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“PROCESS TO PRODUCE ROUGH FERRO-NICKEL PRODUCT”

The present invention refers to a MHP process do produce rough ferro-
nickel product.

BACKGROUND OF THE INVENTION

Nickel electro-winning is a very expensive process and may not be
available for any existing nickel deposits; specially small or low grade ones. The
alternatives are, among others, producing intermediate products like MSP
(nickel/cobalt sulphide precipitation ) or MHP (Ni/Co mixed hydroxide precipitation).
While the first process has a good market, production of H,S or NaHS is
expensive and not trivial, the second one is easy to operate but has a very
restricted market.

SUMMARY OF THE INVENTION

In its preferred embodiment the invention refers to a process to produce
rough Ferro-Nickel product, comprising the steps of: mixing nickel hydroxide with
an iron source and slagging agents; putting the mixture in contact with a reducing
agent producing a ferronickel alloy; and producing a roasted product that has
disseminated ferronickel alloy inside the structure.

The iron source is preferably iron ore or metallic agent, the slagging agent
is preferably one or more selected from the group consisting of MgO, SiO,
CaCOs, CaF; and CaO, the reducing agent is preferably selected from the group
consisting of carbon, natural gas or hydrogen.

In the preferred embodiment of the invention, the total amount of slagging
agent is between 5 and 500% of the ferronickel mass, more preferably between
10% and 30%. Still in the preferred embodiment, the reducing agent is selected
from the group consisting of carbon, natural gas or hydrogen, and the amount of
‘reducing agent is between 50 and 500% the stoichiometric amount for producing
metallic ferronickel.

The step of producing a roasted product is preferably performed in a
furnace with a temperature ranging from 500 to 2000°C, preferably between 700
and 1200°C, with a residence time of approximately 6 hours.
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DETAILED DESCRIPTION OF THE INVENTION

After removing cobalt from nickel from MHP or from any other nickel and
cobalt source, a final pure nickel hydroxide precipitate is formed (this precipitate
can also contain iron hydroxides). That nickel hydroxide is mixed with an iron
source as iron ore or metallic iron and slagging agents such as, but not limited to
MgO, SiO,, CaCO;, CaF, and/or CaO. The amount of nickel and iron added
depends on the ferronickel desired, ranging from 1 to 99% nickel (99 to 1% iron).
Preferably, a ferronickel in the range of 20% and 60% nickel. The slagging agent
used depends on local availability and on the final ferronickel process, but the
total amount of slagging agent may vary from 5 to 500% of the ferronickel mass,
preferably between 10 and 30%.

Putting this mixture in contact with a reducing agent such as, but not limited
to, carbon, natural gas or hydrogen, a ferronickel alloy will be produced. The
amount of reducing agent depends on the amount of iron and nickel, as well as
the form of iron (metallic or oxide). Usually the amount of reducing agent used is
between 50 to 500% the stoichiometric amount for producing metallic ferronickel.

The furnace is kept in a temperature high enough to produce the alloy, but
enough to melt the slag or the alloy, producing a roasted product that has
disseminated ferronickel alloy inside the structure. Temperatures ranging from 500
to 2000°C are known to work, preferably between 700 to 1200°C. Residence time
can take as much as 12 hours, but up to 6 hours is preferred. This intermediate
product can be sent to a ferronickel furnace for final processing. If the ferronickel
produced is magnetic, this structure can be grinded and the ferronickel can be
separated using magnetic field.

This final product can be used-in—aferronickel furnace for further
processing, sent to a blast furnace reactor or any other application known by
those skilled in the art.

Some advantages of the present process are:

¢ Production of a cheap, easy to handle and transport, intermediate nickel
product (Rough FerroNickel, or Rofeni);
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» Increase ferronickel furnace production by adding a high ferronickel raw
material;

¢ Increase synergies with other areas within Vale;
o Reduces costs of downstream processing of nickel;

¢ Exploit low-grade or small nickel deposits.
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CLAIMS

1. Process to produce rough Ferro-Nickel product, comprising the steps of:

(i) mixing nickel hydroxide with an iron source and slagging agents;

(i) putting the mixture in contact with a reducing agent producing a
ferronickel alloy; and

(i)  producing a roasted product that has disseminated ferronickel
alloy inside the structure.

. Process, according to claim 1, wherein the iron source is iron ore or metallic

agent.

. Process, according to claim 1 or 2, wherein the slagging agent is one or

more selected from the group consisting of MgO, SiO,, CaCO3, CaF, and
CaO.

. Process, according to claim 3, wherein the total amount of slagging agent is

between 5 and 500% of the ferronickel mass, preferably between 10% and
30%.

. Process, according to anyone of claims 1 to 4, wherein the reducing agent

is selected from the group consisting of carbon, natural gas or hydrogen.

. Process, according to claim 5, wherein the amount of reducing agent is

between 50 and 500% the stoichiometric amount for producing metallic
ferronickel.

. Process, according to anyone of claims 1 to 6, wherein the step of

producing a roasted product is performed in a furnace with a temperature
ranging from 500 to 2000°C, preferably between 700 and 1200°C.

. Process, according to claim 7, wherein the residence time is approximately

6 hours.



INTERNATIONAL SEARCH REPORT

International application No

PCT/BR2012/000030

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. (C22B23/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C228B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2006/089358 Al (BHP BILLITON SSM TECH 1-8
PTY LTD [AU]; DUARTE ALEXEY [AU]; LIU
HOUYUAN [A) 31 August 2006 (2006-08-31)
page 10 - page 12; figure 1

X US 2005/211020 Al (SUGITATSU HIROSHI [JP] 1-8
ET AL) 29 September 2005 (2005-09-29)
paragraphs [0012], [0018]; examples 2-6
A WO 2009/052580 Al (BHP BILLITON INNOVATION 1-8
PTY [AU]; RATCHEV IVAN [AU]; CAFFERY GRANT
[AU) 30 April 2009 (2009-04-30)

page 11; claims 1-22

A WO 2009/100495 Al (BHP BILLITON INNOVATION 1-8
PTY [AU]; RATCHEV IVAN [AU]; RIGBY GREGORY
DAV) 20 August 2009 (2009-08-20)

the whole document

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
30 May 2012 06/06/2012
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Badcock, Gordon

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/BR2012/000030

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 2006 241529 A (PACIFIC METALS CO LTD)
14 September 2006 (2006-09-14)
paragraph [0067] - paragraph [0073]

1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/BR2012/000030
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2006089358 Al 31-08-2006 BR PI0607836 A2 13-06-2009
CA 2597741 Al 31-08-2006
CN 101133170 A 27-02-2008
DO P2006000048 A 31-08-2006
EA 200701796 Al 28-02-2008
EP 1851345 Al 07-11-2007
JP 2008531842 A 14-08-2008
KR 20070107787 A 07-11-2007
US 2008011126 Al 17-01-2008
WO 2006089358 Al 31-08-2006
ZA 200707029 A 30-04-2008

US 2005211020 Al 29-09-2005 AT 403015 T 15-08-2008
AU 2003264505 Al 04-05-2004
BR 0306607 A 30-11-2004
EP 1553196 Al 13-07-2005
RU 2313595 C2 27-12-2007
US 2005211020 Al 29-09-2005
US 2007113708 Al 24-05-2007
WO 2004035847 Al 29-04-2004

WO 2009052580 Al 30-04-2009 AU 2008316326 Al 30-04-2009
CN 101932739 A 29-12-2010
co 6270268 A2 20-04-2011
US 2011103998 Al 05-05-2011
WO 2009052580 Al 30-04-2009

WO 2009100495 Al 20-08-2009 AU 2009214830 Al 20-08-2009
CN 101952464 A 19-01-2011
co 6270376 A2 20-04-2011
EP 2337873 Al 29-06-2011
US 2011118100 Al 19-05-2011
WO 2009100495 Al 20-08-2009

JP 2006241529 A 14-09-2006  JP 4880909 B2 22-02-2012
JP 2006241529 A 14-09-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - claims
	Page 6 - wo-search-report
	Page 7 - wo-search-report
	Page 8 - wo-search-report

