in an inert atmosphere.

The process according to any of the preceding claims, characterized in that
said conversion is performed at a temperature of between 50°C and
550 °C, especlally between 350 °C and 450 °C.

The process according to any of the preceding claims, characterized in that
said conversion Is promoted by microwave irradiation.

The process according to any of the preceding claims, characterized in that
said converslon is effected for a period of from 0.5 h to 10 h, especially from
2hto5h.



10.

11.

12.

-2-

The process according to any of the preceding claims, characterized In that
sulfur Is added.

The process according to any of the preceding claims, characterized in that
sulfur is added in a solid state and the conversion is effected under a pres-
sure of from 1 to 10 bar.

The process according to claim 8, characterized in that said conversion
proceeds in an atmosphere saturated with sulfur vapor.

The process according to any of claims 1 to 7, characterized in that sulfur is
added in a gaseous state and the conversion is effected under reduced pres-
sure.

The process according to any of claims 1 to 7, characterized in that the
conversion Is effected with a sulfur plasma.



PCT/DEQ2/03394

PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL BECKMANN, Alexander
OF PRIORITY DOCUMENT Haselnussweg 2
. . . . 46487 Wessl
(PCT Administrative Instructions, Section 411) Germany
Date of mailing {day/month/year)
25 February 2003 {25.02.03)
Applicant's or agent’s fils refersnce
IMPORTANT NOTIFICATION
International applicatian No. Intarnational flling date {dey/month/year)
PCT/DEQ2/03394 14 September 2002 (14.09.02)
International publication date (day/momth/year) Priority date (day/month/year}
Not yet published 14 September 2001 (14.09.01)
Applicant
BECKMANN, Alexandar

1. The applicant ls hereby notified of the date of receipt (sxoept where the lettars "NR" appear in the right-hand column) by the
International Bureau of the priority document(s) rslating to the sariler application(s) indicated below. Unless otherwise
indioated by an asteriak appearing next to a dats of raceipt, or by the lettars "NR", In the right-hand column, the priorty
dooument conesrned was submittad or tranamitted to the Intarnational Bureau In compliange with Rule 17.1(a} or {b).

2. This updetes and replaces any previously Issuad notification concerning submission or transmittal of priority doouments.

3. An asterisk(*) appsaring next to a date of raceipt, in the dght-hand golumn, denotes a priarity dospument aubmitted
or transmitted to the International Bureau but not in compilanoce with Rule 17.1{a) or (b). In such a oasge, the attantion
of tha applicant s directed to Rule 17. 1{a) which provides that no designated Offios may disregerd the priority alaim
concarned before glving the applicant an opportunity, upon emtry into the natlonal phase, to furnish the priority dacument
within a ttme imit which is ressonable under ths circumstanscaa.

4. The lettars "NR"™ appesaring in the right-hand column denote a priority document which was not recefved by the International
Bureau or which tha appilcant did not request the raceiving Offiae to prepara and transmit tg the International Bureau,
as pravided by Rule 17.1{a) or (b}, respectively. In such a cass, the gtiarntion of the appiicant is directad to Rule 17.1(c) which
’ providee that na designated Offloe may disregard the priority claim conoerned before giving the appllcant an opportunity,
upon‘entry-into'the national phass, to furnist the priority document within & tilma llimit which-is reasonable under the

ciroumstances.
Prarkty data Cauntrv or reglonal Offica Date of reasiot
acBCT racelving Office of oriority docurnent
14 Sept 2001 (14.09.01) 101 45 419.8!-/ DE 25 Febr 2003 (25.02.03)
12 Janu 2002 (12.01.02) 02000758.9 v' EP 06 Janu 2003 (06.01.03)
e
OAS 0
0
The Intsmational Sursau of WIPQ Autharized officer
34, ghemin des Colombettes i -
e n .z.o. - Céline Faust (Fax 338-8995)
Facsimlle No. (41-22) 338.80.85 Telephone No. (41-22) 338 8728

Farm PCTAB/304 (July 1968) 0056482223

<6
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INFORMATION CERNING ELECTED

OFHACES NOTIFIED OF THEIR ELECTION

From the INTERNATIONAL BUREAU

PCT/DEQ2/033%4

Te:

SCHREIBER, Christoph '
Postfach 10 22 41 [.; -

(PCT Rule 61.3) 50462 KéiIn N
Germany

Date of mailing (day/month/year) y

02 May 2003 (02.05.03)
Applosnt’'s or agont's flle referance

IMPORTANT INFORMATION

ntemational appliostion No. Imernstional fifing dete {(day/momnth/yenr) | Priority date (day/monthvyear}

PCT/DE02/03394 14 September 2002 (14.09.02) 14 September 2001 (14.09.01)

e

Applicant
q BECKMANN, Alexander

Offioes of its sisotion:

by the International Bureau oniy upan thalr request:

EA :AM,AZ BY KG,KZ,MD,RU,TJ,TM

ZAZMZW

of the PCT Applicant’s Gulde.

the purposss of obtaining a European patent.

1. The applicant is hereby informed thet the (ntamnational Bursau has, agoarding to Articla 31{7), natified each of the following

EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,F|,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE,SK,TR
Natlonal :AU,BG,CA,CN,DE,GB,IL,JP KP,KR,MN,NO,PL,RO,RU,SK,US

2. The following Offices have waived the requirament for the notification of thelr alegtion; the notification will bs sent to them
AP :GH,GM,KE,LS,MW,MZ,5D,SL,SZ,TZ,UG ZM,ZW

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

Natlonal :AE,AG,AL,AM,AT,AZ,BA,BB,BR,BY,BZ,CH,CO,CR,CU,CZ,DK,DM,DZ,EC,EE,
ES,FI,GD,GE,GH,GM,HR,HU,ID,IN,IS XE,KG,K2,LC,LK,LR,LS,LT,LU,LV,MA ,MD MG,
MK,MW,MX,MZ,N2Z,0M,PH,PT,SD,SE,SG,SI,SL,TJ,TM,TN,TR,TT,TZ,UA,UG,UZ,VN,YU,

3. The applicant ls reminded that he musgt enter the "national phass” before the expimtion of 30 mamnths from the priority date
befors sach of the Offioes listad above. This must bs done by paying the national feels) and furnishing , if prescribed. a
transiation of the intemnational application (Artials 38({1){a}), aa well as, where applicabis, by furnishing a translation of any
annexes of the international preliminary axamination report {Article 38(3)(b) and Rule 74.1).

Somps offlces have fixed tima limits axpiring later than the above-mentionad time limit. For detalled information about the
applicabie time [imits and the acts to be performed upon entry Into the national phase before a partioular Office, see Volume Il

The antry into the Europsan raglonal phase is postponsd uvntll 31 manths from the priority data for all States dealgnated for

The Inemational Buresu of WIPO
34, chemin des Colombeties
1211 Genava 20, Switzeriand

Facsimile No. (41-22) 338.88.85

Autharized officer:
Odlie ALIU (Fax 338-8995)

Teisphone No. {41-22) 338 §B34

Form PCT/AB/332 (Septamber 1887)

65916764
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17.5 2893 From the INTERNATIONAL BUREAU
- A PCT Ta:
Hxil -
U OF THE RECORDING (
?—' ' -~ / OF A CHANGE VON KREISLER SELTING WERNER
g "q Delchmannhaus am Dom
(PCT Ruie 92bls.1 and P.O. Box 1022 41
Administrative Instructions, Section 422) D-50462 Kd&in
' Germany
Dute of maifing (day/month/year)
02 April 2003 (02.04.03) .
Applicant’s or sgent’s file reforenca P,
IMPORTANT NOTIFICATION
Internstional application No. - . internatianal fllng date (day/month/year)
PCT/DEQ2/03394 - S At Jb} 14 Septeamber 2002 (14.09.02)
1. The following Indlcations appearad on record conceming:
D the applicant D the inventor E the agent I:l the common repressntative
Name and Addross State of Nationality “Stats of Residenoe
[ Teiephone No.
[ Facsimile No.
—Telapﬂmr No.

2 The Intamationsl Bureau hereby notifies the applicant thet the following change has bsen recorded conoceming:

E the persaon @ the name E the address El the nationality D the residence

Name and Address State of Nationality | State of fesidence |
o e e wenve
J om [ Telephans No.
D-S04es Kbl ! 49221916520
Germany [ Faceimile No.
49221134297
_Telaprintlr No.

%

3. Further observations, if neceasary:
Please note appointment of agent.

4. A oapy of this notification has been sent to:

E the recelving Offlos IZ‘ the designated Offices concernad
E the international Searching Autharity D the eleated Offloes concermned
D the mamational Preliminary Examining Authority D athar:
The International Bureau of WIPO Authorized offioer
34, chemin des Colombattss Céline Faust (Fax 338-8995)
1211 Geneva 20, Switzeriand
Faosimils No. {41-22) 338.80.86 Telephons No. (41-22) 338 8728

Form PCT/B/308 (March 1884) 006682721
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T A PATENT COOPERATION TREATY
From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF RECEIPT OF
RECORD COPY BECKMANN, Alexander
Haselnussweg 2
{PCT Rule 24.2(g}) 45487 Wessl

Germany

Date of malling {day/month/year)

January 2003 {09.01.03) IMPORTANT NOTIACATION
Applicant's or agent's flle referance imternational application No.
PCT/DE(2/03334

detalled below.

International flling dats :
Priority date{s) claimed

Dare of reoeipt ot tha record copy
by the International Bureau

List of designatad Offices

EA :AM,AZ,BY,KG,KZMD,RU,TJ,TM

TT,TZ,UAUG,US,UZVN,YU,ZA ZM ZW

ATTENTION

The applicant Is hersby notified that the international Bureau has recelved the record copy of the intermnational application as

Name{s) of the applicant{s) and State(s) for which they are applloants:
BECKMANN, Alexander{all designated States)

14 September 2002 {14.09.02)
14 September 2001 (14.09.01)
12 January 2002 {12.01.02)

04 December 2002 {04.12.02)

AP :GH,GM,KE,LS, MW, MZ,SD,SL,8Z,TZ,UG,ZM,ZW

EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,FIFR,GB,G R,IE,IT,LU,MC,NL,PT,SE,SK,TE /
OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG ->2rc4#a 27

National :AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,
EC,EE,ES,Fl,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS,JP KE,KG,KP,KR,KZLC,LK,LR,LS,LTLU,
LV,MA,MD,MG,MK,MN,MW,MX,MZ,NO,NZ,0M,PH,PL,PT,RO,RU,SD,SE,SG,SI,SK,SL,TJ,TM,TN,TR,

,CZ,DE,DK,DM,DZ,

S
OU._‘,V“ALE_GB 02

The applicant should carefully cheok the data appearing in this Notification. In oase of sny disorepancy bstweean these date
and the Indicatlons in the international application, the applicant should immediately inform the International Bureau.

in addition, the applieant’s sttention is drawn to the information contalned in the Annax, relating to:
E tima limits for entry into the national phase - ses updated impartant information (as of April 2002)
E confirmation of precautionary designations (if applicable)

EI requirements regarding priority doouments {if applicable) ~> /% Lot doch Kewrck 304 ert orn Z

A copy of this Notifioation Is belng sent to the racsiving Office and to the internationalSearching Authority.

The Imemational Bureav of WIPO
34, chemin das Colombettes
1211 Goneva 20, Switzeriand

Faosimile No. {41-22) 338.85.06

Authorized officer:
N. Wagner (Fax 338-8995)

Telephone No. (41-22) 338 5067

Form PCTAB/301 {(April 2002)



Intemnational appEcation No

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant Is reminded that the "national phass™ must be enterad baiore sach of the designated Offloes indloated on
the cover sheet of this Notiflcation by paying national fees and furnishing transiations, as prescribed by Artlales 22 and 38 and
the applicable national laws. In addition, the applicant may also have to comply with other special requirements applicsble
In oertain Offioes. It is the apphcant's responsibility to ansure the nocsssary steps to enter the national phase are taken in a
timely fashion. Most Offlces do not issue reminders to applicants in connestion with the entry into the national phase.

The applicable time Emit for entering the national phase will, subjeat to what ks said in the following paragraph, be
30 MONTHS from the priority date, not only In reapect of any slected Office where ademand for international preliminary
axamination is flled bafors the expiration of 18 months from the priority date (sss Article 38(1)}, but aiso in respect of any
designated Office, in the absence of filing of such demand, where Artlole22{1) as modified with effect from 1 April 2002
applies in respect of that designated Office. For further detalls, see PCT Gazette No. 44/2001 of 1 November 2001, pages 18828,
18832 and 16834, as well as the PCT Neweletter, Oatober and November 2001 and February 2002 issues.

In practice, time Emits other than the 30-month time Emit will continue to apply, for various periods of time, In respect of
csrtain designated or electad Offices. For regular updatas on the spplicable time Emits (20, 21, 30 or 31 months, or other
time limht), Offlee by Office, refer to the PCT Gazette("Section V" part published on 8 woekly basis), 1o the PCT Newsletter
{on a monthly basis) and to the relevant Nationai Chapters in Volume Il of the PCT Applicant’'s Guide {the paper version of
whigch |s updatad usually twioe a year and the Internet version of which is updated usually on a weskly basla). Finally, a
cumulative table of all applicable tims limits for entering the national phase is available from WIPO's Imternet site, via links
from various pages the alte Including thoee of the Gazette, Newsletter and Guide, at http:/www.wipo.int/pot/en/findex.htmi.

Information about the requirements for fifing a demand for inlsmational preliminary sxamingtion is set out In the PCT
Applicant's Guide, Volume VA, Chapter [X. Note that only an applicant who is & national or residem of a PCT Contracting
State which is bound by Chapter il has the right to file a demand for Internatlonal preliminary examination (at present, all
PCT Contraating States ere bound by Chapter Il).

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS

- This notifloation lists only specilc deslgnations made under Rule 4.9(a} In the requect. it I3 important to cheok that these
designations are correct. Errors in designations can be correated where precautionary designations have basn made under
Rule 4.8(b}. The applicamt is hereby reminded that any precautionary designations may be confirmed according to Rule 4.8(c}
before the expiration of 15 months from the priority date {this time limit may not bs extended). H it is not confirmed, it will
automatloally be regarded as withdrawn by the applioant. There will be no reminder and no Invitation. Confirmatlon of &
designation conaists of the filing of a notice specifying the designated State concerned (with indication of the kind of proteotion
or treatment desirad) and the payment of the designation and confirmation fees. The Notioe of confirmation and payment
must reach the recelving Office within the 16-month time fimh.

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For applicants who have not yst complied with the requirements regarding priority doouments, the following Is recalled.

Where the priority of an sarlier national, regional or Intarnational applioation Is claimed, the applicant must submit a copy
of the said sarller application, certifled by the authority with whioh It was flied ("the. priority document").to the raceiving Offlce
{which will transmit It to the International Bureau) or directly to the intsrnational Bureau, before the expiration of 18 months from
the priority date, provided that any such priority document may still be submitted to the internatiohal Bureau before that date of
international publication of the International application, in which cass that dooument will be considered to have besn recelved
by the international Bureau on the last day of the 18-momnth time limit {Rule 17.1(a)}.

Whernre the priority dooumnent Is lssued by the receiving Office, the applicant may, Instead of submhting the priority
document, request ths receiving Office to prepare and transmit the priority document to the International Bureau. Such request
must be made before the axpiration of the 18-month time limit and may be subjected by the reosiving Office to the payment
of a fes (Rule 17.1(b)).

If the priority document conoemned is not submitted to the Intemational Bureau or i the request to the recsiving Office
to prepare and tranamit the priority dooumant has not heen made (and the corresponding fee, If any, paid) within the applicable
time limkt Indicated under the preceding parsgraphs. any dealgnatsd States may disregard the priority claim, providad that no
designated Office may disragard the priority claim conoemed before glving the applicant an oppeortunity, upon entry into the
national phase, to furnish the priority document within the time limit whioh is reasonable under the clroumstances.

Whaere several priorities are claimed, the priority dste to be considered for the purposes of computing the 18-month time
limit Is the filing date of the earliest application whose priority is olaimed.

Form PCTAB/301 {Annex) (April 2002) 006384588
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Internationale Patent Anmeldung PCT/DE 02/03394
Alexander Beckmann

Auf den zwelten schriftlichen Bescheid vom 30. September 2003:

Als Anlage wird ein Satz neuer Patentanspriiche (berreicht, der der weiteren
Priifung zugrundegelegt werden soll.

In Anspruch 1 wurde aufgenommen, dass das Reaktionsprodukt CoS oder NiS
enthalt.

Dies Ist beisplelsweise auf Selte 3, letzter Absatz der Beschreibung offenbart.
Hierdurch soll klargestellt werden, dass erfindungsgemdB kein Rdstverfahren
durchgefithrt wird, sondern elne Umsetzung des Erzes als Feststoff mit Schwefel
bzw. schwefelhaltigen Arsenverbindungen erfolgt.

Nach Ansicht der IPEA ist der Anspruch 1 nicht neu gegeniiber D1 bzw. D2. Wie
im schriftiichen Bescheid dargestellt, betrifit D1 ein Verfahren zur Gewinnung
von Kupfer und Nickel aus sulfidischen Erzen umfassend die Schritte des Rosten
des Minerals, Sulfatierung, gefolgt von einem Laugungsschritt. Zur Sulfatierung
werden eingesetzt Schwefelsdure, Schwefeltrioxid, Metallsulfate und Schwefeldi-
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mit elementarem Schwefel im festen, fliissigen oder gasformigen Zustand bei 360
bis 900°C fiir mindestens 20 Minuten behandelt wird. AnschiieBend werden die
loslischen Metalle aus dem Reaktionsprodukt geldst (Anspriche 1, 4; Sp.4, Z.51-
55).

3. Neuheit
Die Merkmale der A-nspn']che 1, 2 und 11 sind direkt aus D1 zu entnehmen.
Die Merkmale der Anspriiche 1, 2, 5, 8 und 9 sind aus D2 bekannt.

Die inerte Atmosphare, die im Anspruch 4 beansprucht wird, ist automatisch durch
die Présenz von Sauerstoff und Schwefsl in D2 vorhanden. Diese Lehre ist auch
eindeutig aus D3 zu entnshmen.

Somit ist der Gegenstand der Anspriiche 1, 2, 4, 5, 8, 9 und 11 nicht neu geméaB
Art.33(2) PCT.

4. Erfinderische Tatigkeit

Die Merkmale der abhdngigen Anspriiche 3 und 6 bis 12 gehdren zu bekannten
Verfahrensschritte bei dar Gewinnung von Metallen aus sulfidischen Erzen.

Somit ist es dem Fachmann sehr naheliegend, ein Bloleaching-Verfahren, wie aus
D4 bekannt, als Methode zur L6sung von den Metallen im Reaktionsprodukt in D1
zu benutzen, da beide Druckschriften sich auf sulfidischen Nickelerzen bezishen.

Ahnlicherwaise ist die UnterstOitzung der Réstung durch Mikrowellen fir
sulfidischen Erzen aus D5 bekannt und dem Fachmann nahsliegend, wenn er die
Gewinnung von Metallen verbessem mdchte.

Die Lange der Umsetzung mit Schwefel ist zwar in D1 und D2 nicht ausdriicklich
beschrieben. Eine Dauer von 0,5 bis 10 Stunden ist jedoch eine ubliche Lange
eines solchen Verfahrensschrittes. Dies ist aus D6 zu entnehmen, die sich zwar
mit nicht-sulfidischen Erzen (Laterit) befasst, aber sonst die gleiche Schritte, wie in
der jetzigen Anmeldung beinhaltet.
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D6 beschreibt auch der Zutuhr von Schwefel in verschiedenen Zustédnde. Da D6
sich gut mit D1 oder D2 kombinieren lésst, da sie alle mit dem Zufuhr von
Schwefel zur Verbasserung der Gewinnung von Metallen befassen, kann kein
erfinderisches Zutun in den Merkmalen der abhéngigen Ansprilchen 8 bis 12
gesehen werden.

Somit ist der Gegenstand der Anspriche 3 und 6 bis 12 nicht erfinderisch geman
Ant.33(3) PCT.
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Por Telefax y copia de confirmacién
Solicitud de Patente Internacional PCT/DE02/03394

Alexander Beckmann

Respecto del segundo informe escrito del 30 de
septiembre de 2003:

Como adjunto se ofrece un juego de nuevas
reivindicaciones de la patente, en las cuales debe basarse
el nuevo examen.

En la reivindicacién 1 se supuso que el producto de
reaccién contiene CoS o NiS§,

Esto se da a conocer, por ejemplo, en la pagina 3,
iltimo parrafo de la descripcién. De esta manera queda en
claro que, de acuerdo con la invencién, no se lleva a cabo
ningin proceso de calcinacién, sino una reaccién del
mineral, como material sélido, con azufre o compuestos de
arsénico que contienen azufre.

Segtin la opinién de IDEA, la reivindicacién 1 no es
novedosa con respecto a D1l o D2. Como se indica en el
informe escrito, Dl se refiere a un procedimiento para la
extraccién de cobre y niquel a partir de minerales
sulfurosos que comprende los pasos de calcinar y sulfatar el
mineral, seguidos de un paso de lixiviacién. Para 1la

sulfatacién se emplean Acido sulfarico, triéxido de azufre,



D

sulfato metdlico y diéxido de azufre, junto con oxigeno. Los
productos obtenidos de esta manera estidn sulfatados, es
decir, se tratan de las sales metalicas del dcido sulfirico.

De acuerdo con la invencién, mediante el procedimiento
no se lleva a cabo una oxidacidén, sino que se obtienen CoS y
NiS. La reivindicacién 1 es entonces novedosa con respecto a
Dl.

D2 se refiere asimismo a un procedimiento para 1la
calcinacién de minerales, a saber, los denominados minerales
refractarios de oro. De acuerdo con el renglén 6, antes de
una lixiviacidén con cianuro se debe llevar a cabo una
oxidaciébn, en 1lo posible, completa de, entre otros, el
azufre. Independientemente del hecho de que D2 no describe
el procesamiento de minerales de cobalto o de niquel sino de
minerales de oro, el presente procedimiento se diferencia en
que no se lleva a cabo ningGn paso de calcinacién sino una
transformacién del mineral presente como sélido a un sulfuro
de cobalto o de niquel.

A los demds documentos citados se recurre solo desde
el punto de vista de realizaclones preferidas de ciertas
reivindicaciones. Los mismos no son relevantes para el
cuestionamiento de la niovedad y la actividad inventiva del

presente juego de reivindicaciones.



Se solicita entonces reconocer la novedad, la
actividad inventiva y la aplicabilidad industrial de todas

las reivindicaciones.

El Agente de Patentes

(Fdo.)

Anexos:/
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1
METHOD FOR SEPARATING AND RECOVERING
NICKEL AND COPPER FROM COMPLEX
MATERIALS
5

This is a continuation of the U.S. spplication Sex. No.
539,628, filed on Oct. 6, 1943, now sbandoned, which is

Nov.

4,585,477

2
phmemrm:spdhuéi No.lonm

It has now been found that nickel can be economi~

cally recovered from complex salphbide minerals rich in

nicke] in a more astisfactory mamner, by applying a new*
_ combination of

procedural steps.
The novel method is set forth in the following claims.
Inaccordance with the novel method there is rossted

a complex slphide concentraie contsining copper and .

nickel under conditions such as 1o wvoid the formation

FV

WO082/01725 on May 77, 1982, § 102(e) date on July 10 of ferrites with the iron present. The romsted products

15, 1982, now abandoned.

nntmdllyulvad.Ambedmmmlyhcwn
pyrametallorgical processes camnt readily be spplied
mmmwﬂm
almost alwzys also countain
Such minerals inclpde pentleodite,
pyrhotite. When whiing to prodnce -
pure copper sad nickel concentrates, the- method to
referred is ane involving the 23

. thereby rendeying the method uneconomical when the
mineral contains large quantities of nickel; see for exam-

[ g g ] ] AERBATREY 1~

IG‘IPPHW
i thermod

-Specification
 the sulphating step, ﬁemhmnm-m'-
m.c..m-uyns‘-m'c. .

Thermodynamically,
nmnﬂhnﬂltnd:ﬁwhmmnﬂﬂnﬂ

Mmhmmddmdslnthhmymldw

nﬂalnhlhovuyr.he:
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is gained wheveby the only nicke! leaving the processis ~ arrow 26, Nickel-hydroxzide precipitate, and possibly
in the form of an axide in the leaching residur obtained  copper-bydroxide, is removed, as indicated by srmow
from the leaching stage. The leaching residue obixined 27,
when leaching-out sulphates can be trested in variom Leaching residues obtained from the s=cond leaching
ways. Thos, noble metals can be leached out, whare- 5 stage 19 are pamed, via a line 28, to & drying siage 29,
with a certain quantity of nickel will also be lesched  and from there to a melting furnace 31 throngh s fine 30,
ot The noble metals can be cemented out with copper ™ The resoltent melt, which comprises i iron-copper-
or nickel metal and resideal nickel in the leaching soln- nickel-alloy, is passed, throngh a line 33, to a redoction
tion csn be precipitsted ot ss nickel hydroxide, by  stage 33, t0 which reductant snd slag former are
peutralizing said salution, and then returned to the 10 charged vis a line 34, and a fayalite sing b taken ont, as
roasting stage or combined with the leaching residues  indicated by arrow 35 The smelting and reduction
stages. siages may, to advantage, also be curied out in one and
The lesching residue obmimed from the lesching  the same formece unit, for exsmple m electric-are fur-
stage or stages can suitably be dried, and melted by  nace. The alloy formed by said reduction is passed, via
supplying thereto a rednctant, such ss carbon or 0il. - 15 3 line 36, to & converter 37, to which there is charged an
hhmﬂﬂehohmdnmqmm oxygen-containing gm through a line 38, and from
gickel and coppes. If the iron is azidised by injecting sit  ° where there is ramoved a molten copper-nickel-afloy,
O axygen gas into the bath of molten iron, copperand through a line 39,. Slag is paseed from the converter 37
micke), s copper-ickel alloy will be obtsined. The resul- dither to a smelting famace 31, via a fine 40, or to the
tant nickel products, copper-nickel alloy (Monel) and 20 reduction stuge 33, via & line 41. As indicated by arrow
pickel hydroxide, can be further worked-up or sold in 43, & nickel-iron alloy slso contalning soms copper can
ulhhuumﬁ.ummm o be out
the nickel and copper costent of the mineral to be re- EXAMPFLE 108.5 toms of complex copper-nickel
covered practically completely as commercially valy- 28 cancentrate of the following oomposition were charged

sble products. cach day to a fluidized-bed

The invention will sow be deacribed with reference

to the ing drawmg. the single FIGURE of o 2% 139 wmm
-which i 2 block schematic of a preferred embodiment N 1% 11
~of the invention. k] l: m ;‘l.:
. Wmumlmlw!ht:: -1 Ty
smple pentlandite, chalcopyrite and pyrrhotite by tix- J0o% X3 tom

: . ucty, or calcines, are pswsed, through aline 6, toa leach-  the invention.
.. ing stage 7, where the sulphated romsted product is 40  In the first leaching stage, about 0% of the copper
« Aeached with a weak acid suiphate solution. conient in ita stexdy siate 'was leached out, azd sbout

tion apparatas 9, from which leaching solution is passed, solution to the roasting stage when had
through a line 10, to an electrowinning apparsins 11, 45 been recovered therefrom, all of the nickel, roe and
where is precipitated onio copper cathodesand ~ noble metal content of the concentrate was found In the

copper prodnct from the system i indicated by the % — o= =

arrow 11. The copper-depleted clectrolyte ia passed, % L% ”_m-"“

throngh » line 13, 10 sn optional evaporation apparsina Fo Y 4L3 moa/dey

34, and from there, through a line 15, to the roasting Roskdue 10% 133 somv/day

farnace 1, or, through a line 16, to the sulphxting stage €4 ow/day

5 and/or, throngh a Yine 17, to the leaching stage 7. The 535

mﬂhimﬂwm“‘h ‘When the material did not contain apprecisble qoan-

* . titiea of noble metals, the dried leaching residue was

‘The lesching residues are passed from the separating stage melting stage

spparstus 9, throngh a lice 18, a second leaching L-eddhwﬂyinthe 1o the

arrow 12, copper are added g r.g ﬁwu

cementation metsls. Removal of noble-metul precipl- €5 s/ dey

tates is shown by arrow 23, The leaching solution is Fo Bow 100 tpy/day

then passed, through a line 24, to s nentraliving stage 28, 182 wous/day
e s by

BNEDOCID: <8 ASB4T7A1_)_>
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Finally the iron content was slagged to about 509%,
there being obtained s alloy of the following compasi-
ton

n% 53 tom/dny
1% 18 tome/dvy
100% 09 tem/dyy

90 wma/day

0z

‘Thus, the process gave each day 9 toms of Monel, 40 10
tons of iron in the form of fayslite slag, and 11 tons of
COppex.

I claim:

1. A method of recovering copper sud mickel from ,,
sulphidic minerals conteining copper, nickel and ron,
comprising

1o nickel matte which is then worked-op to nickel metal,
copper metal and noble metaly.

10. A method of recovering copper and nickel from

Inhidic minersls contin . mickel and fron,
§ comprising:

roasting said mineraly;

sulphating ssid rossted minersls in & separsie stage;

leaching said wmiphated minerals to form a leaching
solation and a residne;

recovering copper from said lesching solution;

recycling said copper-depleted Jeaching solotion to
axid roasting step, whereby what sickel sulphate
whehw.fmudm!idlﬂﬂﬂh.mbm
formed into nickel axide; and .

recovering the nickel content in the -form of mickel
tially all of .the nickel comtent of the mineral i
recovered.

1L The methdd of claim 10, wherein said

- a §
o e Skl content o e leohing mitton o the 2 step I pexformed without the addition of an alkall sl

phate, whersby the sulphating of the nickel comtent is
minimized.

nAmahodmdhgmdnmlM-ﬂnl-

rm;munlpbm:gnnﬂphﬁn' end sny verted to nickel matte which b then -warkad-op to
by the nickel content in the form of sn oxide,  2ickel metal, copper metal and noble metals

._::...d::mdmﬁ:-d according to claim 2, chamscterized by that the resultant melt is converted to mickal matie
recirculating the leaching solution snbsequent to recov- 3 which is theri worked-up to nickel metal, copper metal
' therefrom. and noble metals.

the sulphating
- -lphuumde.mdﬂwlphnnﬂlunl]hm

At with oxygen. 0
5. A method according to claim 4, characterized n

T ithet at least part of the sulphating agent comprises
leaching solution which has been recirculated: subwe-
quent to recovering copper therefrom.

(AnﬂwmmdmI.Mm“
that the roasting stage is & magnetite yielding
and is effected ot a temperature of $00°-1100" C.

7. A method acconding to claim I, characterized in
that nioke] i recovered from the leaching residue by
meitmg and reduction, t© form a nickel-iron-alloy.

&Ambdmh;mdm?whn-ﬂlﬂ-
phﬂcm:ﬁlhmmuhm
by recovering noble metal from the lesching residue
prior 1o the melting stage.

roasting ssid mineraly; sulphating enid rossted miner-

als in a scparute stage;

-hehnsndnlphudmhwhmnm

solution and a residue; recovering copper from sid

m‘&mﬁmaﬁehdﬂd
oxide from ssid leaching residue, whereby substan-
tinlly all of the nickel content of the mineral -is
recovered

15. The method of claim 14, wherein sid

sulphating

Q.Annhndleeudn;toehlmlwhunﬁdnl- 35 step b porformed without the addition of sa alkali sal-

phide minerals also contin noble metals, characterized phate, whereby the sulphating of the nickel content js

in that the leaching residues sre smelted together with  ininimized.
themnkdmu;udthnheruﬂuntmdummd

BNSDOCID: «lI8  aBARLTTAI | »
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United States Patent ug t11] Patent Number: 5,626,648
Duyvesteyn et al. 451 Date of Patent: May 6, 1997
[54) RECOVERY OF NICKEL FROM BIOLEACH Primary Examiner—Melvyn Andrews
SOLUTION :mmq Agent, or Firm—Hopgood, Calimafide. Kall &
[75] Inventors: Willem P. C. Duyvesteyn; Matt
Omofoma. both of Reno, Nev. [57) ABSTRACT
A biclesching method is provided for recovering nicke! from
[73] Assignee: BHP Minerals International Ine., an are seiected from the group consisting nickel-containing
Reno. Nev. Isteritic arcs aad mickel-contwining sulfidic ores or concen-
trates thereof. Where the ove selected is a nickel-containing
. Iateritic ore. at least cne selective to the
Il ApptNo: 53130 e o & ot o koo gt a0 8
[22] Filed: Jul 17, 1995 salution thereof maintained st a pH ranging from aboat 1 o
. 3 ineluding a nutrient for the micro-organizm. The are may
[51] Imt. CL CRB VIS e in the form of a heap, or a charge in a vat, or as & skuy.
[52] US.CL ———___ 75/7T12; 75/743; 423/139;  Where the are selacted is a nickel-containing sulfidic are or
423/DIG. 17 ~ concentrate thereaf, at least one canyprising

75',"?_'."3' ore is added sx an agueous solnticn to the sulfidic ore or
concentraie mainiained at a pH of about 1 10 3, incinding a
nutriem for the bacterirm. The ore clther as a sloeey. a heap,
or a charge: in a vatis bicleached for a time sufficicnt to effect

[56} References Ciled the diasolntion of the mickel in the are and form & solution
thereof and a residue which is scpamted from the solotion.
PATENT DOCUMENTS The nickel is then selectively extracted fram the salution
Us- uging an ion exchange rcsin, and the mickel thercafier
4401629 /1983 Hmeock et ol e 42V139  extructed from the resin using & mineral acid.
54295655 771995 Spencer et al. . 423MAG. 17
501078 271956 Qak 429568 14 Claims, Ne Drawings

BNBDOCID: <UB_ S820848A1_L >
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1

RECOVERY OF NICKEL FROM BRIOLEACH
SOLUTION

This invention reiates to the recovery of nickel from -

solutions generated from the processing of nickelifemrons
axide or sulfide ares by hicleaching.

BACKGROUND OF THE INVENTION

It Is known to recover mickel and/or copper from sulfidic
ares by commionting the are v a finely divided state,
subjecting the conuninuted are to froth flotation to upgrade
the metal content thereof, and roasting the concentrate in an
oxidizing atmosphere 10 remove the mlfor therefrom as
S0,. followed by the reduction of the oxidized concentrate
at an elevated tempersture with a carbonaceous material to
form molien nickel which is cast to provide pig nickel for
use in the manufacture of stainless steel.

The foregoing method hag certain disadvantages particn-
larly with respect to the formation of SO, which is usde-
sirable. Unless the SO, Is convexted to sulforic acld on site,
the SO, cffiuent rcleased into the mtmosphere preseats

problema,

. environmenial

Nickel-containing sulfidic minerals and Isterites are the
two major mw material soorces for aickel. The Iaterites are
abundantly distributed twonghont the world.

However, onllks mickel slfide ores. eannct be
concentrated by froth flotation ar magnetically. Compared 1o
other ores. the nickel content is low, for example, may range
from 0.5 to 1.5% nickel by weight, with the cxception of
deposits In New Caledonia and Indopesia in which the
amount of nickel is of the order of up to about 3% by weight
which is quite high.

It bas been predicted that by the end of this cenimry.
Intezites will became the major source for the production of
mickel .

The conventiona) process for recovaring nickel from
lateritic ores is somewhat cnagy intensive in that the mickel
is extracted from the are by high presmure lesching o
clevated wemperstore in an antoclave.

For example. onc process for recovering nicke! and cobak
from Istexitic ares Is the well known Moa Bay process
ixvolving acid Jeaching at elevated temperatures and pres-
sures at which iron oxide and aluminmm oxysulfite are
substantially insoluble.

In the Moa Bxy process, lateritic are &t minus 20 mesh
(95'% passing 323 mesh U.S. Standard) is pulped to spproxi-
mately 45% solids and the nickel and cobalt sclectively
leached with anfficient snifaric acid at clevated tempemstire
andd pressure {e.g. 230° C. to 250° C. and 403 10 580 psin)
to salubilize shout 93% each of nicke] and cobalt in ahout
60 to 90 minutes. Afier pressare Iet down. the leached pulp
is washed by countercoavest decapiation with the washed
pulp going to tailings. The leach salution pH. which is quite
low (e.g.. between 0 and OLS), Is then pentralized with coral
muud to a pH of about 2.4 in a series of foor tanks at a total
rewention ime of sbout 20 mimmizs and the thus-treated
product liquor (containing about 5.65 gpl Ni. 0.8 gpl Fe and
2.3 gpl Al), sfter solid-liquid separxtion. is then subjected to
sulfide precipitation. The leach Jiquor is preheated apd the
salfide precipitation carried out using HoS as the precipitat-
Ing reagent in an agtocizve st sbout 120° C. (250° F)and a
pressare of about 150 palg.

2

The solotion containing nicke! and cobalt was then neo-
tralized with ammonia to a pH (5.35) suificient to preciplinte
any residual jron. alumivam, apd chromimm presest osing
air as an oxidizing agent.

The precipitnte was thereafter from the salation
and the pickel and eobeit solution then adjusted to a pH of
about LS. H,S was added to precipitate selectively any
copper, lead and 2inc present. The precipitaie was separaied
from the solution by filirstion and the nicke] recovered by
various methoda. Ons method compxised treating the nickel-
costaining salution with hydrogen at elevaind temperstore
and preasure to produce nicke] powder,

The aforementioned method, as stated bereinbefore. had
certain cconomic The conversion of mixed
nickei-cobalt sulfide into salable separatn nickel and cobalt
prodocts was very expensive and there was no market for
mixed miide precipitaes,

It is kmown to subject gold-bearing suifide ore to axidative

Such methods are disclosed in US. Pat. No.
4,729,788, Na 5,127,942 and No. 5,244493, The sulfidic
material {s gronpd, placed in heaps ar piles ar pulped or
ashuried and hiclesched to axidize the snlfide minesal
bacteria st temxperatures of about 15° C. to about 40° C. The
sulfide particis containing gold occiuded within it s blooxi-
dized to physieslly free up the gold for removal by cyanide
leaching or other types of Jeaching,

Anempts to use hioleaching to recover base metals, such
as nickel, have aot been attractive encugh 1o wamant the
bullding of & commercial plant, particolarly since technol-
ofy was ot In place econoenically at the time for recovering
mickel from the solution which were quite dilute at best,
axcept for the use of solvent extraction by means of which
more concentmted solntions could be produced for the
subsequent recovery of nickel. The of mickel fram
low grade bialeach solntions by solvent extraction has its
probioms fn that (1) there are arganic solvents that prefer-
catfally extract nickel from mized feic fron-nickel con-
taining sointions soch as shown hereinafter in Example 2
and (fi) the micro-osganisms present in the bioleach solo-
tions tend to adversely affect the separation of the organic
phase from the aqueous phase.

The problem with ferxic iron is that either the ferric Jon
will preferentislly load on arganic solvents, such as DEPHA
(di-2~cthyl hexyl phosphoric ackf) or it will oxidize the
active ingredient in arganic solvents such as Cyansx 272;
301 und 302 Theso reagesis are sold by the American
Cyanamid Company with the following active ingredicnts:
phospharie, phosphosic and phosphinic acids,

“Third phase”™ formation dnring solvest extractions some-

compatible
exumple, Thiobaclilys ferraxidans is In essence a sulfor-
loving bacterin which presents problems im solvent
extraction, particularly when the organic salvent containg
sulfor, such as in sulfonic ackd. Simce
many nickal culfide ore bodies have a metal cot-off grade of
arcund 0-2% to 0.5% M. & at once becomes apparent that a
mathod is needed to eashie the production of nickel soln-
tions of sufficlently high concentration from which the

¢ nickel can be recovered economically. Thos, low grade

nickel ores, in cesence, conld then be treated the same s &

high grade are with the same economical advaninges.
Recent work conducted in the bioleaching of ares has

In the original scheme for tresting the mixed solfides, the indicated chat low grads ares can be economically leached
sulfide precipitate was washed and thickened to 2 solids &5 using bacteria as & means for effocting the dissalntion of
content of 65%. It was then cxidized in an antoclave stabout  metal, eg. mickel and/or cobalt, imto an aqueous acid

177° C. (350° F.) and a pressure of sbout 700 pelg.

BNBDOCID: «US___EA0S48A1_| »
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An advantage of bioleaching. while ime dependent. is the
fact that it is not coagy and cost intensive. The preguant
solution obtained, however, Is quite dilute.

One biolesching method proposed foar the recovary of
nickel from sulfide ores is disclosed ip Canadiap Patent No.
2.065.491 which issued on Oct. 9. 1992

According t0 the Canadian patent, 2 method disclosed
comguises crushing the sulfide ore which ks thereafter
farmed into a heap and the ore besap percolsted with an iron
sulfate sobnion which. optionally, carries bacteria, such as
Thiobacillus farraxidans, Thiobacillus thlooxidans or Lep-
tospirilium ferroxidans. By virtue of the cxidation of the
sulfide orc. the generation of sulfuric acid ocours. thus
forming a sulfate soluion.

Sulfaric acid or an alknli. mchnlm:.uadddmlhe
solution. if necessary. to contrul the pH 10 a muge of sbout
1.2 to 3, preferably from 2.3 to 2.5.

An anaerobic bacterium is added to the sulfate solution to
cause the precipiiation of the dissolved metal as an insolnble
sulfide. thus upgrading the metal into a highly concentrated
form which then mnst be treated to rocover the metal, eg.,
mickel

To bring about sulfidc generation of the dissalved metal
(c-g-. mickel). a bactegum. refeoed to a5 Desulforvivrio
Desulfuricans, may be added to the salution. After the nickel
sulfide precipitates, it iv scparmted from the solution
provide & concentrate high in nickel which must be further
treated. such as by high pressure leaching ot an elevared
texoperature in the presence of sulfuric acid w0 produce &
nickrl sulfate solotion from which the nickel is extracted by
known conventional methods.

In a paper cutitied “The Solubllization of Nickel, Cobalt
and Fron From Latertes by Means of Organic Chelating
agents™ (Denis I McKenzie et al, International Journal of
Mineral Processing” 21 (1987) P.275-292). a groop of
carbaxylic acids were mentioned as chelsting agents. inclod-
ing Oxalic Acid. Gitric Acid, Textaric Acld, among others.
The efficacy of the arganic acids &t patural pH were com-
pared to Hy,S0, (13 mM final concemmtion). Over & 456
hour period, using 15 mM coacentrations of acids with 2
grema of are (West Ansiralisn ore) in 150 ml of H.O. Oxalic,
Citric and Tartaric aclds samcwhat favarably with
H,S0,. Amount of nickel dicsolved in ppaon was 303 for
H-S0,. 18.5 for Oxalic acid. 20.2 for Citric acid and 16.3 for
Tartaric,

The same acids employed on Indonesian ore showed that
the nickel dissolved amounted to the ing: Citric Acid
8683 ppm. Tartaric Acid—708 ppm. Oxalic Acid—318 ppm,
cic.

In & paper entitled “Microbial Leaching of Nicke] from
Low Grade Greek Laterites.” Mineral Bioprocessing, TMS.
1991 page 191-205, the authors indicate a variety of het-
eratrophic micro-arganisms that can produce such orgamic
acids. They include: seperigillus and penicillia concentra-
tions of around 40 grams of arganic scid which were readily
produced by these microcrganisms.

Close to 70% of the Ni and less than 5% of the Fe wero
solnbilized after a 51-dxy leaching perind firom a latevite ore
containing about 19% Ni and 30% Fe. This wark also showed
an jmproved extraction when the organiams plus the culture
was given: "Once the organizms sttach thamselves to the
surface of the miperal graing, a high metal concentration
gradient is experienced which could be taxic to the argan-
jams spurring them to produce more citvie acid (posaibly as
a defense recponse) which subsequently leaches out meowe
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ions from the minera] graing ™ Xf the toxic metal were to be
removed from the solution. as proposed In accardance with
the present Invention. either during the leaching process or

intesrupted by it. the leaching Linstics will be enhanced
significantly ¢o long as a low level of the tomic metal is
intxined

One method of hesp Jeaching with nutrlent salutions
contalning at least one micro-organiams include those
selected from the group consisting of the fungl Asperglilus
Niger, Penicillinm Sp.. Aspergiling Sp.. Penicillium Simpli-
cirsimus and the bacteria Enterobacter Spp.. Bacllin Spp..
and Achramobacter Spp. - -

1t would be desirable to provide a process far hioleaching
relatively low gradc as well as relative high grade nickel-
coniaining Isteritic ores and sulfidic ares or concentrates
thereof In combination with a novel method for concentrat-
Ing the nickel idns in solntion from which nickel is eco-
nomicslly recovered.
OBJBECTS OF THE INVENTION

% iz an object of the invention to provide a hicleaching
process for the direct production of nicked metal by treating
nickel-conteining lateritic ares or nickel-containing sulfide
ares or concentrates thereal (hercinafier referred to as
an imermediate nicke] sulfide production stage.

Anothey object is to provide a bioleaching process for
treating nickel-contalning ores in an economical and effi-
cient manner.

Those and other objects will clearly appear from the
following disclosure and the claims.

SUMMARY OF THE INVENTION

Stating i broadty, lheinvmnntddesmnﬂdﬂ:bmg
and nickel recovery method for the extraction of mickel from
an ore selected framn the group consisting of nickel-
rial

‘Where the ore Is a nickel-containing laieritic are., st least
one micro-orgamism which systemieslly can produce an
arganic ackd selecrive to the leaching of sald ore is provided
dispersed in an aqueous solution containing natricnts and the
are contacted by said solution.

The Interitic are may be contacted by the leach solution in
several ways. One method is to leach in sitn, that is, by
contacting sn ore body in the ground with a micro-organism
conteining Jeach solution by drilling access holes into the
are body and allowing the solution to parcolate into the are
body and stored therein for a residence time sufficlent to
allow the micro-arganism to cffect lesching of the ore. This
type of leaching is time dependent In that the micvo-
arganisin contaiping solution is maintained in the ore body
for a substantially long period of time. Another method is to
wmmmmmhﬂh‘wm

The micro-organiam selected for leaching the laterdtic ore
is one which systemvically produces an arganic acid condu-
clve to forming a complex with nickel, the micro-organism.
selected preferably being one that systemically produces
such orgmnic scids as Oxalic Acid, Pyruvic Acid. Citrle Acid,

As [lingtrative of soch micro-organisms, reference is
made to Aspergillus Niger and Penicillvm Simpliccimus.
‘These micro-arganjsms are refeyred to as fungi which sys-
temically secret exganic acids, These fingl grow well In a
glocose solation.
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It has been Indicated that ateritic ares are leachsble with
muemq:maﬂuwmommmngm beused
to manufactore salntions contuining organic acids and the
arganic aclds can then be udlnenniimluwlh inar-
ganic aclds to leach and compiex nickel and cobalt from
Iaterite,

mnumummmmw
in the hinleaching of laterites to form a meta)-containing
lixiviant, very few. if any. address the need of recovering
nickel from the lixiviant and to separate nicke] from fexric
jron to provide solntions containing sufficient amount of
raesal, eg., pickel, for recovery by clectrolysds ar other
methods. -

‘Where the are is & nickel-contsining sulfidic material. the
bacterial leaching whether by stivred resctor, hesp or vat
leaching, is camied oot using at least one bicoxidizing
bacterium selective to the leaching of the sulfidic ore.

As illoxtrative of bicoxidizing bacteria. the following Bst
of bactexia is given: Thlobacills thiooxidarns, Thiobacillus
Jerroxidans, Leptospiritum specics, Sulfobacillns,
Thermosnifidocxidans. Sulfolobus brisrieyl, Sulfolobus

sulfemaricus.

about 80° C or 90° C

A prefered method for extracting the nickel from the
bialeach solution and at the sawe time Increase its concen-

The xickel loaded resin is then stdpped with a mineral
acid. eg.. sulfuric acid. The snount ar volume of sulforic
acid used should be snficicnt to provide a concentration of
nickel
is a prefesred method of recovering smbstantialty pore nickel,

As {linstrxtive of the invention, the following examples
are given:

A lstexitic ore analyzing 22% Ni. 10% Mg. 18% Feand  aqueows mickel

30% Si0, is subjectsd to bioleaching by employing 2

BNSDOCID: «UB__BERAB4BA1_ | »
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micro-organism which systemnically produces a carbaxylic
acid selective to camplaxing the nickel in the are.

The are is alurrded in an aqueons ontrient solotion con-
taining the nutricnts 100 gpl sugar. 1.2 gpl NHH,PO,, 0.5
gl EQ, 0.5 gl MgSO,7H.O in the presence of the fangi
Aspergilizs Niger at a pulp deasity of about 30% for sbont
120 hours. The fungus systemically produces the aoboxylic
acld clirdc acid which complexes the nickel to prodoce
nlckel chrate

When the texm “mitriont™ is used with respect to the
bacteris or fungi disciosad heyein aad ofher micro-arganinms
employed in it is to be yndextood that jte
meaning is well mown to those skilled in the et as to the
corrventional mrrients employed.

Faollowing the bicleaching of the Iateritic are, the biolcach
sinrry obtxined is separated into a solid leach residue and an
aguoous mickr] containing solntion.

The aqueons nickel-containing solation is thereafter con-
tacted with a resin having the active ingredient bis-
picolylamine dispersed therefimongh by nsing any of the
kmown methods of recovering elements from salution by fon
exchange (fixed bed jon exchange., continnous counter cor-
rent jon exchange. shart bed reclprocating flow or the
carcasel method).

The foregoing method of bioleaching the ans muy also be
camied out by hoap leaching wherein the binleach solntion
is caused over a period of time o trickis gravimetricaily
timough the interstices of the hesp and the effinent therec!
recycled to tho heap. if necesvary,

Vit leaching may aleo be amployed whereln the are 1s
placed inio a imge vat and saturnied with the biclcach
scintion which reacts with the are over &
prolonged peciod of thne to effect dissolution of the nickel
in the are.

Afier & deteymination hes beon made thet a mbstantial
smount of nicknl bas beon dissclved, the micke]
solmtion is clayified, e.g.. by filtering, and the clarified nickal
salution than contacted with an resin specific
to the absorption of nickel, the resin being one containing
thnﬂvsmpﬂhumﬂm

seplace some
of the nicknl, and asalyzing 0.5% to 12% Ni, 0.2% to 0.8%
Co. 28.0 to 54% Fe. 21% 10 34% S, 3.0% tn 13% SIO,, the

The ore is shivied in an aqueons nutrient solution con-
mo.smm,so..mmm,m..mo.mnl
MgS0,.7H,O in the presonce of mesophilic thicbacilios
type bactesia (35* C), such a5 one or mare of moderme
thermophiles, THS (45° C). and cxireme thermophiles,
Acidianns Brierloyi (65° C) and Snlfolobos acidocaldaring
© 907). The pH of the sluyy is inltially adjusted to
w:ﬁ@mmﬂmymumm

Fallowing tha bloleaching of the nickel-beariag sulfidic
are, the durry is separsted into & solid lesch residee and an
sointion. Where resin is present

~conteining
i the aluxy, Le.. resin in pulp (RIF), the slorry is separated

55’3
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into solid leach residue, a nickel-Joaded resin. and a barren
nickel-free sajution

Following solid-liquid sepamation, the resin is stripped
with a mineral acid to obtain a pregnant solution containing
aboit 10 to 25 gpl nickel such as nicke! chlaride. mickel
sulfate and nickel nitrate. depending on the acid used.
obtained as fallows:

Nicksl Dissolntion Sohion Comcontyation™

Loaching Tume Nioke]  Nickal Nickal Tron
- duyn Om™ Copeeniree™ gremfliter  gramilier

0 0 0 005 020

3 8 6 041 106

7 14 13 210 oss

10 17 & 3m 506

14 n ™ 300 i

17 37 57 330 406

®)Nickn] Onz Ni 0.59%, Co 0.17%, Fo 54%, § MA%, & 14%
Tfickel Coneeptraw: Nl 12.9%, Co 0™, Fe 775, 8 21.2%, 5i 619

Although the present invention has been described in
conjunction with preferred embodiment. it is to be under-
stood that modifications and varistions may be resorted to
without departing from the spirlt and scope of the Invention,
a3 those skilled in the art will readily upderstand. Such
modifications and varistions sre considered to be within the
parview and scope of the invention and appended cislms.

'What i claimed is:

1. A hioleaching method of recovering nicked from an ore
selected from the group consisting nickel-containing later-
prises:

where the ore sclected Is a nickel-containing Iateritic ore,

at least one micro-organism selective to the leaching of
the Isteritic are is added to an aqueous shory thercaf
maintained st & pH rangiog from about 1 to 3 including
a nutrient for eaid micro-organiam;
sald at least one micro-crganism nsed In leaching sald
Iatexitic are being a fungl that systemically produces a
carboxylic acid conducive for chelating the nickel in
the ore and thus prodace a solotion conlaining nickel;
where the are selected is a nickel-containing snlfidic are
or & concentrate thereof. at least ope micro-organism
comprising an ore biocoxidizing bacterium selective to
the leaching of suifidic ore is added to an aquecus
shury of asid soifidic ore maintained at a pH of sbout
1 1o 3 including a nutrient for said bacterinm;
the biooxidation of mid orc being effecied by using at
least one bacterinm selected from the consisting
of Thiobacillus thiooxidans, Thlobacilius ferrooxidans,
Leptospiritum species. Sulfobacilius,
thermosulfidooxdans & smilar species. Sulfolobus
brierieyl, Sulfolobus acidocaldarius, Sulfalobus BC
and Sulfolobur sulfasaricus;
bioleaching a shury of said selected ore for a time
sufficient to effect the dissolution of said nickel in said
arc and form a pregnant solution thercof and a reaidue;
separniing sald nickel soluticn from sald residuc;
contacting said separsted nickel sohution with an ion
exchange resin containing as sn active ingredient bis-
picolylamine specific to the absorption of said micke]
and thereby farm a nickel Joaded resin;

BNSDOCH:: «<US___GEBS48A1_|_»
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extracting said absarbed nickel from seid resin by con-
tacting sald resin with & mineral acid solution;
md:ewvmngmdmnhlﬁmmdmh:nldduﬂn—

Z.Themuhodddnml

wherein the carboxylic acid systemically produced by
said fongi bacterium is selected from the group con-
sisting of citvic. tartaric. pyruvic. oxalic. lactic, glycal-
lic and malamic acids. -

3. The method of claim 1. whereln the micro-organiam
used in treating the lsteric ore is selected from the groop
consisting of the fangi Aspergilius Niger, Penicillium
Asperglilns Sp.. Penlcillium Simplicissimus and the bacteria
Enterobacter Spp.. Bacillus Spp. and Ackramobacter Spp.

4. The method of claim 3 wherein said fungi is Asperglilus
Niger.

S.Themﬂ:odddllml wherein the ion exchange resin
containing bis-picolylamine as an active ingredient is added
in a particulste form to the leach dluny to produce thareby
a nicke] 1oaded resin. and the particulate nickel-loaded resin
then removed fram the shury by screening.

6. A bialeaching method of recovering nickel from an are
uwﬁmmemmnmgmmm-
itic ores and nickel-contalning mlfidic ares which com-
prises:

where the ore selecied is a nickel-contsining 1atedtic are.

at least one micro-organiam selective to the leaching of

the lsterftic ore is added 10 an aqueous sinmy thereof
mmmdatapﬂmdngﬁmubunlwsmdud:q
& notrient for said micro-organiam;

said at lesst one micro-crganivm used In leaching said
Intexitic ore being a fongi that systemically produces a
carbaxylic acld condncive for chelsting the nickel in
meuendlhulpodlullduﬁonmnmgnlnhl

where the cre salected is a nickel. walfidic are
or a concenirate thereof] at Jeast one micro-arganinm
camguising an are hioaxiizing bactrriom selective w0
the leaching of sulfidic are is added to an aqueons
alury of said soifidic are maintained st 2 pH of aboot
1 to 3 incinding a notdent for said bacteriom,

% _

forming » heap of said sclected ore ar cancentrate,
M sald hesp by passing a salution conmaining
said microorganism gravimetrically throngh said hesp

for a time sufficient to effect the diasolntion of said
nicke] in said are and form a pregnant solution thereof;

collocting said pregnant mickel solution following heap

conincting said pregnant nicke] solotion with an ion
exchange resin contaiping as an active Ingredient bis-
picolylamine specific to the sbsorption of said nickel
and thereby form a nickel loaded resin;

extracting said sbsarbed nickel from said resin by con-
tacting sald resin with a minerl acid solution;

and recovering said micke} from said mineral acid solu-
tion.

7. The method of claim 6,

wherein the earbaxylic acld systemically prodneed by
said fungl s selected fram the group consisting of
malonic acids.

1
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8. The method of claim & wharein the micro-organism
used in treating the lateritic ore i selected from the groop
consisting of the fungi Aspergilius Niger Penicillium
Aspexgillos Sp.. Penlclilium Simpiicissimus and the bacteria
Enterobacter Spp.. Bacilius Spp. and Achromobacter Spp. 3
9. The method of claim 8 wherein sald fungl is Aspergillus
Niger.
10. A hicleaching method of recovering nicke] from an
ore selected from the gronp consisting nickel-containing
Imteritic ores and nicknl-containing sulfidic ores which com- 10
peises:
wheare the ore selected is a niciel-containing Isteritic ore,
at lezst ono micro-organiam sclective to the leaching of
the lateritic ore Is added to an squecus slry thereaf
maintained at a pH ranging from sbout 1 to 3 including 15
a nutriest for said micro-arganism;

said at least ope micro-organism used in leaching said
Latexitic are being & fungl that sysiemically produces a
carboxyfic acid condoeive for chelating the picke] in
the are and thus produce & solution containing mickel, ¥

where the ore selected is a nickel-containing sulfidic are
or & conconirate thexeof. at least one micro-organism
comprising an ore bioaxidizing becteriom selective to

10

bioleaching said charge of ore in ssid vat by ssthrating
sald charge with the bioleach solution for a residence
time safficient to effect the dissolution of said mickal in
sald are and form a pregnant solution thereof and a
residue;

separating said pregnant nicicel solnting from said residue;

contacting said sepamated nickel solution with sn jon
exchange resin comtaining as an active ingredient his-
picolylamive specific to tho sbsorption of sid nicke]
and thereby form a nickel Joaded resin;

extracting said abscrbod nicked from said resin by con-
tactipg said resin with & mineral acid solation;
tion.

1L The method of claim 16,

whowin the cboxylic acld systemically produced by
sald fmgl is eclected from the group consisting of
citrde, trtade, pyravic, axalic, Iactic, glycollic and
malonic ackds

12, The mwthod of clsim 10, whexedn the micro-organism

used in treating the Intecitic oce b selected from the groop

the leaching of sulfidic ore is added to a0 aqUOWS ,y  gperyfiing Sp_ Peniciffium Simplicicsimus and the becteria

shury of said sulfific ore maintained at & pH of about
1 w0 3 induding a notrient for said bacterium which
comprises:

said st least ope hacterjon being selected from the gronp

Spp-

13 The mhnddddmﬂwllnﬂn said fusgl is
Niger

14. The method of claim 10, whereln the jon exchange

counsisting of Thiobucillus thlooxidans, Thicbacllius 30 resin contaiuing his-picolylamine as an active ingredient is

Jerrooxidens, Leptospiritim species, Sulfobaciilos.
thermosulfidooxidans or similar specics.

aidded in a particulxie form to the pregeant ndeice] solation to
produce thereby a nickee] loaded resin, and the particolsie

Suffolobus
brierisyl, Sxlfolobus mbmldarh-. Sulfalobus BC mwmmmmumhym
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conditions which facilitate the removal of the arsenic while
preventing back reaction with calcium contained in the gangue minerals
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smelting.

- PREFERRED METHOD - The inert atmosphere comprises nitrogen or an
oxidising atmosphere rendered inert by reaction with sulphur inthe
concentrate. Back reaction of the arsenic with calcium is prevented by
the evolution of bound water and sulphur from the gangue minerals in
the concentrate, being further assisted by using a purge gas to ramove
the evolved arsenic.

- USE - The removal of arsenic impurities from nickel concentrates
provides material suitable for smeiting.

- ADVANTAGE - The process reduces the level ot arsenic In the material
from 1.0 wt.% to 200-300 ppm. This is achieved by preventing the back
reaction of the arsenic with calcium in the concentrate by using
suitable heating conditions.
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PROCESS FOR THE RECOVERY OF METALS FROM THEIR ORES

The present invention relates to a proceas for the
recovery of a metal from a host material.

Recovery of metals from low-grade ore deposits can be
very expensive due to the large amounts of rock which must
be mined tranéported and treated. Conventione) recovery
processes maey not b'e economically viable in these cases.
For example an established method of recovering metal
values from such low g.'rade deposits has involved mining the
deposite and then grit;ding the ore to a fine size to permit
floating the liberated minerals. The grinding also pro-
duces some very fine particles of the ore which are too
fine to be recoverable by flotation. This is particularly
true in the case of very soft ‘ores such as molybdenite.

Certain ores, such as axides or sllicates of copper
are not amengble to flotation, and so the ore is oftem
leached with acida to recover the copper. However, such
acid leaching 1s not effective in racovering highly in-
soluble copper sulfide which may also be present and is in
general suacept-:l.ble toonly & very poor recovery of the
copper. The concentrates obtained from flotation steps
mey require further treatment for example by smelting or
roasting to obtain the wet&l values &nd these are problems
assoclated with these treatments.

For example molybdenite once recovered is converted to
molybdenum oxide by roasting it In the presence of oxygen
which may be supplied by air. In the course of the roast-
ing a great deal of heet is generated because of the
exothermic resctions producing molybdenum trioxide and
sulfur.dioxide. Additional or excess air over that
required for oxidation is frequently used during the

<EP__ 0o41001A1 >
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roasting to cool the burning mass to -prevent it- from-becom-
ing so that that it fuses, or that the molybdenum oxide
volatilizes. | '

During the roasting of molybdenite, rhenium which may
be present with the molybdenum 1s oxidized and at the tem-
perature of roasting becomes volatile. Given the large
volumes of gases emitted by burning organic feeds to
initiate the roasting, the large volumes of sulfur dioxide
from the roasting and the large volumes of airneeded to cool
the reaction, the recovery of this valuable rhenium is
difficult and expensive,

In roasting of molybdenite, the molybdenum oxide
being formed tends to coat the as yet unreacted molybdenite
and form an insulating layer which inhibite further reactiom.
Ag the heat and oxygen necess'a;:y to reaction must pass
through this layer, it 1s difficult to obtain a complete
roasting of the molybdenite. -

' Various processes in which metal compounde contained
in ores are converted to other more readily recoverable .
campounds have been proposed.

It is an object of the invention to providé 4 process .
for the economical recovery of metels from host materials
such as low grade ore deposits. _

According to the invention, there is provided a
process for the recovery of & metal from & hopt ‘material
wherein the metal is present in the form of a’'first compoumd
and the host material is less &bsorbent to microwaves than
gaid first compound, characterized in that the process com~
prises subjecting the host material ;nd firat compound to
microwave energy under conditions in which the first com-
pound can be converted to the metal or to & second compound
which is more reedily recoverable from the host material,

BNSDCCID: «<EP_0041841A1_I_>
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By the use of microwaves, one can selectively heat the
metal values for example copper (whether oxidic or gulfidic)
or sulfidic molybdenum or rhenium without the necessity of
heating the whole rock mass, because the gangue 1is gub-
stantially transparent. to microwave radiation while the
aforementioned metal values are very effective in absorb-
ing the micraowaves.

Microwave energy 1s used in processes requiring heat
to recover for example copper from its oxidic or sulfidie
ore 8nd to recover molybdenum and rhenium from their
sulfidic ore. The microwave energy is used in processes
known to the art in place of conventional heat sources
thereby causing very rapid chemical reactione with sub-
stantial energy savinge. Because the microwaves heat
and activate primarily the metal component of the ore
and not the gangue, they are useful far treating lower
grades of ore than could be ord:l.nariloy economically treated.

The effects of microwaves on metal values contained
with orea does not appear to be related in any predictable
wvay to the chemical or physical properties of such metal
values. For example, it has been foumd that copper in
its oxlide, sulfide or silicate forms 1s very susceptible
t heating by microwaves of 915 megehertz or 2450 mega-
hertz, whereas zinc oxide or sulfide does mnot respond, or
responds only.slightly. Likewlse, it hasg been found that
the sulfides of molybdenum and rhenium absorb microwaves.
It has also been found that nickel, cobalt and manganese
oxides ebsorb microwaves, but the oxides of iron and
chromium, which are transitlion metals, do not absorb

microwaves.

Therefore the process can be applied to copper ores

BNSDCCID: <EP_O041841A1_L>
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in the form of sulfides such as chalcopyrite; bornite,
chalcocite and covellite, or oxides such as cuprite or
tenorite, the hydroxy carbonates such as malachite or
azurite, or as the gllicates such as chrysocolla.or to
molybdenum ores containing molybdenum disulfide or molyb-
denite. -

In the treating of copper sulfide ores or. concentrates,
the ore or concentrate may be heated by microwaves in the
presence of oxygen either 28 & pure gas or diluted as in
air. The microwaves may be applied to heat the copper
sulfides sufficiently in the presence of oxygen to convert
them to sulfates (a "sulfation rosst", well known in the
art), or to hcat the sulfides sufficiently to produce the
oxide and sulfur dioxide. Heating to produce the sulfate
is preferred as requiring less energy.

The copper, now as & water soluble sulfate or_ﬂc:ld
soluble oxide, can be leached and recovered. As an example,
it might be recovered from the water leach by solvent
extraction and then stripped with sulfuric acid, and
electrowon. The use of organic solvents to extract copper
and the electrowinning of the extracted copper is well known
and practiced commercially. Heretofore, however, there was
no practical means to convert the copper sulfides to
soluble sulfates without expending an excessive amoumt of
energy. It was necessary either to grind the ore to
liberate the copper sulfides, float to & concentrate and
then roast the ore, or use an excassive amount of heat to
heat the whole ore, both desired mineral and gangue, to
reaction tewmperature,

In the conventional grinding and flotation of copper
sulfide ores, & portion of the ore reports to slimes which
can be finer than 10 microms and very difficult or impossible

ENEDOCID: <EP_0041841A1_)_>
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to recover by flotation. . These slimes can readily be
separated by cyclones and other physical means, but the
resulting sulfide concentrate is too low grade to be
recovered conventionally. Because the microwaves used
will selectively heat all the copper sulfides to a tem-
perature where they will be converted by a flow of oxygen.
to sulfates or oxides which are water or acid soluble, the
problem of fine grains of ore reporting to the slimea is

0041841

eliminated and it becomes practical to recover the copper
from such concentrates.

An alternative to the oxidation of copper sulfide
concentratea 1s the chloringtion of sulfide and oxide ores.
Frequently, large copper sulfide ore bodies are overlain
by mixed copper oxide-copper gulfide ores in which the
copper is difficult to recover. Such ores, when heated
with a chlorine ion donor such as ferric chloride or cupric
chloride to a sufficient temperature in the 2bsence of
air, can be converted to copper chlorides which are water
soluble and from which the copper cen be recovered by tech-
niques which are well known. Heretofore the expense of
heating the whole rock mass wap considered too great for an
economlc recovery of the copper. These types of ores and
such oxidic ores ag malachite, azurite and chrysocolla
lend themselves to recovery by blending the ore with a
source of chloride ion such as chlorine gas, ferrous
chloride or ferric chloride, cuprous chloride or cupric
chloride, and drying. The dried copper mineral and
chloride fon source are then irradiated with microwaves
in the absence of air, and i1f ferrous or cuprous chloride
is used, in the presence of chlorine. The mlcrowaves heat
the copper minerals to reaction temperature, forming wvater

ENSDQCHD: <EP__XM1B41A1__»
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soluble or brine soluble chlorides. -
The raactions may be illustrated as follows:

3 Cu0 + 2Fe013_——-——> 30u612 + Fe e, 3

3 Cuo + 2Fe(:12 -I-Glz—_.-——.—-ySCuCl + Fez a
CuFeS, + 3FeCl, 3 CuCl + &FeCl, + 28
CuS + 2FeCl; ——5CuCl,t+ 2FeCl, + S°

CuFeS, + 3CuCl, — 3 4CuCl + FeCl, + 28°

2
CuS + CuCl, — 5 2CuCl + s°

Where molybdenite &and rhenium sulfide occur with a
silicate gangue, the microwaves selectively heat the moly-
bdenite and rhenium sulfide to a8 temperature where roasting
with air or oxygen produces molybdenum and rhemium oxides
and sulfur dioxide. Because the mierowaves are selective
for the sulfides, it is not necessary to heat. the entire
mineral mass to roasting temperature, - '

The formed molybdenum and rhemium oxides are then
conveniently recovered by leaching with ammonia or with
caustic soda, and then treated by well known processes
to precipitate molybdenum and rhenium compounds. Alter-
natively, the molybdenite and rhenium sulfide can be
chlorinated to molybdenum and rhenium chlorides which are
volatile by selectively heating them in their ores in the
presence of chlorine., Again, because only the molybdenite
and rhenium are heated by the microwaves, the whole gangue

‘mags does not have to be heated. The chlorination reaction

has a preferred temperature of at least sbout 600°C. This
is readily achieved with the microwaves.

In roasting of a molybdenite concentrate the moly-
bdenite can be brought to roasting temperature by the
use of wmicrowaves. This obviates the need for combustion
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of fuel to supply heat and thereby permite &8 more closely
controlled roast and one in which the total gases produced
are less. Because the microwaves pass through the trans-
parent molybdenum oxide as it is formed and heat the moly-
bdenum sulfide, the fact that there are oxide coatings
does not inhibit the reaction &nd & more complete roasting
can be accomplished in a shorter time. The thermal
difference between the heated molybdenum sulfide and the
unheated molybdenum oxide is sufficient to destroy the comn-
tinuity of the oxide coating.

Inasmuch as the molybdenite &nd rhenium sulfide are
heated internally by the microwaves, it is not mecessary to
grind ore so fine that the particles are liberated. It is
sufficient that a surface be exposed so that the roasting
conversion to molybdenum and rhenium oxides or the chlorina-
tion reaction to molybdenum and rhenium chlorides can occur.
The removel of the necessity for fipe grinding can greatly
decrease the overall emergy required for the recovery of
molybdenum and rhenium.

Processes embodying the invention will now be particu-
larly described by way of example.

The process is applicable to the treatment of sulfides
or oxidic (including oxides, hydrocarbonates and si-lical:es)
minerals of copper and to treatment of sulfitic minerals
of molybdenum and rhenium in the presence of oxygen or
chlorine.

It 18 preferred that the ore or concentrate of copper
be crushed so that it is readily handled in the microwave
reacting unit. It is not necessary that the ore or con-
centrate be finely ground, Generally, with respect to &
copper ore, grinding to 1/2 inch or finer is satisfactory.
It 18 preferred that the molybdenum and rhenium ores be
ground to a size of 12 mesh or smaller so that the indi-
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vidual particles of molybdenite and rhenium sulfide have at
least one surface exposed to the gases to be used for
reaction.

It 18 preferred that the ore.or concentrate be dried
by conventional means prior to the microwave reactionm.
Water 1s an excellent absorber of microwaves and can
readily be removed by microwave irradiation, but this is
an expensive means of .removing water and %f there are
subatantial amounts present, it may be preferable to remove
it by conventional means. However, where only a little
water 1s present or where there is insufficient water
present to justify its separate removal, it can be removed
in the course of the microwave irradiation.

In & sulfation roast where copper sulfides are con-
verted to copper sulfates, it is preferred to irradiate
with microwaves for a sufficient time to heat the sulfide
minerals to temperatures of between 350°C and 700%¢. At
higher temperatures there 1s a tendency for copper irom
oxide ferrites to form which are soluble only with diffi-
culty, Air or oxygen c&n be used as the source of oxygen.
Generally, irradietion times of less than 15 winutes will

. be sufficient to reise the copper sulfide particles in the
ore or concentrate to reaction temperatures, although the
precise time of irradiation will depend upon the power of
the microwave source and the precise nature of the gangue
asgociated with the copper sulfide., The time must be
sufficient to convert substantially all of the copper metal
valua to 'soluble compounds,

Following irradiation of the copper sulfide, the ore
or concentrate may be leached with water or with acidified
water to dissolve any copper oxides as well as the copper

BNBSDOCID: «<EP___ 004184141 1 »
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sulfate formed. The soluble copper may be recovered by
solvent extraction and electrowinning.

‘In & chlorination reaction it is preferred to treat
the ore or concentrate with a ferrous chloride solution
containing sufficient ferrous chloride so that there will
be &t least & stoichiometric quantity of ferrous chloxide
which will convert to ferric chloride in the presence of
chlorine gag and react with the copper minerals present.

The ore or concentrate can then be dried. It 1is mot
necessary to dry completely nor to remove the water of
hydration agsocirted with the ferrous chloride. Altexr-
natively one may use cuprous chloride and chlorine gas,
although ferrous chloride is preferred. Also, altermatively,
one may use ferric chloride in place of the ferrous chloride
and chlorine. If ferric chloride is used, it 1is preferred
to blend the dry ferric chloride with the dry ore prior to
irradiation., The ore and reagents are then reacted by
being heated by the microwave radiation. It 1is preferred
that temperatures of the copper mineral ° be at least

300°C for all reactions except the sulfation roast, The
mass of the gangue will of course not reach such temperatures.
The time of irradiation will depend upon the power of the
microwave source and the gangue minerals present, but in
general will be shorter than 10 minutes.

Microwave heating can be used to selectively heat the
molybdenite and rhenium sulfide to reaction temperature
in the presence of chlorine to produce molybdenum and
rhenium chloride 2nd elemental sulfur. <The operative
temperature for this reaction is at least 300°C and 600°C

BNBDOCID: <EP__CO41841A1__>»
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is preferred, After chlorination, the molybdenum and
rhenium chlorides can be processed by known means such as
hydrogen reduction to produce the metals, or by reaction
with wvater and ammoni2 or caustic to produce the oxides.
The reaction time for either roasting or chlorination will
depend upon the grade of the material being treated. Very
low grade feeds will have a certfin amount of heat loss to
the surrounding gangue by conduction away from the heating
molybdenum and rhenium sulfides, There will be a propor-
tionately small heat loes from the exothermic oxidation
and chlorination reactions. The sulfides in very low
grade materials will generally be converted in 15 minutes,
end in high grade material in 3 to 5 minutes. Because
of the high speed of reaction'in the microwave field,
equipment size is minimal and great capital savings result,.

In the roasting of molybdenite, zones of microwave
energy can be advantageously used to provide additional
heat to the molybdenite, which is almost completely
roasted, carrying the reaction to completion. It is
poasible to combine the useful effects of microwave heat-
Ing with conventional processes. )

The following examples illustrate the process &nd
principles employed thereln. )

Example 1

The following materials were all irradiated with micro-
wave radiation of 2450 megahertez. Samples welghing 25
grams were irradiated for 6 minutes at powexr levels of
300 watts. Water was used as & ballast to prevent excess
heating of the microwave source because of the poor
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absorption of some of the materinl. The temperature was
measured as quickly as possible after irradiation.

Femperature ¢ 9fESE,

Material

Sand 36
Iron Oxide 34
.Sphalerite 34
Zine Oxide 38
Cupric Oxide 195
Chalcopyrite 324
Bornite 7 600
Chalcocite 124
Chrysocolla 108
Covellite 244

It is seen from the above results that zinc sulfide
and the oxides of zinc and iron are not appreciaply
heated, while the oxides, sulfides and silicates of copper
are. It 18 also noted that sand, which 1s representative
of the host material for the copper minerals, is not
appreciably heated.

Example 2

Twenty-five gram samples of the following meterials
were irradiated 6 minutes at 915 megahertz and & power
level of 250 wvatta. Water was present as & ballast to

prevent demage to the microwave source because of the

poor adsorption of some of the materials. As soon as
possible after irradiation the temperature of the material
was medsured showing the relative absorption of the
microwave energy.

Temperature °% after

Material 6 minutes irradiation
Sand 29
Iron Oxide 28
Sphalerite 34
Zinc Oxide 29
Lead Oxide 32
Cupric Oxide 70
Chalcopyrite 58
Bornite 73

BNBDOCID: «£F___ S041841A1_1_»
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Chalcocite 42
Chrysocolla 46
Covellite 79

The results show that the oxides, sulfides and
gllicates of copper are significantly more.absorbent
to mlicrowaves than sand, the oxides -of iron, zinc and
lead and the sulfide ore of zinc,

Example 3
A wixed copper oxide-copper sulfide ore from the

oxidized zone of the large porphyry copper ore body
contained 1.6 percent copper. Fifty-three percent of the
copper was present as copper oxldes and 47 percent of the
copper was present &8s copper sulfides. A 113.4 gram
sample of this copper ore, crushed to minus 1/2 inch but
not ground, was put in a contalner baving & flow of ‘oxygen
and subjected to 600 watts of 2450 megahertz radiation for
15 minutes. Sulfur dioxide was noted in the off-geses.
The residue was leached with sulfuric acid and water st
pH 1.0. Sixty-one percent of the copper was found to be
soluble.

Example 4 .

. A 120 gram sample of the ore of Example 3 was blended
with 11 grams of concentrated sulfuric acid and 3 grams of
iron ag ferrous chloride. It was irradiated for 10 minutes
with 600 watts of 2450 megabertz radiation under & chlorine
atmosphere. After cooling, the reaction mass was leached
with a brine solution. Eighty-six percent of the copper
wag soluble. .

Example 5
A 94 gram sample of the ore of Example 3 was ground
to minus 30 mesh and then was blended with 11 grams of
concentrated sulfuric acid and 3 grams of iron &8 ferrous
chloride, and dried. It was irradiated for 10 minutes
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with 600 watts of 2450 megahertz radiatiom. When cool,
it was leached for 30 minutes with a.brine leach at pH 2.2.
Ninety-six percent of the copper was soluble.
 _Example 6

Fifty-grams of & mixed copper oxide-copper sulfide ore
in which 85 percent of the copper is oxidic and the copper
content 18 0.77 percent was blended with 5.4 grams of the
sulfuric acid and 3 grams of irom 28 ferrous chloride., The
blend was dried and ground to minus 20 mesh. Under a
chlorine atwosphere it was reacted for 3 minutes with 600
watts 2450 megahertz radiation. It was then water leached
for 1/2 hour at pH 1.9 and 90 percent of the copper waa
water soluble.

Example- 7

One~hundred grams of a phorphyry copper ore containing
0.6 percent copper principally as chalcopyrite was ground
to minus 12 mesh. TUnder a flow of oxygen it was irradiated
at 600 watts with 2450 megahertz radiation for 20 minutes.
It was then leached for 30 minutes with acidified water to
pH 1.0 at room temperature. Forty-two percent of the
copper was water soluble,

Example 8

One hundred grams of a phorphyry copper ore containing
0.6 percent copper, principally & chalcopyrite, was ground
to minus 12 mesh. One gram of iron was blended as ferrous
chloride. The blend was dried and under a chlorine
atmoaphere was irradiated for 6 winutes at 600 watts of
2450 megahertz radiation. The cooled solids were leached
with a brine water solution for 30 minutes. Ninety-one

percent of the copper was brine soluble.

Example 9
Twenty-five grams of a chalcopyrite copper concentrate

containing 20 percent copper was blended with 5 grams of

BNSDOCE: GE'_MWHMJTP
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iron as ferrous chloride and dried, A blend of inert gas
and chlorine was used to chlorinate ths -chalcopyrite during
the microwave irradiation. To prevent excessive tempera-
tures, the irradiation was on for one minute and off for
three minutes. The lrradiation was on for mine minutes
at 300 watts and :Ei'.nally two minutes at 600 watts over a
time span of 40 minutes. The cooled reaction mass was
leached with weter with & little peroxide to oxide cuprous
to cupric chloride. Nintey-six percent of the copper was
dissolved.
Example 10

The following materials were all irradiated with micro-
wave radiation of the indicated wevelength and at power
levels of 600 watts for the 2450 megehertz radiation. Water
was used as & ballast to prevent over-heating of the micro-
wave generator where the adsorption of radiation wag 8light.
The radiation was continued for 6 minutes and then the

temperature of the substance was measured as quickly as
possible to determine the'relative absorbence of the micro-

wave energy.

300 watts
2450 ahertsz

Substance Temp

Sand 36
Iron Oxide 34
Zinc Sulfide 34
Molybdenite ' 212
Rhenium Sulfide 162
Molybdenum Oxide 33

It is seen from the above results that molybdenum'and
rhenium sulfides strongly absorb microwaves, while sand,
iron and molybdenum oxides and zinec sulfide do not appre-

ciably absorb microwaves.

BNSDOCID: «EP__0041841A1__»
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Example 11
The following materials were all irradiated with
microwaves of 915 megnhert-z and at a power level of about
280 watts for- 6 minutes. Water was used as a ballast to
prevent the overhaai:fng_ of the generator.

Material Temperature Incre&se °C
Sand 11
Iron Oxide 10
Z2inc Sulfide 14
Molybdenite 25
Rhenium Sulfide 28
Molybdenum Oxide 1l

Ag may be noted, molybdenum and rhenium sulfides
are better absorbers of the ra-.d:l.ltion than the other
wmaterials tested. -
' Example 12
A molybdenite mine rock waste which was too low grade

for recovéry of molybdenum by conventional practice, assay-
ing 0.054 percent molybdenum, wag ground to minus 14 mesh.
The minus 48 mesh fractionm was 24.1 percent of the weight,
sseayed 0,094 percent molybdenum, and represented 40 percent
of the molybdenum in the head sample. Fifty grams of this
minus 48 mesh materizal was blended with 0.5 grams of irom
a8 ferrous chloride and one gram of pottassium chloride.
The sample was dried. It wag irradiated for six and one-
helf minutes with 600 watts of 2450 megahertz radiation
in a chlorine atmosphere, Fifty-five percent of the
molybdemum was found to be soluble in dilute acid, leaving
a talling assaying only 0.041 molybdenum.

Example 13

A flotation reject which assayed 6 percent molybdenum
wag subjected to a flow of oxygen and 2450 megahertz
radiation for 15 minutes. The mass was allowed to cool and
wap leached with caustic at pH 13. Sixty-five percemt

GNEDOCID: <EF__OD41841A1_)_»
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of the molybdenum was found to have been roested and to be
soluble.

Example 14
One hundred grams of a commercial molybdenite con-

centrate assaying 53 percemt molybdenum was de-oiled by
irradiating with 600 watts of 2450 megahertz radiation
for 5 minutes. It was them subjected to 2 flow of oxygen
and irradiated -for 14 minutes to initiate the roasting
reaction. Subsequently, the irradiation was periodically
imposed in short pulses to return the unreacted molybdenite
to reaction temperature as it cooled. The irradiation was
on for 32 minutes over & two and one-half hour period.
At the end of the roast 91 percemnt of the molybdenum was
soluble in caustiec. -~
Example 15
Five grams of a commercial molybdenite concentrate

containing 53 percent molybdenum wes irradiated at 300
watts and 2450 megahertz for 35 minutes in a flow of
chlorine. The molybdenite was chlorinated. At the end
of the reaction the smell residue wes leached with caustic
to remove soluble molybdenum which had not been volatilized.
The yield of volatile and soluble molybdenum was 92 percent.
Example 16

Five grams of a molybdenite concentrate rich in
rhenium was irradiated in a flow of chlorine with 300 watte
of 2450 wegahertz radiation for 45 minutes, A caustic
solution was used to scrub the gases leaving the reactor,
and the residue was leached with csustic to pH 13.
Molybdenum recovered in soluble form was 61 percent of the

total molybdenum. Rhenium extraction was 99 percent of
the total rhenium.
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Erom the above examples, it i8 seen that the above
described process is effective for the recovery of copper,
molybdenum and rhenium from their ores, including ores too
poor for the recovery of metals by conventional processes.

While the recovery of copper, molybdenum and rhenium
from thelr ores have been particularly described, the
process in accordance with the 1n6ention 1s by no means
limited to these uses, It has been found that the
process is equally effective for the recovery of nickel,
cobalt, and manganese from their oxides end silicates
wherein the source of heat is microwave energy and it 1is
used alone to produce the metal or in conjunction with a
reducing agent, such as, hydrogem gas or a chlorinating
agent, such as, ferric chloride which serves as & chlorine
donar. The reduced metals are recovered by conventional
processes and metal values are recovered from the formed
goluble chlorides by conventional processes.

In contrast, it has been found thet the above des-
cribed process 1s not operable for many ores in their host
materials. For example, it has been found, as illustrated
herein, that sphalerite and the oxide ores of zinc and irom
are not appreciably heated over their host materials so that
the process cammot be used to recover these metal values
from these compounds in their host minerals. These examples
are only 1llustrative of many combinations of host materials
and ores upon which the process is probably mot operative,
It ca2n however, as a generality, be said that the process
1s operable on any host material-ore combinatiom in which
the ore or compound containing the metal value is
selectively heated over the host material by the microwave

energy.

ENSOCCIX: <EP___[O41841A1_L>
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The process can be used for the recovery of metals
from mixtures of compounds of d:l:E:Eereni': netals in mineral
ganguee or host materials which are less absorbent to
microwaves than the compounda. ]

The absorption of microwave energy by a given mata_t-ial
is 8 complex function which varies with frequency, and
therefore response will vary over a range of frequencies
and with different materials. Lower frequencles are
preferred. Microwaves of different frequencies may be
used at the same time, or on the same batch. Energy
should be applied for a sufficlent time to convert sub-
etantially all of the metal compound in the ore to the
required compound in the interest of efficiency.

ENADOCID: <EP__0041841A1_)_»
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CLAIMS

1. A process for the recovery of a metal from a host

material wherein the metal is present in the form of a

firat compound and the host material i1s less sbsorbent

to microwaves then sald first compound, characterised in

that the process comprises subjecting the host material

and first compound to microwave energy under conditions |
in which the first compound can be converted to the metal
or to a second compound which 1s more readily recoverable
from the host material.

2. A process according to claim 1, wherein the metal 1is
copper, molybdenum ox rhenitf.n and the host material is a
copper oxide ore, inecluding a hydroxy carbonate or
gllicate form, or copper sulfide ore, molybdenum sulfide
ore or rhenium sulfide ore respectively.

3. A process according to claim 2, wherein the ore is
molybdenite, molybdenum disulfide, chalcopyrite, bornite,
chalcocite, covellite, malachite, azurite, chrysocolla,
cuprite or tenorite.

4. A process according to any one of the preceding
claims wherein the first compound is a sulfide and is

heated with mlcrowaves to a temperature of at least
about 300°C.

5. A process according to claim 4, wherein the sulfide
is heated in the presence of oxygen to convert it to a '
sulfate or an oxide.

_ BNSDOCID: <EP_D041841A1 >
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6. A process according to claim 5, wherein the sulfide
is copper sulfide and it is heated with microwaves to a
temperature of from sbout 350°C to 700°C to comver it to
copper sulfate.

7. A process according to any one of claims 1 to 4,
wherein the host material and first compound are subjected
to microwaves in the presence of a source of chlorine to
convert the first compound to a chloride.

8. A process according to claim 7, wherein the first
compound is rhenium sulfide or molybdenum sulfide and is
heated with microwaves to a temperature of at least
about 600°C. -

9. A procese according to clalm 7, wherein the first
compound is copper sulfide or copper oxide and is heated
with microwaves to a temperature of at least about 300°C.

10. A process according to any one of claims 7 to 9,
wherein the source of chlorine is chlorine gas, ferrous
chloride, ferric chloride, cuprous chloride, cupric
chloride or mixtures thereof.

11. A process according to elaim 10, wherein ferrous
chloride is added to the ore and the chlorination reaction
is initiated by the addition of chlorine gas to promote
the formation of ferric chloride.

BNBOOCID: <EP_Do41841A1_L>
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ABSTRACT OF THE DISCLOSURE
A method in connection with roasting espacially ‘with
sulphatixing ar chloridiziog rossting sccording to which
after g sultabls roasting time the processed material is re-
moved from the rossting apparatna and the material is
separated iato two or more fractions in a suilable man-

The presant invemtion relstes to a method in connec-
tion with roasting especially with i or chlori-
dizing roasting and the object of the invention ir to re-
dace considerably the treatment time for the material in
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_!ywryiuoutnmmﬁemctmm
lizing roasied product after 4 hours of process trestment
a faction was obteined emounting to between 5 and 7%
of the total quaatity and where the comtent of enreactsd
cobalt was at least equal io or greater than the muterial

sibilities the sme gives in respect of the effectivity of
the sepantion.

As already mentionsd sbove, the ssparation method
can be other than magnetic, such a5 an electrostatic sep-
anation, a flotatlon or the like, as long as it gives the de-
sired result and deponding on the chamcteristics of the
roasted material, on the basis of which

ich i is a simple taak
for persons akilied in the art to sclect .

the moat snimble
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roasting a -quaniity of the material to be trepted, tarmi-
nlmlhemnizwhihimmoithemmnﬂn-
main in incompletely reacted state and after a shorter
time- period than required for campletely rescting the
whole of the material, stparating the incompletely reacted
portion of the material from the completely reacted por-
tion thareaf, -returning the incompiletely reacted portion
to the roasting appersioa and sibjecting the completely
reacted portion to further troatment

2. A method acconding o claim I, comprining that the
product i3 ground before the sepamtion of the incom-
pletely reactnd portion.

3. A method sccording to claim 1, comprising that the
separation =
aration.

BNADOCIC: «UR_3457804A1_|_»
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4. A method sccording to claim 1, comprising that thé
ssparation is carried out electrostatically.
5. A method scconding to claim 1, comprising that the
scparation is carried out by flotation.
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57 ABSTRACT

Arscuic, in the form of As;Os, is recovered from areni-
cal ores or concentrates by leaching with a hot acidic
ferric salt solution to extract arsenic, followed by eool-
ing the pregonant leach mointion to crystallize As;On.
Leaching of some ores or concentrates is facilitated by
addition of silver sulfate or mercuric snlfate to catalyrs

the leaching reaction.
iﬂi-l_.Nnanh
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vaudmnhummmduuﬂc.nﬁe s

hud%ﬂmuuhlmndm
. cobaltite, micco-

2
centrate is the stoichiometric amount necessary to soin-
bilize the arsenic. Escess ferric mlt is genevally undesir-
sble since it in lishls to oxidize the arsemic to arsenate at
an ondesirably high rate.

Certrin aryenica] minerals, such us eoargite, however,
lench slowly aven st bolling tempersture. It ks been
found that moh minerals may be effectively tested by
the process of tha imvention if diver or mercary s,

1 b} particularly the sulfixtes, ave added to catalyze the leach-
m-mmnuhau_u i0 ing reaction. Silver sulfate is generally most. effective,
ﬁhuﬂdhmd.hmﬂ.ﬂbﬂ.&ﬂlof

, carcinogenicity In sddition, ores containing significant percentages of
W.mmmmumu vaineless minevaly resctive to the lesch salution
reguistions is difficult or impossihle to achieve an a m:pﬂﬂﬂnﬂmﬁhm:

regular basls with pyromsmllurgical processes for trest-
- Mhnmmhhudeﬁhﬂgd ;
sulfur-containing arserical ores or concentrates, by coprecipitated
503, sn objectionable pollutant, is aleo genersted during 20 mdhqmﬂlwmgm

H;ul:umﬂnrn:l have also been pro-
pﬁhmdnunlnhﬁu.mb-
precipitated as an arsenate, and i then dis-

&

carded. However, the armenates are subject to weather- 23 A
ing leaching by hydrolysls or by acidic or basic solu- L"‘"""’“‘m_ﬁ ""’“’“""‘“‘""Il"”"’m’“
tioos, thevelry water palletion ) prelmch soenporsturo s 20° 40" C.

U.S. Pus. No. 4,220,627 diacloges & proces for tremt- The leachi In the of

" i, st clevated temperstore to form a sulfite solution

both the metal ansd arsenic, the Jatter being in 33 decreasss grestly. Preferred presure b
the As%+ form. The resulting solution is cogled to selec-
preciptate the matal in the form of sulfate. Racav-
wdh?ﬁmﬂ:ﬂhmhﬁg
reduction of the arsenic to arsenite, whereby AO; is 40 l-ﬂmlr_ucm_

precipitated.
US. Pat. No. 2,939,467 discloses an oxidation leach
of.qﬂllwlundm&m_muwhbhdwu-

{H

It has now been found, acoarding to the present in- v
vention, that sreénic may be recovered, in the form so readily removed
Anoaﬁmu-mdmumbymd

ing of the leach solvtion to precipitate AnOy. Thms,  the ¢
mdﬂguﬁcmum-mmu and are renoved in the hot filtration

soluticn is wm:uﬁm of
AxO;, md does not remkt in formation of geeeons yeso- 60 free of ferroms mifate at 25° C.
unnpmdneu.Oﬂulmhnlﬂhnmh-ﬁnlcnhb- A mingr portion of tha arsenic that s asonbilized in
ride or nitrate in solntions of the acld, the acid-ferric salt leach s present a3 A9+, Lo. as aree-
may, bowever, be used In the procem of the invention.  naie. This srsenate must be rednced 1o As’+ before It

The leach salution y contains » maxinmnm  can be recovered from the solution as Asy0;. Accord-
concentration of ferric salt, generally sbout 200 g/1 or & ingly, reduction of awy As’+ to As3+ s required for
higher. Sultable acid concentrations are abont 20 to 500  maximom recovery of amenic. This may be accom-
§/1. with sbout 400 to 450 g/1 being preferred. plished by trestment of the hot pregasat leach sclution
The prefezred retio of ferric malt to amenic ore or con-  with & conventionsl reducing agent, soch as 803

BNEDOCID: «US__4BBRIOTA1 | >
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The crystallized Asz03 can be purified if necessary by
recrystallization from water or dilute acid. However, if

muchuldmiprumintheme.mofit::lm- ——g—-———_ Soec
crystallize a3 gypsum during crysiallization of the As- Colali Eaarsh
207, mnd is difficult to remove by recrystalliving. Hence, 3 1] "J— 1
calcinm ahould be removed from the ore by mesns of a ;:: o 1 3 A
preleach with dilute acid, as discussad above. Water moighie palfies
" The leach solution containg other metal values, snch i in hot Svasion

as Co, Nl and Cu in addition to arsenic. These metals  Slter cake

can be recovered by conventional techniques such ss 10 Asg Jd 4 - 1 -
electrolyris, cementation, solvent extraction-slectrol- h na 36 o -
yuis, or hydrogen reduoction, after arsenic removal If Ang 120 37 13 _
salts of valusble metals, such as Co, Ni, and Cu, remain  Paygs from Any0s

in the leach residue, the residue is water leached, amd  crysalBmtion

this solntion is combined with the fitrate from AszO3 13 :l ulj . :.; a ﬂ:
W&mﬂ&?ﬁed&ﬁ: Pa As wraion » L :
bled to cantrol frop beildup, the barren solution, aher — augy ®# ®
mammmmwmmmmdm 9% ] » -
tional technicues, such a5 with air or oxygen, to regen- 20 aysal - .
erats the iron aalt, and the solurion may be recycled for = 2 =me fxmed aQ 2 k. &
farther leaching. . Pou M extraction ] %0 o 1

The invention will be more specifically illustvated by  Pot M ko mlfus mis 0 0 0 ]
the following examples. Pet Fo alimissted i [} 6 ] 0
235 mifals mis
EXAMPLE 1
Weighed zmomnts of ore concentystes were bailed
with solitions of 30 grams snhydrous Fex(- EXAMPLE 2

SOy)3 and 318 grams of 30.8 pet aqueom H3SOy for 6
hours. During this lesching period. the volumes of the 30 did not leach well in the experiments of exmple 1 were
soixtions, initially aboat 280 mi, were allowed to de-  farther tested. The procedure was the same s for exam-
mmmmﬂww-wm ple | except that 250 mg of AgyS04/1 ar 1,200 mg of
position of sbout 37 pct H2SOs, by evaporation of wa-  HSOy/] were added to the leaching solutions. The

ter. Water loat beyond that amount was

completion of the lesching. the slusries were filtered 39

while hot to separmte leach residues and precipitated
sulfate salts from the solution. The filtar cakes
were wathed with 10 to 20 ml of water, which was

added to the flltrates. The fltrates were cooled, during Mo additive .
AnOj crystallized. The products were separated 40 250 mg ARSO04/1 added

which
by filtration, washed with water and air drjed. The
water washing removed acluble cocrystallized sulfate
salts, with the exception of gypsum.

The leaching resldne filter cakes from the hot filtra-

tion were stirred with dilute H3504 to dissoive soluble 49

salts. The shurries were filtered, and the salids and solu-
tions were anglyzed, ss were the anenic triaxide prod-

vets contsined <0.1 pet Fe and <0.01 pet Co o Cu
The procedure was very effective for Jeaching co-
and ineffective for ensrgite. The purity of the

crysal-
lized As;O3 was 98 pet or higher in the three tests where 33

Agz03 was Gypsam was the majoc impu-
rity in all of tha amemic trioxide products.
TABLE |
—Crecemeeqyy &
Anns-
pyiie  Cobalir  Spels  Enargite
Food
Toul, § M0 mo 170 160
Fag 13 L9 2 3
‘Watar insoluble
Imech regizee
Tonal, g 14 4.8 51 144

replaced. At leaching reguits are shown in table 2.

TABLE 2
aroeut extraction

Pendd As Ca OCo

Enmrghts 9 B -

7 M -

1,200 mg HgSOy/1 mekind Emrglie s A5 -
No additive Ammoopyrie i - 8N
230 mg AgyS04/1 mided Axmnopyrite N1 = %

Table 2 shows that the addition of is very
effective for impraving the leaching of arsenic and the
asaocisted bese metals from these food msterisi, The
addition of HgSO04 to the lesching solution was interme-
dinte in effectivenses hotween no additive and the Agy.
any cifect-on the recovery or the purity of the A0y
crystals. Both lesching solution additives remained in
the filtrate and could be rewsed for leaching fresh ore
concenirate.

EXAMPLE 3

Cobahtite, the ore with which the most arsenate was
formed or was present s such initially, was leached ss
n example 1 except that the weights of reagents were
doubled and the weight of cobaltite was 48.0 grama,
The leaching resction was rom 5 hours, then the hot
filtration was done. The hot pregnant leach aclution
was gplit in halvea. One half was allowed to cool in xir
to crystallize the AsyOs. The second half of the solution
was put into a pressure bottle and treated with SOz at 25
to 30 peig during conling. The solntion, initially at 66°
C., cooled 10 28° C. in 2.0 hours during this SO; treat-
ment. The 8O3 was then removed from the coaled mix-
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ture by serxtion. The AnzO3 was isolated from the SO2- said leach salntion additionally conteing & leeching
treated and ontrested solutions and the solutions were catalyst selacted from the cisss consisting of silver
amlyzed as in example 1. The results showed that about sulfate snd mercuric sulfice;

65 pct of the arvenate was reduced to AszO3 by the SO;. (b) separating the pregonant leach solution from the
This conversion could likaly be improved by starting 5 loach residue, and

SO; treatmant at » higher. tempersture, using a higher * {(c) cooling the pregrant leach solutinn to crystallive
SO; premure, ar by cooling the solution more slowly. AngOn :

The As0; formed from aysensts in the SO; reductdon 2, The process of claim 1 in wikich the temperatire of
appean i an incrested recovery of ApOsvrystals. This the leach sohmtion in step (a) s about 100° C. 10 120° C.
test was conducted with sbout 15 pot cxcess ore, and it 10 3. The process of clxim 1 in which the AsOs is crys-
also showed that arsenate in the solution is oot redoced tallived by cooling the pregnant leach solution to about

at a significant rate to AsOs by excess are. 15" 1035° C.
We claim: 4. The proces of claim 1 wherein when the ores or
L A process for recovery of arexnic, a8 AnzO3, from  concentraies contain calcium, they are tyeated with
arsenical sulfide ores or concentrates comprising: 13 dﬂmnﬁlmmald:mmntbnhdmgm
(l)lmhmsdﬂuuua'muththnm with the ferric campound-containing leach solution.
leach solution at a B. The process of claim 1 wherein after step (b) in-

mpmedlm'mlm'c.mmmh Mgﬂnmmdmafﬂnm
the As* state, wherein the acidic ferrio compound ~ leach solution with SO; to reduce any
hwmhmmdmmnmmmmmmmd»
and sulfuric acid, farric nitrate snd nitric acid, snd =~ 103

ferric chloride and hydrochloric acid, snd wherein Lo B L

BNBDOCTD: <US__48BRzI7A1_|_»
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C (1200°-1300" F) with between 2% and 8% by weight

SELECTIVE SULFATION PROCESS FOR sodiom sulfste in the presence of a rossting gas compris-
PARTITIONING FERROUS AND NON-FERROUE  ing between 4 and 6% sulfur dioxide and maore than 5%
VALUES INANORE oxypen. This process ks szid to be capable of rendering

. 5 “substantielly oll” of the small amount of copper pres-
This is & continmation, of application Ser. No. 657,849  ent and pp to 36% of the nickel prosent water soluhle.

l‘ildl"eb.l:.!!?ﬁ,mlhndmed. Hnmn:;uhlllzhﬂ:mlbmmlyu
schieved when ore pretreated to contsin
BACKGROUNDOFTHBINVM‘ION the amafl recited percentages of copper snd nickel

'l'hnm:ahutolmeﬂndafpmﬂgm 10 U.S. Pat. No. 3,791,812 to R. L. Frank et al. discloses
coniaining one or more metal valoes selected from the & proces for extracting copper, cobalt, and manganese
group consisting of copper, nickel, cGbalt, vanadium, valnes from ores a3 water solnble salty. In this proces,
and manganese which are present in the are in sssocls-  a sulfide ore beating the meta] valnes of interest is mixed
tion with iron. The proces rapldly and quantitetively  with an inorganio chloride to form a mixiure conteining

scpamtes the non-ferrons metals from the iron. More 15 from shont 30-53 weight percent ore and from about 7
My&emmmnhpw-_lth to about 70 welght percent inorganic chloride A
the proces of selective mifation of such ores to render charge of the mixiure in a gas parmeahis stats is roasted
the non-ferrous metals leachable and the fexrovs metals  with oxygen at & tamperstume of sbout 300° to 425° C
non-leachahle. and the sulfar dinxide produced is tressfierred to & sec-

It is well known that ores containing pentiandite, 20 ond stage rossting zono where the caides produced in

possible to water leach the mizture, leaving the fertous In generul, it is believed that all the prior art sulfation
-valoes behind and convepicatly extracting the non-fer-  procomes designed to render subsisuntial amourits of
rous values. non-ferromy metal valoes in exiracishle form, yield a

‘While this process has considersbie theoretical poten-  nom-farroms metal sulfste which # contaminated by
tial, & has schicved oaly Lmited soccess in large acale 35 unsuitably large quantities of iron sulfite end

commercial uae becanse of several difficolties which  require a rossting time which is than optimal. In
meke i economically anfeasible. The most basic disad-  contrast, embodiments of the proces of this invention
vantage of the sulfation process is that the yield up to 99% of the copper, 97% of the nickel, 90%

and the rossier gas composition are difficult to contral  of the ochalt, and comparshle parcentages of other

leachable stxte. Below sbout 675° C, mach of the iron s 43 SUMMARY OF THE INVENTION
couverted to solfate. Unles s high degree of partition- In generul, the invention provides & process for parti-
ing between the ferrous and non-ferroms motals can be tioning non-ferrous metal values from ferrous metal
achisved, the water leach extracts an tnacoeptably high ~ valuos in a finely divided ore by rendering the non-fer-
perceniage of the farroms metal valnes along with the  roos meial valnes water soloble to the emential excly-
metal valnes of interest. 50 sion of the ferrous metal valoes. The process comprises
The prior art is replete with sttempts to improve the  coating the ome particies with a mrixture of molien salts
yield of water aoluble copper values in the sulfstion  having a melting point below 650" C and reacting the
procam. Far exsmple, US. Fat. No. 3441403 o . E costed perticles at o temperatare betwesn 630" and 800°
Fredrickson et al. teaches that the yield of aglphls cop- G, ln the premence of a rosater gas comprising SO, and
may be increasad by adding gaseous HCI to the 55 at least a stoichiometric equivalent of O,. In preferred
rosster gas. In U.5. Pat. No. 2,719082 to W. K. Sproule  embodiments, the malten sali mixture comprises a mis-
et al, a method for producing high grade hematits fraom  ture of solfates; prefarably sodium mud potessim sul-
nickel, copper, and cobalt conteining iron mifide oresis ~ fate, sl move preferably, & sodivm-potassiom sulfte
Mhhmdﬁhnlhmp mix having & sodinm or potessivm rutip between 10 and
cem to remove small amounts dmhunﬂlﬂ&!.hﬁn;hmmmumm

R

i

i by prevent decomposi-
ventional separition techniques and then roasting the  tion. During the course of the rosst, sulfides are con-
concentrated and pertially purified ore under oxidixing 65 verted to axides and the oxides are sulfsted. The use of
conditions to form a permeshle fron oxide calcine con- the salt coating in the presence of milfur dioxide on the
taining not more than 196 nickel and 0.1 copper. The  arder of between 19 and 25%, prefersbiy sbout 5%, in
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tures where greater than 96% of the farrous metal val-
ues are converted to insoluble forms. To effectively
coat the ore with molten salt, the mass ratio of molten
salt to ore should be grester than about 0.05. However,
sa the salt-ore matio is increased beyond the preferred
range of 0.10 to 025, the economic advantages of the
procems are increasingly lost. The ore or are concen-
trale, roaster gas, and molten salt post be intimately
mixed during the roasting. and one preferred method of
salt-ore mixture. The temperature st which essentinlly
quantitative selective sulfation of non-ferrons values is
economically effected is between 650° and 800" C, pref-
ernbly between 675" and 750" C. During the process, an
eaaily leachable molten solntion of the salt mixture and
noo-fixrous metal sulfates is produced which may be
separated from the insoluble residue by conventional
technigues.

Accordingly, it is an object of the present invention

to rapidly (within 0.25-2 hours) extract copper, mickel, 20

cobalt, etc. from an ore or ore concentrate.

Another object of the ipvention is to effect a quantita-
tive separation of copper, nickel, and cobalt from iron
such that the soluble sulfutes produces are four pexcent

ot.lnofthewllhhlei:minﬂlemuﬁmm 23

being treated in the

Stll another objeat of the invention is t0 schieve
concentrate extractions of op to 999% copper, 97%
nickel, and 90% cobalt in a relatively ahort time.

Still another object of the invention is to dissclve 30

fervites and to recover non-ferrons metal from sulfidic,
oxidic, ferritic, silicacaous, or other ore concentrates.
Yet another ohject of the invention is to provide a
pracess for recovering non-fernous metal values from a

variety of hereiofore difficolt to treat ore concentrates 35

of verious

Yet another ohject of the invention is to provide such
a proces having a chemistry which Is independent of
ofe concealrite grade.

Asnother object of the bxvention is to provide a selec- 40

spheric requirements are easlly regulated.
Other objects and featnres of the jnvention will be
apparent to those skilled in the art from the following

description of a preferred embodiment and from the 435

drawing.
BRIEF DESCRIPTION OF THE DRAWING
FIQ. 1 &8 & graph showing the resulis of » series of
roasts without & salt coating

FIQ. 2 is & graph showing the results of a series of
roasts conducted in accordance with the present inven-

tion; and
FIG. 3 is a flow diagram schematically illostrating a
commercial process embodying the invention.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Altheomthemmnmldm‘hedmmhtud-

utovsnllmwltbnmdeuﬂdhmpmnﬁo

following.

The process of the imvention partitions ferrous and
non-ferrons metal values in an ore or ore concentrate.
The process i3 characterized by the steps of adiding a
finely divided ore to a reactor together with & mixture
of inorganic salts, intimstely mixing the are and salt
mixtore, heating the mixtore to melt the malt and to
cause a coating to form sbout the ore particles, contact-

4'«

ing the ore and salt mixture with SO,and O, to produce
soluble non-ferrous ‘metal sulfates and imsoluble: iron
oxirles, and water quenching the ore and salt mixture to
remove the non-ferrons metal sulfates while leaving the
iron behind.

ﬁetypuduuudaemulhwhch
the present invention Is concerned are those in which’
copper, nickel, cobalt,’ vanadipm, or manganese are
found in sulfidic, oxidic, ferritic, or sllicaceons states

"mixed with, inter alia, iron sulfides, axides, or silicates

ndmaconmnm;compound:ufﬂ:ﬂemﬁﬂl with
fron. While the lndﬂmpluwﬂl
deal easentially with copper and nickel, it will bo appar-
ent to those skilled in’thie art, that since colalt, vans-
mammmmbw
and nickel, these metuls can be trested in accardance
with the invention with little ‘or no modificstion of the
meﬁhﬁmmw
for treatment in accordance with the process of the
invention inclode pendlandite, pyrrhotite, chalcopyrite,
and cubanite, Ftaqnmﬂy.mmdulﬂdlcor
oxidic malts of cobelt, vanadium, and/or manganese are
found mixed with such minerals, and it is contemplated
that, when desired, these minerals may be recovered
together with the copper and nickel

Since, as disclosed below, the chemistry of the pro-
ocm b independeat of the concentrate grade, the pro-
cems of the present invention is operable with a wida
range of concentrate grades which may be made by
conventional techrignes. In any industrial vee of the
mmhdmuhﬂym
over the raw ore.

hﬂlemofthemmd:mmﬁmlydi-
vided form is placed in a rotary kiln, fluid bed, or other
suitable reactor together with a mixture of salts, prefers-
bly & mixture of sodinm and potassfum sulfate. A soffi-
cient amount of the sat mixture should: be added to
provide at lenst 3 thin coating of salt on 1he ore parti-
cles. The ratio of mlt 10 concentrate affects the racov-
ery of both copper and nickel with the larger affect
being on nickel recovery. Generally, the mam ratio of
it to concemtrate shonld lie within the ange of 0.05 to
0.50, and the higher the ratio, the higher the degree of
extraction up to some value of the ratio where 98:+-29%
of the metal values sre converted to sulfates. Further
increases of the ratio do not adversely affect the suifa-
tion, but require handling unnecessary smounts of mal-
ten malt. Higher rossting temperatures generully requive
Iarger amounts of st within the rangs

The natore of the salt bath mmst be chosen with the
following considerations in mind. Firat, the fimctioh of
the salt is to provide a gas permeable coating sbout the
ore particles and a reaction environment in which both
8 high tempersture, on the order of 650 to 800° C, and
& high concentration of available SO, will be provided.
Na(, Na,S0,, KCl, K,S0,, and other salts are opers-
ble. However, the noo-sulfate salts sre repidly con-
verted to sulfates in the presence of 8O, and axygen.
For example:

. TNaCl + 80, + O;— NSO, + €1,

However, the addition of Cl, has no affect on the dagree
of copper and nickel extraction, indicating that the
sulfiste malts sre the active extraction =id. Thos sulfate
salts are preferred although other salis, e.g., halides,
may be used if desired.
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A mixture of salts i3 emential to the invention insofar  ore-salt mixinre during the romst, thercby providing
nﬁnn_ﬂdnspﬂtdnmhﬂnhdq:‘dhm eunﬂmoun!hﬁmofﬂnm.hthhdmm-

mmmLWMdhm
N80, +
form a mnlien solution with the mixinre of sodium and 50y NeoS0r
potaminm solfistes to a copper and/or mickel K80, + W0, = K,8,0,
sodizm-potassinm salt solution which i a Hemid at the 3o
roast tempersinre. : The presence of the molten salt costing on the salid

A series of experiments has sthown that a mized saitis  particles acts to improve the rate and degres of metsl
mare afficient-in extracting copper than mny single mit  extraction by providing an SO, rich environment in
and that the ratio of sodinm 10 potsssium i imporiant  acoondenne with the above reactions. The
_ﬁl’ﬁ.hnhﬂm_hﬁsmofmm- 1s aro capable of giving op SO, to sulfaie the copper and
ing. the sodium to potsssinm ratio from 4 to 025 in-  nickel by acting as an SO, donsting system. One other
creasad nickel extraction from 79% to 92% after a 120 of the formation is that the pyro-
affected by varistions in the sodinm-potassium ratio, but ,,,,mwmﬂ“hmw?""

fate in one and an equimolar sodivm sulfatepotassinm CuO + 8,0, Cs30, + 80~

sulfate mixtore in the other incressed copper extraction
ﬁunl‘!ihﬂnhum!l{ﬂl;hlm:.ﬁhn:; NO + 8,0, — NIBO, + 80,

cation of these while s copper - -
fatepotassinm salfite mix does not form 8 low melting ., CaFe,0 + 8,0, — CaliO, + Pa,0; + 80
mized mlt, 8 copper sulfste-sodinm sulfste-potassinm NIo,0; + 5,07~ NISO, + Fa, 0y + 80~

m-c'naudpoudmlﬂﬁhhwu,ﬂﬁu-w m-nm.um:mmmmh:::
ﬁemalﬂupuhd‘t_b.ltd:uuhlhhhvuﬂm” anmﬂﬁn(ﬂmﬁam

'wws:‘mcunmghﬂrmlﬂ quirements of precise proces coatrol which character-
ratlo is within the rangs of 10t 0.1, und the preferred =P i Cajecdon of ok 42 POyt 8
range ls 1.0 and 0.20. The best jum ratio greater degree -

for & given conoenttate must be deterpined specifically 35 702688 and sinoe extracted Cu nd Ni are present as &
for that concentratn, When differant salts are maed, the  “Cplex Ni-Co-Ne-K smifate mlt, the mits and metal

To the molten mixture of concentrate and sult i Le., mnoh fister than in convestional rosst-lesch pro-
adided & rosster gas comprising oxygen and between 19 S .
lﬂdﬂl.puhﬂyllbﬁnlhmmpﬂ Thhvulknwiﬂbefuﬂumdﬂl.bdﬁmm
shonld contsin’ at \esst enough oxygen to allow the following exsmples which should not in sny way be
reactions involved 1o go to completion, but & gas con-  omstrued as limiting.
. taining far in exooms of the stoichiometric smomt of EXAMPLE 1

oxygen is also acceptable. In cases where the are con- .
ldllllﬂltmcfllﬁh-”ziw-l“ 3,316 greom of & conoentrate containing 14.2% Co ms
natural product of resction with oxygen at the tempers-  Chalcopyrite and 2.3% Ni as pentlandite were placed in
tare of the rosst and only minimsl amomnts of sulfur o alumina crucihle with 1.003 g of an equimolar mix-
dioxide need be addad to supplement that produced in  ture of sodium sulfiste and potessiom sulfite and heatad

of the rossting. = sxy case, it is esaen- _ to0 700° &= 3° C in & conventional laborstory furaace.
tial to maintsin an SO, oontaining stmodphere over ths % Alr was introduced to the reactor st & rate of 500 ml per
Fiquid-esold to prevent yleld los by CoSO,mmd ~ mimuie. 25 ml per minute S0, was msed to0 maintsin the
NISO, decomposition end subsequent ferrite formation.  resotion atmosphere. After 120 min, the sumple was
The sbove disclased smount of SO, gas Is designed to  removed, -cooled to room temperstimre, and water
ish- the sbove. leached. 95.0% of the nickel, 979 of the coppex, and
At the temperature of the rosst, the oxygen and sulfer 35 1,89 of the iron was rended water soluble, The reac-
dhﬁbu_nﬂubﬁunnlfatrhlﬂamhb tions taking place were & follows:

ki
i

the o1 (1) 4CoRel, 4 130, — 4CaD + TFe,0; + 850,
§ Oy +.50, 52 30, -

It is believed that the sulfr trioxide thereby produced, @ + om0 + %o

being highly reactive, is the basic suMating agent and @) 80, + § 0, = 30,

::mmmmmuwmem ) Na,80, + 50, v No,8,0;

-] () K80, 4 30, = E.5,0,
fosster gemes are intimately mized. On preferred 8 CuO + 80, — CuiD,

ENSOOCI: <UB__4110108A1L>
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(1) NIO + 8;~ NiSO,
() CuO + 3,0/ — CallO, + 8O~
(9) NiO + 8,0;~— NiSO, + 80,~
(10) 2Re,0; + 680, + 30;3= Fay(S0,),
Q1) Fe0, + 3 8,0, == Fa,(80), + 350,
{12) Fe B0 ), # Fo,0, + 330,
Owvexall resctions: )
(13) 4CaFaS, + 150;— 4CuB0, + IFe,0; + 430,
(14) S0Fa8; + 150, — AND0, -+ P00, + 480,

The presence of SO;and the pyrosulfate puh resctions
6-11 to the right and the temperature of the rosst favors
completion of resction 12.

A scpante sevies of experiments show that the sodi- 29

umpotassium mtic is importeat for high nicke] exirac-
tion. The following examples are illustrative of these
experiments.

EXAMFLE 2 28
An experiment was in accordance with
Example 1 except that 0.80 grams of sodinm sulfate and
0.20 grams of ium solfate were used in place of the,

equimolar mixture of Example 1. (Na/K =4). This treat-

ment yielded aver 989% of the copper to leachable form 30

Mdymgenhhlh%mﬂ
um-potasshon was changed to ErEma
of sodium sulfate mixed with 0.80 grams of potessihum
sulfate; over 97% of the copper and 92% of the nickel
was extracted.

A large number of experiments have been performed
to establish the effect of variom process perameters.
For example, when sodinm and potassiom chlorides are
used as malt additives, the chlorides are mpidly con-

verted to sulfates with the release of chlorine in accor- 49

dance with the equationx:
(19) 2N + 8D, + Oy — NeySO, + €1, ¢
(1§ 1XQ + 50, + 0,— K30, + O, }

EXAMPLES 3-7

A set of experiments was run to determine the effects
of the sodixm-potassium rtio and the use of Cl, gas on

8
As can be seen from ‘s study of these dats; a low
Na/K ratio results in higher nicke] extraction. Since, of
the two possible pyrosnifhtes, K;8/0, is the more stable,
one might suspect that the improved result msy be
explained solely in terms 6f a pyrosnlfate éffect. If this
suspicion were correct, pmre K,S0O, would provide an
extraction aid superior in performance to & mixture’ of

may be traced 1o the combined effect of pyrosnlfate
formation and the formation of a liquid coating.
EXAMPLES § sad 9

In these examples, 4.0 g of chalcopyrite concentrate,
1.0 g FeS,, and 5.0 g of barren silicste rock were reacted
with 1.5 g of sslt for 120 minntes at 700° C in a roiating
reactof. Resclor atmosphere was. maintsined by a gas
flow of 500 mi/min air and 25 ml/min $0,. The resulis
disciosed balow clearly indicate that only a mixtpre of
salts capable of farming & low meiting aalt solution will
act g2 sn officient extrectant.

% Solsbile Meinl
Fe

3
3

Exnmpls Bt

] cemim g6,

Experiance indicates that when copper extraction is

incomplete, nicke] extracticn is even more incomplete.
An examination of the phase diagrsme of Na SO,

Cn
a
L

—CaSO,, —CuSO, and N&SO~K,
SO as disclosed in the published literatare,
(-3 Phase Diagrams for Ceramists, E. M. Levin, C. R.

Robhins, and H. F. McMurdie, ed., American Ceramic
Society, Columbus, Ohio, 1969) shows that a salt miz-
tare is required to Jower the melting point of the salt
solution to & temperatare substantially-below that nsed
in the roast process. Of course, other salt combinations
which fulfill the dual requirement of low melting point
and pyrosulfate forming ability will be obvious to those
akilled in the art in view of this specificstion. Combins-
of snch equivalent extraction aids.
EXAMPLES 10 AND 11

1.32 g of the concentration uwsed in Example I were
roasted with varying smounts of a salt mixtore compris-

and nickel extraction in the process of the lnven- 30 ing 50% by weight of equimalar NaC1-KCl and 50% by

coppex
tion. Each esperiment was conducted naing & 2000 g
sample of the concentrate of BExample 1 with 0.300 g of
sulfate salt added having thé indicsted Na/K mole ratio.
The furnace temperainre wag 700° == 5° C and the resc-

weight Na;SO,. The roast was conducted for 120 min-
ules at a temperature of 700" + 5° C. while maintaining
a reactor atmosphere with a gas flow of 300 ml/min air
and 25 ml/min S0;, The results of these experimenty gre

tion atmosphere was maintsined by a flow of 200 35 indicated below.

mi/min air snd 10 mi/min 30, Cl; gas was added as
indicated to simniate chioride salt reaction per renctions

Soichis
(l?)nd(ls)mmmmnuudfmlm We Bab u‘ “l-lh
minutes. Emtples Mixtore
&0 1o alls 97 ® 40
1 0.66 8 % 100 fx
% Boluble Metal
Emapls %G, NvE G« N Fe
3 ] 40 =.6 n ;.3 mmfasxz-ls
3 o :;3,” % :,;‘ i & Addiieal esperiments (12, 13, 14) were conducted
g g a2 ” s 0 in the mamer of Exsmples 10-11, except that larger

T ———— W s e - -

amounts of concentratc and salt were Dsed 90 =3 to
impede the flow of gas to the bolk of the concentrate
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were desigaed to ﬁwommmm mizing cZall EXAMPLE 18 .
phases, gas, solid, and liquid, i needed to achieve the So called "hot spotting™ invarlably ocours in the
desired results. For purposes of comparison, Emmple  course of sulfation roasting an a commercial scale.
13 was conducted using & procedure ideatics! to that of 3 When hot spotting ocurry, local temperatures rise con-
Esamples 12, 13, and ‘M4, except that a slowly sotating  sidersbly and resolt in the formation of weter insoluble
resctor was meed s0 that gas-lignid-solid mixing was  ferrites ss per the following reactions:
achieved. The results of these experiments are indicatnd

in the table below. - o O G0+
(D) Fe 0y 4 CaO—sCaFoy0;,
% Golohle Ml
Evmpe Wifak WiCmm C N Fe (19) NSO, g~ No + 80,
1 w W —
s oS B OB R B AT
1 % & w - sl To illostrate that the chemistry of the procem of this
invention is capable of overcoming the effects of hot-
spotting, were condnoted in the manner of
EXAMPLE 16 Example 16, except .that pure NiFe;O and CaFe,O,

principil advantage of using the process chemistry ,mmﬂﬂhmwMWdﬂnm

&umauhﬁuim trate. There ferrites were rossted at 722°  2° C. inan

shorter than in conventiona) rossting processes. To zm':‘*aﬂh"ﬁ?mnﬁﬂ
i i copper extractnd copper fortite

ihtrate this phenomenon, a series of samples were gh' . m.

each containad 0.373 g of the concentrete used in

znpmuo.m.dmm-um-m ‘thm“ﬂm_?m

= 021. A specially designed reactor wes prepared g0 2ot of the Na,SO~X.S0,—NiSO, mkt mlution

that a series of samples could be introduced to the hot

zone without disturbing the reactor atmosphere or tem- 30
T S0 i 30, The et was et &t & MPLEDY .

ml/iin air and 30 mi/min was at . :

725° %+ 5° C, Extractions as  function of residence time, pluAnne \nre gn“w W:“'“"'I!“ﬁl uaing the

shown below, indicate cmentially complete copper ex- . == du““""’”‘m

traction in 20 mismtes sud complete nickel extraction in 2 rito concentrate bxving s camposition Ce,

40 minvtes. . Fe, and 29% S. Operationsl parameters were varied as

Temperature: §50°-800° C.

% Solubis Mel % S0 1L0%-10%

Thme (mia) [ ] Fe* % Salt: 3%-29%

0 r ” 10 Time: 10-120 min.
0 100 n 11 The dsta obtained from these experkments were sub-
- " 4 u jected to & multiple linear regression asalysis on 2 com-
100 ” » 5 . were generated 1o reflect the extrac-
43 tion of Cu ag s function of the operating and

In contrest, copventional sulfition rossts invalve rosst- o ted of t :
ing times up to 6 hours for Ni extractions which gener- wllﬂh.‘hd"m.“n-h(ﬁt
ally do not exceed 85%. Sec, for coxmple, US. Put. No. oy oy ytey 40 mimute romst). FIG. 25 s computer pener-
2,719,082 (87% Ni extraction in 3 hours) and US. Pat. o 3o peries of curves calculsted from results taken inder
No. 2,556,213 (89% Ni extraction in 48 hours). identical process conditions except that 15% skt was
EXAMFLE 17 ncloded. Thess sesults cicasy show  greatly incresed
In snother series of experiments, the procedure of meuppum“ﬂmﬁmh:h:
Example | was repeated excopt that the ratio of it 0 g5 o ogqypeecisl operations, these curves demonstrate that s
being meintained st 0.30. It was formd that variations in ming the process of the invention while neverthelegs
the salt to concentrate rutio affected the extraction of maintyining economically sttractive copper recovery in
pickel more than the extraction of copper. The higher  u13vely short perlods of time.
the ratio, the higher the degree of cxtraction p 0 80TE @ T¢ 1iyg hean cheerved that higher process temperatures
value of the ratio. This valne is within the renge recited L4 Jeaner gre concentrates require larger amonuts of
and is characterized by » conversion of 98 & 2% of the 4404 )t This bebavior is consistent with the wug-
non-ferrous metsl values 1o sulfates, but vares slightly  agee mechaniom whareby Niquid salt coats the concen-
for different ores. The preferred mange for thit ratio 8 yrg0e partisles and pyrospifutes are formed. Becanse of
0.1 to 0.25. Forther increase in the ratio above sbout 63 this observation, it is believed that the pyrosulfstes are
.50 does not affect the sulfition but does incresse cost  yin}y respomsible for supplying the SOy activity which
m:mﬁwmm sulfstes the motsl values and stabilizes the copper and
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EKAM]’LE!O

mNﬂwhaudmndum:fambm‘:l:

the meit. The process was continned until a total of 30.0
grans of concegtrate had been added. The table below
summarizes the resuits of this experiment. 20
e ed— —

Tiew Conc. sdded Sol. Co Sal. Fo

2™ ! L1oig am g

© 10 140 ans 25

0 10 i o0

120 a0 3851 009

150 20 13 o

wnhnthnmpenfﬂnmmmltnhghlym
to keep the amount of salt wed at & minimum 8o a8 1o 40
avoid the neccesity of hendling unduly large quantitics
of molten salt.

In addition, this example indicutes that mits other
than sulfistes are usesble, although, as indicated above,
such salty gre rapidly converted to sulfates in the SO, 43
atmospheve. After conversion of the NsCl to Ns,SO,(a
resction which goes emsentially to completion if the
chhrmapqdnudhmd)thera.nhplnm
N, SO, culy. Ohmoudy.-nuthendm;m
Nm-m'c.hmmm copper .50

sulfates procuced to form a mized salt baving s meiting
mmmwdmu(wm
presence of the chloride-sulfets mixtore in the i
mdﬁemﬂmhrthennmelm
20" C. 33

At the end of the process of this invention, the non-
ferrous sulfiztes may be seperated from the Fe,O,,
othar insoluble snhetances such s olivine,
pyraxenc, ‘and {imenite which are often found in the
types of ore described sbove. In this regard, it is cou- 60

that conventional scparation techniques may
beanployud.'l‘otnhdwdﬂnmnm-
besed on the solubility difference be-

1 EEE

12
mmvu!ﬁmthekllnwllﬂznl

The meta! valnes in the concentrated suifate solution
cnhernovuudbynmdenlnhond’nwumﬂr

romting ‘sapparatis may be
Whﬂnmﬁ'!-mm&em
centrate, a8 described, is a sulfide ore, and the roasting
is pesformead in & finid bed roaster, no external source of
S0, need be supplied to the fluid bed roaster.

The roasted ore is collected at 8, water quenched in
quench tank 6, md the metal valoes of interest are
leached in, e.g., a 3 stuge leach system. Theresfter, the
Biquor is thickened and Sijered to remove gangue
solids. The thickened pregnant liquor may thereafter be
unummhmmlvﬂuambyh;mvu-
techniques, ¢.g., Bouid jon
The material balances for the process illusixated in
FIQ. 3 sppeans below. The composition of conocentrate
10 i

18% Cu & Ni

3% S

24% Fe

25% gangue

It should be noted that the materisl balances which
follow can be wsed to treat a conceniraie contaliving
0-18% copper and 0-18% nickel. However, tl:umld‘

i

i

In the table below, thenmbmmﬂnleftmmqnnd
to the reference numerals of FIQ. 3.

o Comaetoste - SOTFD
Sodium Soife % TYD
Fotamlom Salfute MBI

qa% Rosster ol gaess et
40,000 SCF u 1300'F

!lg Sulfuic Acid 30 TFD

1 Calalus st 1300°F

as {In.;blury 10 TPD
Solids 6 TIrD

2100 TFD

L) Overlow
1470 TFD Houid

a9 Thickener Underflow

§
3
;
!
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~contianed 12 The procem is set forth in cisim 1 wherein the ore
i) coutting & Jeast one metal selected from the group

PR -y — consisting of copper and mickel
2 m‘-‘ 13. The process as set forth in claim 1 wherein the are
- 1 209% TPD 5 and Hquid malt mixture is contacted with a stolchiomet-

- ﬂlllf-: %05 TFD ric excess of O, }
Dy s ST o0 : 14. The proces #s set forth in clsim 1 wherein the

metal values to render the non-fesrous metal values

the mosning and range of equivalency of the o oo leachable wherein the
w-:mm'whhmun mmpm-innlﬂnhmwhhnmd

= molten sodivm sand potsstinom slts; and

1 A proces for non-firrous metal values 20 reacting the coated particles, st a tempersture be-
:ﬂmﬂlmmzmm? tween 650° C. and 800" C,, with a rosster gas com-
cuo meial selected th prising at least 196 SO, and at least a stoichiometric
copper, nickel cobalt, mmﬂhﬂ-* manganess, cquivalent of O, to prodnce Fe,O; and a molten
procem campehing the steps solution of salts which incindes at least one non-fer-

mixing the orw, in particulste suifide form, with a 25 .s0us mets] jon selected from the it
the ruti -

nese joms,
the ore the ratio of st mixture to ore being at least l‘..n:. - et n 15
henting the ore and salt mixture to mais the salt miz- 30 Wherein ths noo-ferrous metal valnes partitioned are
tare and to form & biquid mb coating oo the ore; seiccted from the group comisting of copper and nickel.
contacting the ore coated with the lquid salt costing 17. The improved proces es set forth in cleim 16

with & rosster gas comprising at least 1% $O,end ~ Wherein the ore particles arc ooated with a mixtare of
O, the amount of O, being sufficient to convert  Woiten potawium and sodivm sulfate. .
non-fervous metals to sulfutes and the ferrous met- 33 18- The improved process s set forth in claim 17
als to Fe;0), seid contacting being condncted ata ~ Wherein the sodium snifate-potsssium sulfste mole matio
ie above 650° C. and for & sufficiers O the molten sodium and potassizm salt mixture is be-

temperstuie
smount of thme to produce non-ferrous metal sul- twesn 10 sad Q.1

fates and iron axide: snd 19. The improved process as set forth in clsim 17
the non-ferrous metal sulfates from the 40 Wherein the sodiom sulfate-potesiom sulfite mole ratio
wﬂ& dmml.ﬂndmm and potassinm mait mixtore iy be-
2 The procem as sot forth in claim 1 wherein the tween
roaster gas comprises 1% to 23% 80, 20. The improved proces sw set forth in claim 16
3. The prooess as set forth in claim 1 wherein the  Wherein the rosster ges comprises betwesn 1% and
rosster gas comprises 19% to 5% SO, 45 3% by volume SO,

4. The procem =8 set forth in clsim 1 wherein the 21 The improved proces as set forth in cleim 16
mixtare of inorganic slats has a melting point below :g:rmhmpmph%l md 5%
650" C. - ,

;mmummt‘mmmﬁnum _ﬂmwm-mmggm
mixtore mixture of sodinm igm %0

comprises a potasiom ﬁ'lllﬂhllllll- -Itwwhinh qunlhl_. o

6. the procoss as set forth in clsim 3 wherein the by utilizing the salubllity difftrence between Fo,Oyand
sodinm slfate-potassium sulfste mole mto is between  ihe non-ferrous metal sulfate in aqueous solution.

10 and Q1. 23. A Process for separating metal valves selected

7. The process se set forth in claim § wherein the 33 from the grovp consisting of copper and nickel from
sodiom sulfate-potamsium sulfate mole ratio is betwesn  iron in a finely divided mlfide concentrate comprising

1.0 snd 0.20. the steps of
8. The process as set forth in clsim 1 wherein the ratio (A) contacting the sulfids concentrate, at & tempers-
of salt mixture to ore is between 0.03 gnd 10.0. ture shove 650° C,, with a eufficient amonnt of &
9. The process as set forth in claim 1 wherein the ratio 6 molten mixture of inorganic salts having & melting
of salt mbxtare to ore is between 0.1 end 0.25. point below 650" C. to form a liquid mit costing on
1. The process s3 set forth in claim 1 wherein the salt particles of the ore;
mixtore has a melting point below 650° C. and the ore b (B) contacting tha concentrate coated with the lquid
beated to u tesperainre within the muge of 650° C. and st coating with a rosster gas comprising cxypen
800" C. a and mlfvr trioxide to form molten snifates incind-
1L The process as set forth in claim 10 wherein the ing & non-ferrous metal ion selected from the group

ore is heated to a temperture within the mange of 675° consisting of copper and nickel and to form fron
C. and 750° C. oxide; and
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15 4,110,106 16
(C) water leaching the slficte salts produced instep B prises a mixture of sodium sulfate and potassium sulfute
to solubilize the non-ferrous metal ioos. having & mole mtio of sodium sulfate to potassium sul-

&m_rmﬂ:‘!"ﬂf@ﬁﬁ:ﬁl!wm: fate berween 1.0 md 020, . - .-
i mm". Inorgame | mlﬁ s 27. The procem as set farth in claim 23 further com-
mmﬁuwmpmﬂmm sad pyrosal- 5 priming the step of recovering the non-ferrows metal
25. The process as set forth in claim 24 wherein the Yo%, from the water loach solution of non-ferrous
concentrate contains copper values and wherein the  DctAl ions produced in step C. .
molten mixture of sodium and potassiun sulfatey com- 2% The process as set forth in claim 23 further com-
prises & mixture having a mole ratio of sodium sulfate 10 10 Prisng the step of reducing the copper or nickel jon
potassium sulfate between 10 and 0.10. component of the leached sulfate se}t to recover at least
26. The process as sct forth in claim 24 wherein the  ons metal selected from the group consisting of copper
concentrate contains mickel values and wherein the  end mickel
molten mixture of sodiom and potassiom sulfates com- LI I I

15 :
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1
AMMONIACAL NICKEL I.EACH OF LA'.I'EII'!'E

BACKGROUND OF THE lNVENTION

Inthe
two of the main extractive methods to be considered are
pyrometallrgy and . In the former,
mnkmm.mm“mmmm.
is heated with appropriste agents such ss reducing
agents, fluxing agents, sulfidizing agents, chloridiring
agents snd/or oxidizing agents, eic., usually 10 the melt-
ing or fasion point of the mixture, At this temperature
there is generally & acparation of metallic values from
gengue or waste materialy, The procedure then calls for
sepamting the metallic values from alag or waste mate-
rinl st 8 temperature at which both are molteri. The
Mmﬁcmﬂﬂusﬁmuﬁwm
convenient for mse ar for farther refining, which-
ever B sppropriate for the particular systesn involved.
‘The very high tempemtores involved in this technigne
are achieved vin electric farnaces, blest farnaces, rever-
beratory furnaces, etc. Temperatures required for met-
als such as copper, nickel, iron would generally range
from 2000" F. to 3500° F. An advaninee in this method

in that recoveries of the matal values ur= typically quite 23

"high.
: differs

The hydrometallurgy spproach subsmntially
fiom pyrametallurgy in that, although the metal bearing
material mch as ore, slag, scrap, sic., may be heited

_ .Mﬂ:.l'_numh-ldlldullﬂlh.oﬂlmlmiﬂ

material.
- Followmg this step, the treated uul-ccl:hmns
w-thnmmwhhulmm
mhmmmuwmm

of thaterials containing metal values

2

‘This product then is trested forther to obtain the appro-
priate form of nickel or used as such. In contradistine-
tion to the pyrometallurgical process, however, extrac-
tions using this method have only been of the order of
70 to 80

Several other hydrometallurgy methods involve the
uwse of procedires which include a roasting mep with
chlorides or sulfiies but in other than reducing atmo-
spheres, and the roasted ore is leached with an appropri-
ate solvent such as dilute sulfuric acid. Alternatively, in
certain cases the ore can be leached directly, such as
with sulforic acid solution but this s practica! only
when the magnesia content of the ore is low. It recently
has been found that improved extraction of metal values
is obmmined when the reductive romst is effected in the
presence of added sulfur. While this method considers-
bly improves recovery of metal values, it still is desir-
able to provide other.methods for effecting improved
recovery of metul values, as well a5 means to forther
incresse such recovery.

DESCRIPTION OF THE lNV'ENTION

ﬁumdmmummmm:thhy-
drometallwrgical extraction of metal values from a

-mdﬂhaﬁmmumelpdﬁuﬂy.thhv&uigil

concerned with the method for the hydrometalinrgical
recovery of metal values such = nicke] from a metal
bearimg source containing a mixtare of variom metals.

In the urgical extraction of metal values,
the obtention of desired yialds of metal valucs may be
improved when the reductive roast of the metal bearing
source. Is effected in the presence of additives of the
type bereinafter set forth in grester detail. These addi-
tives comprise hydrogen halides or precursors thereof
sz well aa mifur-containing compounds, the combina-
tion of the two additives resulting in a gresier yield of
the metal values. By utilizing these additives, it is possi-
ble 10 recover tha desired metal value in yiclds greater

metal & then removed from the solation by precipita- 40 than those which were beretofore obtained in the: hy-

tion; solvent extraction, of solvent, etc. The
metal-containing residue obtained is then handled. ap-
mwh&mmummm
mdmmmmnymwmnm
Pyramctallurgy,
themeulvdnshdnhwﬂmmthepmhﬂu-
gical method.

A puticular case where this is true concerns the
extraction of nicke] from lateritic nickel ores. Thepyro-

runge from the use of an electric 50

mllnr;hlpmqﬂ:

furnace for the direct smelting of ore to produce fer-
fornace in which an iron-nickel-sulfide matte.is ob-
mﬂmmﬁnﬂdﬁmﬂnmmm
method is greater than 90%.

Of the severa] hydrometallurgy approaches used
commercially for tresting this type of are, the practice
on a highly serpentinic ore, such as at Nicaro, Cuba,
mwlvumm.th:mlnnmulﬁhunhmwhle

2 reducing gas, such'ss producer gas, pasecs countercur- 60

rent to the ore. T in this cese mnge from
about 500° to sbout 1350° F, Following the roasting
step, the ore is cooled in the absence of air, mixed with
an ammoniacal ammoniom carbonate solation and vig-

oromly agitated and serated. This resnlts in the digsoly- &5

tion of aickel and cobalt, separating them from the bulk
of the ore This solution then is treated with steam,

BNEDOCITY. «lJ8 __4%5msaofs 1,

, it ia frequently found that recovery of 43

drometaliargical system which was effectad in the ab-
sence of the added hydrogen halides or sulfar-contsin-
ing componnds. In addition to obtaining greater yiekis
by ptilirimg these additives, it is also possible to effect
the procem in a shorier period of time. For example,
high recoveries may be obmined in 30 minute rossting
times which is in contrast to the requirements of greater
then 1 hour when the reducing treatment is effected in
the absence of these additives. In addition, it has now
been discovéred that the yields of desired metal values
may be further improved by effecting the sddition of
the hydrogen halide additive to the metal sonrce during
the early stages of the roasting step and at temperatures
lower than sbout 500" C,

It is therefore an'cbject of this invention to provide
an improvement in the hydrometallurgical recovery of
metal values from a metal besring source.

In onc aspect an embodiment of this jovention resides
in a proces for the recovery of metal valuss from a
metal bearing,source which comprises tresting said

.Bource st a temperature in the range of from about 300°

to.about 900" C. in & reducing stmosphere and in
contact with at lesst ome additive selected from the
mmhmmdhydmgmhﬂndendnnlﬁr—em—
taining compound, cooling the thus treated source,
extracting the cooled source with a basic or acidic solu-
tion, and -recavering the resultant metal value, the m-
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provement which comprises adding said hydrogen hal-  conventional processes. Any suitable reducing gas mix-
ide to aaid source at & temperature below sbout 500° C. ture may be used and preferably comprises a mixture of
A specific embodiment of this invention is foond ina  hydrogen, carbon monoride; carbbn dioxide and water
process for the recovery of metal values from a metal  vapor. The gaseous mixture may come from any suit-
bearing source which comprises treating a metal bear- 5§ able source such as producer gas, gases formed by the
ing source such as a lateritic ore in a reducing atmo- cormbustion of city ges, gases formed by combustion of
sphere, adding hydrogen chloride to the ore at a tem-  ofl, etc. The specific gaseous mixture will be selected 10
perature below abonot 500" C., thereafter romsting the  effect the desired reduction of the nickel compounds to
ore at & temperature in the range of from about 500" to mutn:uhl_eamr.Aunmmple.mmunnuveps
about 900° C., cooling the treated ore, extracting the 10 mixture comprises a CO:COxz mtio within the range of
cooled ore with an ammoniacal ammonium carbonate  from about 0.1 to 10:1, a CO:Hj ratio of from about 0.1:1
solution, and recovering the resultant nickel value. to 10:1 and & H2:H20 vapor ratio of from about 1.1:1 to
Other objects and embodiments will be found in the  10:1, all being on a volumetric basis. In one embodi-
following further detailed description of the present  ment, it is desirable to mmintain the gas mixture within
invention. 15 the ratios set forth above because an excessive concen-
As hereinbefore set forth the present invention is  tration of one or more of the components in the gas
concerned with a metbod for the hydrometallurgical  mixture may have undesived effects such ss, for exam-
recovery of metal values from a metnl bearing source.  ple, incomplete reduction of the metal compound to the
The term “metal bearing sonrce™ ss used in the present metallic state, excessive absorption of the gas in the ore
spplication and appended claims will refer to sources 20 particies, etc. It is to be understood that the gas mixture
such as ore, slag, scrap, etc. In the interest of brevity, it  may contain other components as, for example, mitro-
is to be understood that reference to ore in the present  gen, when advaniages appear therefor. Other illustra-
specification will also include reference to the other tive gas mixtores comprise hydrogen, nitrogen and

metal bearing sowrces hereinbefore set forth The im-  water vapor or natural gee
proved process for the recovery of a desired metal 29  The roasting of the are in a reducing atmosphere is
valoe is particularly applicable to the recovery of nickel  effected in the presence of at least one additive, and
from such sources. However, it is to be understood that  preferably a combination of additives. One of the addi-
the process may also be used for the recovery of other  tives which is present in the rossting atep comprises a
metal values including, for example, copper, coball,  hydrogen halide, exsmples of hydrogen balides which
eic. 30 may be employed including hydrogen halide gases such
The hydrometallurgical recovery of metsl values =5 hydrogen chloride gas, hydrogen bromide gas, hy-
may be effected ntilizing conventional apparatvs and in =~ drogen iodide gas, or hydrogen fluoride gas, the latter
addition may utilize some conventional steps which two being used but not necessarily with equivalent
have been set forth in prior art processes. Accordingly,  resulis. It is also contemplated within the scope of this
the ore such a3 e Iateritic mickel ore or other metal )3 invention that precursors of bydrogen halide may be
bearing source is first prepared in a manner snitable for  introduced into the roasting zore in'a menner hereinaf-
the process, whereby the ore is sobjecied subject to ter set forth in greater detail and converted to hydrogen
treatment i order to form finely divided or commi-  halide. Some exsmples of these precursors which may
nuted particles, said grinding or other treatment being ~ be employed will include boron trichloride, boron tri-
any which are well known in the art. The particles may 40 bromide, boron trifluoride, carbon tetrachloride, car-
be within a size nge of from 35 10 about 325 mesh or  bon tetrabromide, carbon tetrafluoride, phosphorous
less and preferably within a mnge of from about 48 to  tribromide, phosphorous pentachloride, phosphorous
about 200 mesh. The ground particles are then dried in =~ trifluoride, phosphorous peniodide, silicon tetrachlo-
a conventional manner in order to lower the moisture  ride, silicon tetrabromide, methyl chloride, methylene
content of sxid particles of from about the usual 25 to 45 chloride, methyl bromide, methylene bromide, methyl
509 down to about 8 to 109% or less. The drying stepis  iodide, ethyl chloride, dichloroethylene, dibromoethy-
geuernlly effected by treating the particles in & rotary  lene, vinyl chloride, vinyl bromide, etc. At the rela-
kiln at conventional temperatures. tively high temperatures which are encountered in the
Following the drying of the particles, said particles  roasting step, the precursor will be decomposed to lib-
are then roasted at 8 temperature in the range of from 50 erate the hydrogen balide or the halogen which is then
about 300" up to about 900° C., said roasting being ef~  reduced to the hydrogen halide form. Other additives
fected in a reducimg atmosphere and in contact withat ~ which are employed will include sulfur or sulfur com-
least one additive, the presence of said additive prevent-  pounds. The sulfur may be in gaseous form or may be in
ing the incorporation of nickel into a phase which will  solid form including powder, flour, granules, pellets,
make it unavailable and which will at a Iater point en- 55 etc., or molten or otherwise liquefied sulfur. Examples
able the nickel to be recovered from the extraction step  of sulfur-containing compounds will include pyrite,
in a higher percentage. By roasting the oreinareducing ~ methy] xanthate, ethyl xanthate, propyl xanthate, butyl
atmosphere in the presence of additives at this tempers~  xanthate, pentyl xanthate, hexyl xanthate, etc., or metal
mre, the magnesium componnds which are present will  sxlts thereof such as sodium methyl xanthate, potassium
be prevented from converting to magnesium silicate in 60 methy] zanthate, calcium ethy] xanthate, sodium propyl
the form of forsterite, which formation usually acts to  xanthate, sodium butyl xanthate, sodium hexyl xanthate,
reduce the amount of nickel in an extractable form. The  potassivm hexyl xanthate, etc. When utilizing sulfur as
reducing zone in which the ore is rossted may be of  the additive the sulfur may be admized with the ore at
conventional nature end may include, for example, 8 an elevated temperature as it is being withdrawn from
multihearth furnace, a fluo-solids roaster, a Herreshoff 65 the drying step. The sulfur is usually present in an
fumace, etc. The reduction of the ore is effected by  amount ranging from a concentration of from about 0.1
meana of a suitable reducing gas mixtore which, if s0 10 about 5% and preferably from about 0.13 to about
desired, may be of the general type which s used in 3% by weight of the ore. It is to be understood that any

(D
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suitable means of introducing the sulfur-comtaining

compound imto the reducing zone may be ntilized.
(Azs hereinbefore set forth, it has now been discovered
that by cffecting the sddition of the hydrogen halide
compound at a relatively low tempersture it is possible
to sttain improved yields of the desired metal value
While the reductive roast of the metal besring source i
effected at temperstures in the range hereinhefore set
forth, that is, from about 300" to about 900" C. the hy-
drogen halide which & to constitmte one of the additives
present in the reductive rosst is added during the initial
stages of the roast and prefersbly ia added at a period
prior 10 the point at which the temperntare of the roast-
ing step reaches sbout 500" C., and preferably at » tem-

within the range of from about 360" to about 13

6
One metbod of sccamplishing this precipitation, when
ntilizing a basic leach, is to steamn heat the solotion 1o
precipitate the mickel carbonate and to volstilize off
will include neuntralizstion, cementation, solvent extrac-
tion, electralynis, eic.

As will hercinsfter be shown in grester deiall by
utilizing the process of the present invention including
the introduction of the hydrogen halide to the meta)
source at a temperature below about 500° C,, it will be
possible to attain a greater yield of the desired metal
than is posslble when treating the metal source during
the roasting step in a reducing atmosphere at & tempers-
mre above 500" C.

The following cxamples are given for purposes of
ilhwtrating the proces of this invention. However, it &
1o be understood that these examples are merely illms-
trative in natore, snd that the presest invention is not
necessarily limited thereto.

EXAMPLE 1

A series of ‘experimental rons wes made - utilizing a

Interitic ore baving the following asmy:

124
a4
%
14.7
21
s.‘-

gsg:gz

In the first series 50 gram samples were mized with 0.5
grams of sulfur and placed in & quartz furnace tube. The
tube was then purged with nitrogen and placed into a
furmace which was preheated 10 360° C. and roasted for
a period of 10 minmtes. After being roasted st 360" the
ore was rossted for a second 10 minuie period at this
tempersiore ander & flow of reducing gas having the
compoghtion:

ML/ Mn

»
»1
214
n
1

ar u:dx: solution. For mple. the quench lquﬁ 30 In addition 40 ml/min. of hydrogen chloride was sdded

due to the greater availahility thereof. In additlon, the
quenching or leaching of the metal soarce is also of-
fected in the shsence of azygen in order to avoid the

poasibility of the oxidation of the metal. The leaching of

the metal source is effected at below about
93° C. and is prefershly cffected at ambient tempera-
ture. Afier leaching for a period of time which may
range from aboat 30 minutes to about 2.5 hoors or more,

the solntion of the desired metals is withdmwn from the &

leaching or extraction zone and thereafier treated in any
sultable manner to precipitate the desired metal valnes

to this gns stream. At the end of the 10 minote period
the introduction of hydrogen chloride wes discontinued
and the tem| was incressed at a constant raie
from 360" to 780" C. during a period of 33 minutes,
Upon completion of the 33 mimute reduction period the
foreace tnbe was removed from the famace and cooled
while maintaining the reduced ore swnple under s dight
flow of dry nitrogen. Afier cooling, the reduced ore
was transferred to leaching onder & pitrogen pressure
and Jesched for a period of 2.5 houry ntilizing ammonia-
cal smmoninm carbonate as the leaching agent. At the
end of the 2.5 hour period during which the slurry was
vigorously agitated, the mixture was filtered, the filtrste
wm then ssmayed for nickel content which disclosed a2
91.5% extractiom of the nickel,

When the experiment was repested two more times
and the hydrogen chloride gas was charged during the

such ss nickel, cobalt, etc., and to recover the same.  first 10 minute roast at 360° C. in the first nm and in the

EREIA. 0 pamesaAs | o
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7
second run was charged to the furnace during the first
portion of the 33 minute reduction period while the
furnace temperature was being raised from 360" to 300"
C., nickel extractions of 91.2% and 90.3% were ob-
tained.

EXAMPLE 11

The sbove experimental mans were again repested by
treating a lateritic ore of the composition set forth in
Example I above to a reductive roast utilzzing a reduc-
ing gas of the same composition ss hereinbefore sct
forth. Again the lateritic ore was placed in a quartr
furnace tube afier admixture with sulfor, the tube was
purged with nitrogen and placed into a fornace which
had been preheated to 360° C, After roasting the ore for
a period of 10 minvies the reducing gas was charged
thereto and the ore again roasied for a period of 10
minates at this temperatyre. The temperatvre of the
furnace waa then raised at & constent temperature rate
from 360" to 780" C. During the last two 10 minute
periods of the roast during which time the temperature
of the ore was in & range of from 500° to 780" C. 40
ml/min. of hydrogen chloride was added to the gas
stream which was passing over the lateritic ore. In the

first run during which time the hydrogen chloride gas 25

was passed during the middle 10 minute period of the 33
minmte reduction period, analysls of the ore which was
recovered after ammonmiacal ammoninm carbonate
leaching disclosed that there had been an 88.5% extrac-

tion and when the hydrogen chloride gas was passed 30

into the reductive roast during the last 10 minute period
when the tempersture was approaching 780" C., there
was an 88.39% extraction of the nickel.

EXAMPLE LI
As a comparison the sbove experimental nn wes
repested ntilizing a lateritic ore of similar composition
and a reducing gas of similar composition to those here-
inbefore set forth. Similar conditions were employed to

kL]

those hereinbefore set forth in the shove examples. 40

However, the difference was that the hydrogen chlo-
ride additive was charged to the furnace during the
entire 30 minute reduction period during which time the

e was being raised from 360° C. to 780° C.

Ammy of the filtrate after tresting the ore to an ammoni- 45

acal ammonium carbonste leach for a period of 2.5
hours determined that there had been a 91.0% nickel

BNBDOCID: <UB__ 4338108A1_L »
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extraction. It i to be noted that this is the same-extrac-
tbon for nicke! that had been obtained when the ore was
chlorinated form:lytheﬁmlommnmofthemdmnn
ore when the hydrogen chloride was added in either
priar 10 minute period, each addition being made when
the temperature was in a range of from 360" to 500* C.
This illustrates the fact that short periods of exposure to
the ndditive at relatively low temperstures result in the
exiraction of a similar amiount of nickel sa can be ob-
teined when subjecting the ore to longer periods of
exposure 1o additive st higher temperatures, that is,
sbove sbout 500" C. By utilizing the process of the
present invention, it is posaible to effect a similar extrac-
tion of nicke] using a moaller smount of hydrogen halide
additive thus reducing the expense of the entire opera-
tion with the concurrent recovery of metal valnes at a
lower cost

We claim as our izvention:

1. A process for the incresse in the recovery of mickel
metal values from s lateritic ore which comprises treat-
ing sxid ore first with at lesst one additive selected from
the group consisting of hydrogen halide, clemental
solfur and a sulfur containing compound in a reducing
nmmphue-utempemmhﬁmiunlbomwc.
and extending to below 500° C. for a period of time of
pot Jess then 10 minntes while spid temyperatare is held
1o below 500" C. and then smid temperature
after said psasage of not less than 10 minutes up to sbont
900" C., cooling sxid treated ore and sdditive, extracting
seid incressed amount of nickel metal values from said
treated and cooled ore with a basic ammoniacel leach-
ing molotion, and recovering mmid resultant incressed
amount of mickel metal values

2. The process as set forth in claim 1 in which ssid
hydrogen halide is hydrogen chloride.

3. The process a5 set forth in clapm 1 in which said
hydrogen halide is hydrochloric acid.

4. The process as set forth in claim 1 in which said
clemental sulfur is geseous sulfor.

5. The process ag set forth in claim 1 in which said
batic leaching solution s sn ammoaniacal ammonium
carbonate.

6. 'l'h:pmcnumfuﬂhnchmlmwhr.hmd
batic leaching solution s an ammoniacs] ammonium
chiloride.
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DE 43 29 417 Ci1
Beachreibung

Die Erfindung betriflt ¢in Verfahren zum Rasten refrakthrer Golderze in oxidierender Atmosphire in einer
Wirbelschicht unter Zusatz von Brennsioffel

Refrakiiire Golderze sind solche Erze, die sich nicht direkt mit NaCN laugen lassen und als Goldiriger
Arsenopyrite oder Pyrite mit mebr oder weniger organischem Kohlenstoff enthalten Sie haben einen relativ
piedrigen Goldgehalt. Fiir solche -Erze ist vor der Cyanidlaugung eine mdglichst volistindige Oxidation des
Schwefel- und Kohlenstofigehaltes erforderlich. Diese Oxidation erfolgt durch R#stung mit sauerstoffhaltigen
Gasen. Bei vielen refraktiren Golderzen reicht der vorhandene Gehalt an Arsenopyrit, Pyrit und organischem
Kohlenstoff nicht zur Erzeugung der erforderlichen Reaktionswirme aus, und es muB Brennstoff zugesetzt
werden. Eine Vielzah! von refraktiren Golderzen muB bei relativ niedriger Temperatur gerBstet werden, damit
ein gutes Goldausbringen bei der angchlieBenden Laugung erzielt wird

Aus der EP-A 0 508 542 ist bekannt, daB Golderze bei einer Temperatur von 475 bis 600°C und insbesondere
bei 500 bis 575°C gerbstet werden sollen. Als Brennstoffzusatz werden Kohle, Butan oder Propan genannt. Die

Zondtemperatur soll dem des Propans entsprechen oder niedriger liegen. Propan und Butan werden jedoch nur
zu elnem unbefriedigenden Teil zu CO2 und H20 verbrannt. Bei der Verbreanung entstehen erhebliche Mengen
an OO mit einer Zindtemperatur von 6§00 bis 650°C und Hz mit einer Zindtemperatur von 560 bis 580°C,

Golderze erfordern eine schonende Rostung, um Erhitzungen an der Partikeloberfliche zut vermeiden, Die
Goldambeute ist u o sterk von der Rasttemperatur abhlingig. Die ROsttemperatur muB unterhalb der Versinte-
rungstemperatur der Bestandteile des jeweiligen Erzes gehsiten werden

Die meisten Golderze weisen niedrige Anteile an Pyrit und/oder anorganischem Kohlenstoff auf. Bedingt
durch Wilrmeveriuste, die beim Aufheizen entatehen, durch Abgasverluste sowie Austragyveriuste und derglei-
chen reicht der im Golderz enthaltene Heizwert nicht aus, um eine autotherme RBstung seibst bei Temperaturen
von etwa nur 500°C durchzufiihren. Daher ist der Emsatz von zuslitzlicher Brennstoff mit einer niedrigen Zond-
und Verbrennungstemperatur erforderlich, um die Goldausbeute nicht zu verringern.

Der Erfindung liegt die Aufgabe zugrunde, einen BrennstoRf einzusetzen, der bei niedrigen Temperaturen
zuveriissig ziindet und bel degsen Verbrennung keine oder niedrige Anteile an OO, Hz und Kohlenwasserstoffen
im Abgms vorhanden sind.

Die L8sung der Aufgabe erfoigt erfindungsgemiB bei dem eingangs genannten Verfahren dadurch, daB als
Brennstoff Schwefel und/oder Pyrit in die Wirbelschicht zugegeben werden und die Rastung bei Temperaturen
von 400 bis 650°C unter Zufuhr von saverstoffhaltigen Gasen erfolgt Der Vorteil des erfindungsgemiiBen
Verfahrens liegt darin, daB CO, Hz und Kohlenwasserstoffe bei der Verbrennung von Schwefel und/oder Pyrit
nicht gebildet werden.

Schwefel und Pyrit zeigen eine iberraschend zuverlissige Z0ndbereitschaft bei niedrigen RAsttemperaturen.
Schwefel brennt im Temperaturbereich von 200 bis 300°C, Pyrit brenmt im Temperaturbereich von 450 bis
600°C. Dic Zugabe von Schwefel und/oder Pyrit kann durch vorherige Mischung mit dem Golderz oder direkt in
die Wirbelschicht erfolgen.

Die Rostung refraktirer Golderze erfolgt erfindungsgemilB in einer klassischen oder in einer zirknfierenden
Wirbelschicht. Die sauerstofthaltigen Gase werden als Fluidisierungsgas unterhalb des Diisenbodens in die
Wirbelschicht eingeleitet. Erfindingsgemil ist vorgesehen, daB sauerstoffhaltige Gase zusitzlich als Primar-
und Sekundiirgas seithich in den Wirbelschichtreaktor eingeleitet werden kinnen. Die saverstoffhaltigen Gase
sind Luft oder sauerstoffangereicherte Luft.

Eine bevorzugte Ausgeataltung besteht darin, daB die R3stung bei Temperzturen von 500 bis 550°C erfolgt.
Bei diesen Tempersturen werden besonders gute Goldausbenten erzielt.

Eine bevorzugte Ausgestaltung der Erfindung besteht darin, daB als Brennstoff Schwefel und/oder Pyrit und
mindestens ein zusitzlicher Brennstoff, ausgewilhit aus Kohlenwasserstoffen it einer C-Atomzahl von 1 bis 16,
Alkcholen mit einer C-Atomzahl von 1t bis 6 und einer OH-Gruppenzahl voa 1 bis 2, organischen Athern mit
einer C-Atomzah! von 2 his 8 und ciner O-Atomzahl von 1, CS2 oder HaS in die Wirbelschicht zugegeben
werden. Durch das gemeinsame Verbrenpen von Schwefel und/oder Pyrit mit einem oder mehreren dieser
zuslzlichen Brennstoffe wird die Zondiemperatur dieser Brennatoffe herabgesetzt, wenn die Zindtemperatur
dieser zusitzlichen Brennatoffe hoher liegt als die Ziindtemperatur von Schwefel oder Pyrit. Das bedeutet, daB
in einem solchen Gemisch schneller zfinden und leichter verbrennen. Liegt die Ziindtemperatur eines dieser
zusitzlichen Brennstoffe niedriger als die ZOndtemperatur von Schwefel oder Pyrit, 5o wird die Zfindtemperatur
von Schwefel oder Pyrit im Gemisch mit einem salchen zughtzlichen Brennstoff herabgesetat.

Im Gemisch mit Schrwefel und/oder Pyrit muB die Konzentration der zusitzlichen Brennstoffe haher Hegen als
dle Konzentration fiir dle untere Zindgrenze dieser Brennsioffe. Die untere Zondgrenze eines Brennstoffes

bedeutet die Mindestkonzentration, mit der e¢in Brennstoff im Gasgemisch vorliegen muB, damit noch ecine
Zindung des Brennstoffes erfolgt. Die zusitzlichen Brennstoffe werden oberhalb ihrer Zondgrenze zugegeben,
wenn der Wirmeinhalt im Reaktor nicht ausreicht, um die erforderliche Rasttemnperatur zu erreichen. Der
Wirmeinhalt im Reaktor ist gegeben durch die in refraktiren Golderzen vorhandenen Mengen an Kohlenstoff
und Schwefe! und durch die Menge des als Brennstoff zugegebenen Schwefels und/oder Pyrits. Die Rsttempe-
ratur kann somit durch Dosierung der zustzlichen Brennstoffe gesteuert werden. Die zushtzlichen Brenmtoffe
werden in golchen Mengen zugegeben, daB die Rdsttemperatur 650° C, vorzugsweise 550° C, nicht fibersteigt und
das Abgas aus der Wirbelachicht einen Hz-Gehalt von < 10 vppm, vorzugsweise < 5 vppm, ginen CO-Gehalt
von < 0,1 Vol-%, vorzugsweise < 100 vppm, und einen Kohlenwasserstoffgehalt von < 100 vppm, vorzugewei-
se < 50 vppm, aufweist.

Als zusitzliche Brennstoffe werden Kohlenwasserstofigemische, die als Destillationsfraktionen, wie z B.
Kerosin usw. oder Raffinerie-Abfallprodulkte anfallen, verwendet. Neben Kohlenwasserstolfgemischen werden

2
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als zuslizliche Brennstoffe auch Alkoholgemische, dic bei der Destillation von Athanol als Abfallprodukte
anfallen, verwendet. - . : .

Eine bevorzugte Ausgestaltung der Erfindung besteht darin, deB die Korogrofic des Golderzes unter 1 mm
liegt. Diese KorngrdBe ergibt gure Ergebnisse. - ] ) )

Eine bevorzugte Ausgestaltung der Erfindung besteht darin, daB 60 bis B0% des Golderzes eine Komgrdfe 5
unter 75 um sufweisen. Diese KorngrdBe ergibt besonders gute Ergebnisse. Der Begriff "KorngroBe® steht for
den mittleren Korndurchmesser dsp.

Eine bevorzugte Ausgestaitung der Erfindung besteht darin, daB der O-Gehalt in dem Gas, das in die
Wirbelschicht eingeleitet wird, 20 bis 30 Vol-% betrigt Die saverstoffangereicherte Luft ergibt eine bessere
Zindung des Brennstoffgemisches. Die Verwendung der sauerstoffangereicherten Luft ist besonders wirtschaft- g
lich. -

Der Vorteil des Einsatzes der zusitzlichen Brennstoffe liegt darin, dal sie bei niedriger Temperatur weitge-
hend verbrennen, die Anteile an CO, Hz und Kohlenwasserstoffen im Abgas sehr niedrig sind und daher nicht
durch Nachverbrennung aus dem Abgas entfernt zu werden brauchen. Bei einer nachfolgenden Schwefelsure-
Herstellung ist es glinstig, daB die Anteile an CO, Hz und Kohlenwasserstoffen sehr niedrig sind, da diese Stoffe 35
bei der Oxidation von SOz zu SO als Katalysatorgifte wirken,

Eine bevorzugte Ausgesmitung der Erfindung besteht darin, daB ein Teilstrom des Abgases nech der Entstau-
bung des heiBen Abgnscs shgezweigt wird und dem Fluidisierungsgas vor der Einleitung io die Wirbelschicht
mgemischt wird. Durch die Riickiithrung eines Teils des Abgases und Vermischen mit dem Fiuidisierungsgas
wird erreicht, daB das Fluidisierungsgas aufgewidrmt wird. Durch die Kreisleuffthrung eines Teils des Abgases 20
wird eine Anreicherung von SOz im Abgas erhalten. .

Eine bevorzugte Ansgestaliung der Erfindung besteht darin, daB das beim Rasten refrakeirer Gokderze
gebildete und im Abgas abgefilhrte SO>-Gas der Schwefelsiure-Herstelung zugefihrt wird. Das erfindungsge-
miBe Verfahren wird dadurch zusitzlich wirtschafilich, daB das bei der RAstung gebildete und mit dem Abgas
abgefhrte SO>-Gas ohne Nachverbrennung der Schwefelsiure-Herstellung zugefilhrt werden kann. Es ist vor 23
der Einleitung des SO2-Gases in die Schwefelsiure-Herstellungsanlage cine Gaswiische vorgesehen

h:Eicne bevorzugte Ausgestaltung der Erfindung besteht darin, daB die R3stung in einer zirkulierenden Wirbel-
achicht erfolgr

Das System der zirkulierenden Wirbelschicht besteht aus dem Wirbelschichtreaktor, dem Rfckfihrrykion
uad der Rilckfllhrieitung. Dieses Wirbelschichtprinzip zeichnet sich dadurch aus, dafl im Unterschied zur "kinssl- 5o
achen” Wirbelachicht, bei der eine dichte Phase durch einen deutlichen Dichtesprung von dem darfiber befindli-
chen Gasraum getrennt ist, Verteilungszustinde ohne definierte Grenzschicht vorliegen. Ein Dichtesprung
zwischen dichter Phase und darOber befindlichem Stanbraum ist nicht vorhanden, jedoch nimmt innerhalb des
Reaktors die Feststoflkonzentration von unten nach oben stindig ab. Aus dem oberen Teil des Reaktors wird
eine Gas-Femstofi-Suspension ausgetragen. Bei der Definition der Betriehsbedingungen lber die Kennzahlen 35
von Froude und Archimedes ergeben sich die Bereiche:

e

0,1 < 3/4 - Fr® . < 10, “
fx - ¢4
bzw. a3
001 < Ar < 100,
wobei
50
o’ -a(Jx-fq
Ar = und 55
g - y?2
u2 .
Fr? =
g dk .-
sind.
Es bedeuten:
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u die relative Gasgeschwindigkeit in m/sec,
Ar die Archimedes-Zahl, -

Fr die Froude-Zah), ..

og die Dichte des Gases in kg/m®,

ok die Dichte des Feststoffteilchens in kg/m®,

dy den Durchmesser des kugelfﬂrmlgen Telichens in m,
v die kinematische Zahigkeit in m?/sec,

g die Grlvmunnsknnnlnu in m/sec?

Dne aus dem “ﬁrbelsch:chu'elktor ausgetragene Suspension wird in den Rickflhrzyklon der zirkulierenden
Wirbelschicht geleitet, dort weitgehend vom Feststoff befreit, und der abgeschiedene Feststoff wird derart in
den Wirbelschichtreaktor zuriickgeleitet, daB innerhalb der zirkulierenden Wirbelschicht der stindliche Fest-
stoffurnlauf mindestens das Vierfache deg im Wirbelschichtreaktor befindlichen Feststoffgewichtes betrigt.

Die Erfindung wird anhand der Beispiele erliutert.

Beispiel 1

Es wurde ein refraktiires Gokierz mit einem Goldgehalt von 8 g/t und 1.8 Gew.-0 Schwefel, der als Pyrit
voriag, und 0,08 Gew.-% Kohlenstoff eingesetzt. Die Korngroie betrug dsp = 30 pm und 100% < 200 um.

Die Ristaniage war eine zirkulierende Wirbelschichtanlage, hauptsichlich bestehend aus dem Wirbelschicht-
reakeor, einem Rackfdhrzyklon, der direkt un den Gusgustritt am Oberteil des Reaktors angeschlossen war, und
ciner ROckfhrieitung. Der im Zyklon abgeschiedene Feststoff wurde Gber die ROckfilhrieitung in den Reaktor
zurlic

Es wurde ein Gemisch aus 48 g Pyrit pro kg Erz hergestellt. Dann wurden 40 kg/h des hergestellten Gemisches
Ober eine Falleitung in den Wirbelschichtreaktor aufgegeben.

In den Windkasten des Wirbelschichtreaktors wurden 22 Nmr’/h Laft mit 21 Vol-% Oz mit einer Temperatur
von 400" C eingeleitet. Das Trilgergas strdmte durch die Offinmgen des Anstrdmbodens. Die Temperstur im
Reaktor betrug 520°C. Das ROstgas harte einen Gehalt von 3,3 Vol-9% SO;, 0.2 Vol-% OOz, 20 vppm CO und
16,3 Vol-9% Oz Die Gehalte an Hz und Kohlenwasserstoffen lagen unterhalb der Nachweisgrenze von 1 vppm.
Nach einer alkalischen Waschung des Abgases wurde das von SOz befreite Abgns in den Kamin geleitet. Das
Rbstgut hatte einen Schwefelgehalt von < 0,05 Gew.-9% und einen Kohlenstoffgehalt von < 0,01 Gew.-06. Bei
der Weiterverarbeitung wurde eine Goldausbeute von 94% erzielt.

Beispiel 2

Belspiel 2 wurde wie Beispicl 1 durchgefthrt, mit dem Unterachied, daB das Trigergas 32 Vol-9% Oz und durch
zurlckgeflhrtes Abgas 7 Vol-% SOz enthielt. In den Wirbelachichtreaktor wurde oin Gemisch aufgegeben, das
50 g Schwefel pro kg Erz enthielt Das R3stgas hatte einen Gehalt von 12,7 Vol-% SO3, 0,1 Vol.-% COz, 5 vppm
COund 242 Vol.-% Oz.DleGelmlteln Hz und Kohienwasserstoffen lagen unterhalb der Nachweisgrenze von 1

vppm. Das Rostgut hatte einen Schwefelgehalt von < 0,04 Gew.-% und einen Kohlenstoffgehalt von <
0.01 Gew.-%. Bei der Weiterverarbeitung wurde eine Goldausbeute von 96% erzielt.
Das in den Beispielen 1 und 2 verwendete Golderz hatte die folgende Zunmmensetzung:

8g/tAu
33 Gew.-% FeSy
007 Gew.-% Fe[AsS]

Der im Beispiel 1 verwendete Pyrit hatte die folgende Zusammensetzung:

91 Gew.-% FeSz
2 Gew.-% FeS
7 Gew-% 5i03, AlO3 und restliche Bestandteile.

Der im Beispiel 2 verwendete Schwefel hatte die folgende Zusammensetzung:

98 Gew-% S
2 Gew.-% Verunreinjgung.

Patentanspriche

1. Verfahren zum Résten refraktirer Golderze in oxidierender Atmosphlire in einer Wirbelschicht unter
Zusatz von Brennstoffen, dadorch gelkennzsichnet, daB als Brennstoff Schwefel und/oder Pyrit in die
Wirbelschicht zugegeben werden und die ROstung bei Tempemturen von 400 bis 650° C unter Zufuhr von
saverstoffhaliigen Gasen erfolgt

%;.%ﬂm nach Anspruch 1, dadurch gekennzeichnet, daB die RB8stung bei Temperaturen von 500 bis

e

3. Veriahren nach den Ansprilchen 1 aoder 2, dadurch gekennzeichnet, deB als Brennstoff Schwefel und/oder
Pyrit und mindestens ein zugiitzlicher Brennstoff, ausgewiihlt aus Kohlenwasserstoffen mit einer C-Atom-

4
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zah! von 1 bis 16, Alkoholen mit elner C-Atomzahl von { bis 6 und einer OH-Gruppenzahl von 1 bis 2,
organischen Athern mit einer C-Atomzahl von 2 bis 8 und einer O-Atomzahl von 1, CSz oder HaS in d:e
Wirbelschicht zugegeben werden.

4, Verfahren nach den Anspriichen 1 bis 3, dadurch gekennzeichnet, dnB die KornsrbBe des Golderzes unter
1 mm liegt

5. Verfahren nach den Anspriichen 1 bis 4, dadurch gekennzeichnet, do.B &0 bn B0% des Golderzes eine
GrobBe unter 75 pm aufweisen.

6. Verfahren nach den Anspricchen 1 bis 5, dadurch gekennzeichnet, daB der Oz-Gehalt in dem Gas, das in
die Wirbelschicht eingeleitet winrd, 20 bis 50 Vol-9% berriigt.

7. Verfahren nach den Anspriichen 1 bis 6, dadurch gekennzeichnet, daB ein Tellstrom des Abgases nach der
Entstaubung des heiBen Abgases abgerweigt wird und dem Fluidisicrungsgas vor der Eu:leuun; in die
Wirbelschicht zugemischi wirdl

8. Verfahren nach den Ansprﬂchen 1 bis 7, dadurch gekennzeichnet, daB das beim Rﬂsten refrakifirer
Golderze gebildete und im Abgas abgefnhrte SO02-Gas der Schwefelsure-Herstellung zugefihet wird.

9, Verfahren nach den Ansprichen 1 bis 8, dadurch gekenmzeichnet, daB die RBstung in einer zirkulierenden
Wirbelschicht erfolgt.

AMENIry FE 9004 |
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Como resultado del examen de forma, realizado con fundamento en el articulo 38 de la
Decision 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacion en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular Unica
de la Superintendencia de Industria y Comercio, se le comunica que:

¢ -La solicitud no contiene copia del documento en que consta la cesion del derecho
de patente del inventor al solicitante o a su causante (Art. 26-k) Decision 486).

¢ La solicitud no contiene el poder debidamente otorgado, con el lleno de requisitos
exigidos por los articulos 63 y subsiguientes del Cédigo de Procedimiento Civil.
Adicionalmente debera presentar el documento que acredita la existencia y
representacién legal de la sociedad solicitante, cuando éste fuere una persona
jurldica.

En cumplimiento de lo dispuesto por el articulo 39 de ia Decision 486, se le requiere para
que dentro del término de dos meses siguientes a la fecha de notificacién del presente
oficio, complete los requisitos anteriormente enunciados. En caso de no dar cumplimiento
al presente requerimiento, la solicitud se considerara abandonada y perdera su prelacion.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal o), del
capitulo quinto del titulo primero de la Circular Unica N* 10 de 2001.
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Jefe de la Division de Nuevas Creaciones. .
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