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IRON POWDER, USE AS ADDITIVE FOR FOODS, FOOD ADDITIVE AND METHOD OF MAKING
IRON POWDER.

FIELD OF THE INVENTION

The present invention concerns food and feed fortifica-

tion. More specifically the invention concerns an iron

powder, which is suitable as food and feed additive and
5 which can be cost effectively produced.

BACKGROUND OF THE INVENTION
Iron is an essential trace element in animal and human
nutrition. It is a component of heme in hemoglobin and of
10 myoglobin, cytochromes and several enzymes. The main role
of iron is its participation in the transport, storage
and utilization of oxygen. A balanced diet will normally
cover the need of iron through intake of iron rich food
stuff such as vegetables, meat and cereals. An important
15 iron source is cereals such as wheat flour. However in
modern methods of producing wheat flour the iron rich
shell of the wheat grain is eliminated. This results in
that the iron content of wheat flour of today is lower
than that of wheat flour produced before. Iron deficiency
20 is also a consequence of the malnutrition which is pre-
vailing especially in the developing countries. As a diet
with too low iron content contributes to low birth
weight, impairs growth and cognitive development in chil-
dren and causes fatigue among adults there is a need of
25 adding iron to the diet. The greatest effect of an iron
fortification programme will of course be reached when
iron is added to food that most people eat daily.

The most widespread method is iron fortification of ce-
30 real products such as wheat flour, corn flour, corn
flakes etc but many other products are also fortified.

Iron can be added to food and feed in many different
forms. Metallic iron can be used as well as inorganic

35 salts of iron, such as iron sulphate, and organic salts,
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such as iron gluconate or iron fumarate. There are basi-
cally three different types of elemental iron for food
fortification, namely reduced iron or sponge iron, car-

bonyl iron and electrolytic iron.

The reduced iron is produced by a reduction of ground
iron oxide with hydrogen or carbon monoxide at elevated
temperature followed by grinding and milling of the re-
duced iron cake. Reduced iron is produced from either
iron ore or mill scale. The purity of the product is dic-
tated by the purity of the iron oxide. These products
have the lowest purity of the food grade iron powders
when compared with electrolytic or carbonyl powders. The
most common impurity in iron powder produced by any re-
duction process is oxygen, most of which occurs as a thin
film of surface oxide. Basic impurities include carbon,
magnesium, aluminium, silicon, phosphorus, sulphur, chro-
mium, manganese, nickel and copper, many of which are
present as oxides. The particle size is irregular and po-
rous and it consists of a number of small equiaxed

grains.

Carbonyl iron powders consist of particles, which are
much finer than particles of other iron powders. These
powders are produced by treating reduced iron with carbon
monoxide under heat and pressure. The resulting iron
pentacarbonyl is later decomposed under controlled condi-
tions yielding an iron powder and carbon monoxide gas. At
this point the major impurity is carbon and further re-
duction in wet hydrogen is necessary to remove most of
the carbon. The powder has particles ranging in size from
0.5 to 10 pm in diameter and is of high purity. The par-
ticles are close to spherical in shape and very dense and
smooth. The structure of the particles is characterized
by concentric shells arranged in onion-skin fashion. The

carbonyl process 1is costly.
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Electrolytic iron is produced by electrolytic deposition

of a hard brittle metal that is mechanically comminuted.

The particle shape of electrolytic iron powder is irregu-
lar, dendritic of fernlike, from which it receives its

high surface factor.

An important feature for the iron containing compounds
used as food additive is the biocavailability of the iron
i.e. how efficiently the iron is absorbed by the body. Of
the iron powders used for food and feed enrichment today,
the carbonyl and electrolytic powders have the highest
biocavailability but the production costs of these powders
are high compared with the production costs for reduced
iron powders. A pure reduced iron powder, which has high
bioavailability and which can be cost effectively pro-
duced would therefore be attractive and is the object of

the present invention.

The assessment of biocavailability may be performed in
different ways such as in vitro studies, animal studies
or human studies. Biocavailability of iron powders as well
as other iron compounds are usually measured relative to

iron sulphate.

SUMMARY OF THE INVENTION

According to the invention it has now been found that
satisfactory bioavailability of iron can be obtained with
a reduced iron powder having irregularly shaped parti-
cles, wherein the iron powder has a ratio AD:PD less than
0.3, wherein AD is the apparent density in g/cm® and
wherein PD is the particle density in g/cnﬁ. Additionally
the specific surface area of the powder particles should
be above 300, preferably above 400 m?/kg as measured by
the BET method, and the average particle size should be
between 5 and 45, preferably between 5 and 25 um.
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A fortifying amount (about 1 to 200 ppm) of such a powder
should be included in a foodstuff or feedstuff.

DETAILED DESCRIPTION OF THE INVENTION
Starting materials

The iron oxide used as starting material may be natural
hematite (Fe,03). Another alternative is to use the type
of iron oxides which are obtained as by-products from
acid regeneration processes. In order to obtain a product
having the desired properties the particle size of the

starting material should preferably not exceed 55 pm

Production process

The reduction of the starting material is performed with
hydrogen gas or a mixture of carbon and hydrogen gas.
Preferably the reduction is performed in a belt furnace
at temperatures up to 1100°C. An important feature is
that the reduction is performed in such a way that the
resulting product is in the form of a powder or a
slightly sintered cake which can easily be milled without
any impact or with only slight impact on the particle

shape and other properties.

A process for the production of a sponge iron powder for
metallurgical purposes is disclosed in the GB patent
704026. This patent teaches that in order to obtain such
a powder the particle size of the starting material
should be below about 150 pm (100 mesh) and not exceed
that of the final product. Furthermore it is disclosed
that the starting material could be reduced with solid or
gaseous reducing agent at such temperature that sintered
sponge iron cakes are formed. After cooling the sintered
cakes are comminuted to the desired size. By way of
example it is specifically disclosed that a magnetite
concentrate is reduced with charcoal at a temperature of
1000°cC.
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Another reduction process is disclosed in the US patent

5 713 982. This process is preferably performed in such a
way that the iron oxide powder is incrementally heated to
approximately 1200°F (649°C), then to approximately
1400°F (760°C) and finally to approximately 1500°F
(816°C) in a reducing atmosphere. Hydrogen is preferably
used as reducing atmosphere. According to this known
process, an iron powder, the particles of which are
rounded, are obtained. This known powder is stated to be

useful for injection moulding processes.

According to the present invention it has been found
that, in order to obtain a satisfactory dissolution rate
and bioavailability, the iron particles obtained after
the reduction should have an irregular shape. It has been
found that the critical feature can be obtained by per-
forming the reduction of the iron oxide powder at some-
what higher temperature and/or somewhat longer heating
times than what is disclosed in the US patent. As an ex-
ample a combination of carbon and hydrogen gas can be
used as the reducing agents at a temperature of about
1000° C. The exact conditions for the preparation of iron
powders having the irregularly shaped particles can be

determined by the man skilled in the art.

Characterisation of the Product

An important and critical feature of the powder is the
porous and irregular shape and consequently the low ap-
parent density, AD, which has been found to be preferably
less than 2 g/cma. Furthermore, the pores of the powder
should be open, facilitating the penetration of the gas-
tric juice into the iron particles giving a sufficient
high dissolution rate of the iron. A low degree of open
porosity is manifested in a value of particle density

close to the value of the true density of iron, which is
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about 7.86 g/cm®. It has then be found that the relation
between AD and PD should be less than 0.3.

As used herein the particle density, PD, is measured by
using a pycnometer apparatus, which allows liquid to flow
into open pores of the iron particles in a container of
definite volume under controlled conditions. The particle
density is defined as the particle mass divided by the
particle volume, including the inside closed pores. As
the liquid fluid was 5 % of a 99.5 % ethanol solution
used. The weight of the pycnometer, the pycnometer
including the iron powder sample, and the pycnometer
including the iron powder sample filled with the
penetration fluid up to the definite volume were
measured. As the definite volume of the pycnometer and
the density of the penetrating fluid is known the
particle density can then be calculated.

The particle size of the iron powder particles is also a
parameter influencing the dissolution rate. A too coarse
particle size will negatively influence the dissolution
rate and a too fine particle size of the iron powder in-
crease the risk for dust explosions during handling. A
sufficiently high dissolution rate is obtained when the
average particle size is between 5 and 45 preferably
between 5 and 25 pm.

Biocavailability

As method for assessing the biocavailability of the iron
powder we have used a method including the steps of dis-
solving the 50 g iron powder in hydrochloric acid at pH 1
and 37°C. The amount of dissolved iron is measured after
30 minutes and is reported as dissolution rate in table 2
below. According to the present invention it has been
found that the iron powder should have a dissolution rate
in hydrochloric acid at 37°C and pH 1 of at least 40 % by
weight after 30 minutes.
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Although described particularly with reference to food
applications it is obvious that the iron powder according
to the present invention can be used also within other

5 fields where rapid dissolution is required.

The invention is further illustrated by the following

non-limiting examples.

10 Example 1
This example discloses a process for the preparation of
an iron powder, which has high biocavailability as mea-
sured by the dissolution rate and which can be used as
food or feed fortification.
15
Hematite with a grain size of 5-20 pm was mixed with coal
having a grain size less than 1 mm. The amount of added
coal was 12% by weight. The obtained mixture was reduced
in an furnace at about 1000°C. Hydrogen gas was added at
20 the end of the furnace and forced to flow in a direction
counter the flow of the hematite material. The added
amount of hydrogen gas was 610 m® /ton of reduced iron.
The obtained cake of sponge iron was gently crushed in a
standard milling device and sieved on a 325 mesh screen.
25
Figure 1 is a micro photograph of the iron powder pro-

duced.

Example 2
30 The process according to example 1 was repeated but the

reduction was performed with hydrogen only and the star-
ting material used was an iron oxide which had been ob-

tained as a by product from acid regeneration.

35 Figure 2 is a micro photograph of the iron powder pro-

duced according to this example.
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A comparison between the new powders A and B according to

the above examples 1 and 2, respectively, and presently

used iron powders for food fortification is disclosed in

the following, wherein Table 1 lists the type of powders
5 and Table 2 the properties of these powders.

Table 1

Powder |Type of Particle
powder shape

A Reduced irregular According to the
iron oxide invention

B reduced irregular According to the
iron oxide invention

C Reduced irregular Commercially availlable
iron oxide

D Reduced spherical According to US patent
iron oxide 6589667

E Reduced irregular Commercially available
iron oxide

F Reduced irregular Commercially available
iron oxide

G Reduced irregular Commercially available
iron oxide

H electrolytic |irregular Commercially available

I carbonyl spherical Commercially available
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Table 2
Powder |Apparent |Particle |[AD/PD Specific [Dissolution
type density Density surface rate %

(AD) (PD) area BET

g/cm3 g/cm3 m?/kg
A 1.37 7.31 0.19 560 69-79
B 1.7 7.47 0.23 550 49.3
C 2.39 6.76 0.35 280 37-39
D 2.22 7.2 0.31 260 35-40
E 3.07 7.67 0.4 110 30-35
F 2.57 7.6 0.34 80 28-30
G 2.42 7.31 0.33 230 35-36
H 2.27 7.28 0.31 350 71-74
I 2.35 7.82 0.30 490 94-95

The contents of As, Hg and Pb in the powders according to

the invention were all below the critical limits accepted

in iron powders for food fortification.
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CLAIMS

1. Iron powder essentially consisting of a reduced iron
powder having irregularly shaped particles, wherein the
iron powder has a ratio AD:PD less than 0.3, wherein AD
is the apparent density in g/cm®, and PD is the particle
density in g/cm®, the specific surface area of the powder
particles is above 300 m?/kg as measured by the BET
method and wherein the average particle size is between

5-45 um.

2. Powder according to claim 1, wherein the specific sur-
face area of the powder particles is above 400,
preferably above 450 and most preferably above 500 m?/kg

and the average particle size is 5-25 pm.

3. Powder according to claim 1 or 2, wherein the ratio
AD:PD less than 0.27, preferably less than 0.25.

4, Powder according to any one of the claims 1-3, wherein
the iron powder has a dissolution rate in hydrochloric
acid at 37°C and pH 1 of at least 40 % by weight after 30

minutes.

5. Use of a powder according to any one of the claims 1-4

in foodstuff, feedstuff or beverages.

6. A fortified material comprising a foodstuff or bever-
age and a fortifying amount of a reduced iron powder ac-

cording to any one of the claims 1-4.

7. Method for producing a reduced iron powder as defined
in any one of the claims 1-4
comprising the steps of

- providing a starting material of an iron oxide

powder having a particle size less than 55 um
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- reducing said powder at a temperature less than
1100°C to a porous sintered cake
- crushing and sieving the obtained cake to a powder

having the desired particle size.

S
8. Method according to claim 7, wherein the iron oxide is
selected from the group consisting of natural hematite
(Fep03) and iron oxides which are obtained as by-products
from acid regeneration processes.

10

9. Method according to any one of the claims 7 or 8
wherein the reduction is performed with hydrogen gas or a

mixture of carbon and hydrogen gas.

15 10. Method according to any one of the claims 7-9,

wherein the reduction is performed in a belt furnace.
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Figure 1-Powder A
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Figure 2-Powder B




International application No.

PCT/SE 20047001731

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: A23L 1/304, B22F 1/00, B22F 9/22

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)

IPC7: A23L, B22F

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

SE,DK,FI,NO classes as above

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

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 6589667 B1 (LARS HULTMAN ET AL), 8 July 2003 1-6
(08.07.2003), column 3, line 16 - line 49,
abstract
X 7-10
A GB 704026 A (HOGANAS-BILLESHOLMS AKTIEBOLAG), 1-10

17 February 1954 (17.02.1954), page 1,
line 16 - 1ine 27; line 82 - line 89; page 2,
line 6 - line 16

A US 6521247 B1 (TINA DEVRIES), 18 February 2003 1-10
(18.02.2003)

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

* Special categories of cited documnents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international X" document of particular relevance: the claimed invention cannot be
e w filing date . - . . considered novel or cannot be considered to involve an inventive
L dpcument whlf:h may Y.hrqw dpuhts on priority cla:m(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) “Y” document of particular relevance: the claimed invention cannot be
”Q” document referring to an oral disclosure, use, exhibition or other zﬁfﬁdﬁﬁﬂv&aﬁ ;‘! ?tgev:sﬁ:g ::gmtg;;om?;:hinaﬁm
oo means . . . . i being obvious 1o a person skilled in the art
P” document published prior to the international filing date but later than v on .
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

16 March 2005 18 03- 2005

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM Inger Lofgren/MP
Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (January 2004)



International application No.

INTERNATIONAL SEARCH REPORT PCT/SE 2004/001731

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

A

US 4752479 A (RONALD S. BRIGGS ET AL),
21 June 1988 (21.06.1988), abstract

1-10

Tharm DOTAQCA NN Inantinnatinan af connnd choot) [ Tannar v INNAN




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 2004/001731

6589667

08/07/2003

6511600 A
0112163 A
2807501 A
6495177 B
0111991 A

13/03/2001
22/02/2001
13/03/2001
17/12/2002
22/02/2001

4752479

21/06/1988

597064 B
7338987 A
1000434 A
1300012 A,C

671515 A
3717543 A

163279 B,C

267487 A
2601589 A,B
2196847 A,B
8711691 D
1206286 B
8747985 D

62283928 A

86887 A
8701259 A
220447 A

24219 A
466287 B,C
8702180 A
8703775 A

24/05/1990
03/12/1987
06/12/1988
05/05/1992
15/09/1989
03/12/1987
17/02/1992
28/11/1987
22/01/1988
11/05/1988
00/00/0000
14/04/1989
00/00/0000
09/12/1987
13/06/1988
16/12/1987
27/03/1990
10/04/1990
27/01/1992
28/11/1987
27/11/1987

Barm POTIIRA 710 natent family annev) {Tannarv 20043




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

