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SEM images of magnetite nanoparticles prepared using (a) 1 mm and (b)0.5 
mm zirconium oxide grinding balls in the final grinding stage 
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Figure 1. Powder X-ray diffraction pattern of magnetite ore found in Matale, 
Sri Lanka 
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Figure 2. SEM image of magnetite powdered ore found in Matale, Sri Lanka 
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Figure 3. Particle size distribution for the dispersion prepared using 1 mm 
zirconium oxide grinding balls 
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Figure 4: Particle size distribution for the dispersion prepared using 0.5 mm zirconium 
oxide grinding balls 
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Figure 5. SEM images of magnetite nanoparticles prepared using (a) 1 mm and (b) 0.5 
mm zirconium oxide grinding balls in the final grinding stage 
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Figure 6. AFM images of magnetite nanoparticles prepared using 1 mm zirconium 
grinding balls in the final grinding stages 
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PROCESS FOR PREPARATION OF 
NANOPARTICLES FROM MAGNETTE ORE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119 to provisional application Ser. No. 61/361,092, filed Jul. 
2, 2010, which application is hereby incorporated by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to a process for the prepara 
tion of nanoparticles from magnetite ore. 

BACKGROUND OF THE INVENTION 

0003 Currently, there is a great desire to prepare magnetic 
nanoparticles. Out of the many types of magnetic nanopar 
ticles, iron oxides, particularly magnetite has attracted con 
siderable attention in recent times. Magnetite (FeO) par 
ticles are used in various industrial applications such as 
magnetic Seals in motors, magnetic inks for bank cheques, 
magnetic recording media and biomedical applications. The 
latter application can include contrast agents for diagnostics 
and magnetic field-guided carriers for localizing drugs or 
radioactive therapeutic systems. Currently, there are several 
chemical methods available for synthesizing magnetite nano 
particles. However, in general, methods to prepare nanopar 
ticles of uniformand well defined crystallinity are rare. Appli 
cation performances are enhanced at nanometer levels when 
production methods provide uniform and well defined par 
ticles. Further, the agglomeration of particles should be prop 
erly controlled for advanced biomedical applications. Typi 
cally, synthetic methods are used to prepare magnetite 
nanoparticles where co-precipitation of ferrous ion (Fe") 
and ferric ion (Fe") with addition of ammonia is generally 
used. Typically, in these processes the control of pH is very 
important in controlling the size of nanoparticles. Like many 
precipitation reactions, the nucleation and growth steps deter 
mine the size of nanoparticles. Jeong et al., Nanomagnetite 
particles prepared under the combined addition of urea and 
ammonia, Key Engineering Materials, Vols 317-318, (2006), 
pp. 203-206, have proposed a mechanism of Fe-O precipi 
tation through C.-Fe(OOH as an intermediate phase. 
0004 Aqueous precipitation methods for magnetite nano 
particle formation are commonly practiced and generally 
include surfactants and polymers as stabilizers. U.S. Pat. No. 
6,962,685 B2 to Sun describes the synthesis of magnetite 
nanoparticles by co-precipitation of a mixture of Fe" and 
Fe" salts in the presence of a strong base. To make stable 
dispersions of magnetite nanoparticles several stabilizers 
Such as long chain alkyl carboxylic acids and alkyl ammo 
nium cations are used. 
0005 Commonly in the preparation of magnetite nanopar 

ticles from the natural ore using chemical methods, the ore is 
dissolved in Strong acids followed by co-precipitation using a 
base. In the preparation of magnetite nanoparticles from high 
purity natural ores, physical methods such as wet grinding are 
highly desirable. Furthermore, wet grinding in the presence 
of a stabilizer would avoid the use of acids and bases and 
therefore would be of low cost because it involves a one pot 
synthetic method leading to stabilized magnetite nanopar 
ticles. In addition, Such methods would be less hazardous and 
lower in carbon footprint. 
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0006 Since in many cases of nanoparticles the agglom 
eration of particles should be properly controlled for 
advanced applications, there is a need for processes to provide 
well defined nanoparticles without agglomeration. 

BRIEF SUMMARY OF THE INVENTION 

0007 Accordingly, provided herein is a process for pro 
ducing a dispersion of high purity magnetite nanoparticles 
from the natural ore. The dispersion medium forms a continu 
ous phase while the particles are present as a discontinuous 
phase. The nanoparticles are reacted with a long chain alkyl 
carboxylic acid which as a reactive stabilizer, an added alco 
hol Such as ethanol serves as the continuous phase. In an 
embodiment oleic acid acts as a reactive stabilizer to form 
nanoparticles that are dispersed in the continuous phase. 
Oleic acid is added during wet grinding of the magnetite ore 
to facilitate its destructuring and the carboxyl groups of the 
oleic acid reacts with the hydroxyl groups of the magnetite 
ore, to provide stability during formation of nanoparticles. 
0008 Also provided herein are nanoparticles of 32 nm that 
are produced by this process to give a dispersion in ethanol 
that has Zeta potential of about +42 mV. In another embodi 
ment, nanoparticles having average particle size of about 20 
nm, present in a dispersion of ethanol have a Zeta potential 
greater than +40 mV. 

DESCRIPTION OF THE FIGURES 

0009 FIG. 1. Powder X-ray diffraction pattern of magne 
tite ore found in Matale, Sri Lanka 
0010 FIG. 2. SEM image of magnetite powdered ore 
found in Matale, Sri Lanka 
(0011 FIG. 3. Particle size distribution for the dispersion 
prepared using 1 mm Zirconium oxide grinding balls 
(0012 FIG. 4: Particle size distribution for the dispersion 
prepared using 0.5 mm Zirconium oxide grinding balls 
0013 FIG. 5. SEM images of mangnetite nanoparticles 
prepared using (a) 1 mm and (b) 0.5 mm Zirconium oxide 
grinding balls in the final grinding stages 
0014 FIG. 6. AFM image of magnetite nanoparticles pre 
pared using 1 mm Zirconium oxide grinding balls in the final 
grinding stages 

DETAILED DESCRIPTION OF THE INVENTION 

0015 The grinding of the ore in the presence of liquid 
stabilizers containing polar groups provides for them to be in 
contact with the hydroxyl groups of the ground magnetite ore 
and thus allows stabilization of the resulting nanoparticles. 
The wet grinding process herein gives rise to nanoparticles 
with a narrow particle size distribution and provides for sta 
bilization against particulate material agglomeration. The 
addition of a polar solvent to the stabilized magnetite nano 
particles gives rise to a stable transparent dispersion of the 
nanoparticles. 

DEFINITIONS 

0016. As referred to herein magnetite ore includes all 
types of magnetite ores. The purity of the magnetite ores is 
preferably between about 90 and 98 percent (referred to as 
high purity magnetite ores). Magnetite ores with purity 
between about 80 to 90 percent can also be used. 
0017. As referred to herein the term “destructured refers 
to a reduction in size of the magnetite ore particulate that is to 
be processed into nanoparticles. The term 'agglomerated par 
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ticles' is intended to mean particles that have not been pro 
cessed to reduce particle sizes to the nanosize level, and 
particles that combine during or after particulate have been 
destructured. The term “agglomerated particles' includes 
particles that are combined after particles have been destruc 
tured and dispersed in alcoholic media. 
0018. The term “nanoparticle' and its plural form referred 

to herein is a particle having a size in the range of 10 to 1000 
nm. In one embodiment, the nanoparticles of the present 
invention are in the range from about 10 to 250 nm, from 
about 20 to 250 nm, from about 30 to 250 nm, from about 10 
to 200 nm, preferably from about 20 to 200 nm, 30 to 200 nm, 
or 50 to 150 nm, with a mean and/or average size of the 
nanoparticles of about 150 nm. Particle size measurements 
were obtained using a Malvern NanoZS particle size analyzer 
model number ZEN3600. 

0019. As referred to herein the surface Fe atoms that are 
not bound to oxygen atoms can act as Lewis acids and coor 
dinate with molecules that donate lone pair electrons, Lewis 
bases. In aqueous systems the Surface oxygenatoms bound to 
Fe atoms undergo protonation with water to form Surface 
hydroxyl groups. Surface hydroxyl groups are amphoteric 
and may react with either acids or bases. In aqueous disper 
sions the Surface of magnetite will be either positive or nega 
tive, depending on the pH of the solution. 
0020. As referred to herein the bound stabilizer is a long 
chain carboxylic acid molecule that reacts with the surface 
hydroxyl groups of magnetite. The long chain carboxylic 
acids preferably have C12 to C18 carbon atoms in the alkyl 
chain. Suitable long chain carboxylic acids are capric acid, 
lauric acid, myristic acid, oleic acid and palmitic acid. The 
long chain carboxylic acid may be linear, branched and can 
contain unsaturated groups such as double bonds within the 
alkyl chain. The Stabilizer can be natural oil containing long 
chain carboxylic acid carboxyl groups. 
0021 Stabilization of magnetite nanoparticles can be 
achieved by changing the electrostatic double layer, Steric 
stabilization or by modifying the isoelectric point by adding 
Surfactants. 
0022. As referred to herein, Zeta potential is the electric 
potential in the interfacial double layers at the location of the 
slipping plane with regard to a point in the bulk fluid away 
from the interface. Zeta potential is the potential difference 
between the continuous phase or the dispersion medium and 
the stationary layer of fluid attached to the dispersed nano 
particles. Typically, a value of 25 mV positive or negative is 
an arbitrary value that separates low-charged surfaces from 
highly-charged surfaces. This value can be related to the 
stability as the Zeta potential indicates the degree of repulsion 
between adjacent, similarly charged particles in dispersion. 
For nanoparticles a high Zeta potential confers stability, i.e. 
the Solution or dispersion resists forming agglomerated par 
ticles. When the potential is low either positive or negative, 
attraction exceeds repulsion and the dispersion flocculates to 
form the agglomerated particles. 

Magnetite 

0023 Magnetite mineral occurs in nature in three main 
forms. 
0024. 1. Primary magnetite in bands or in any other form 
in igneous rocks 
0025 2. Primary magnetite in bands or in any other form 
in metamorphic rocks 
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0026 3. Disseminated magnetite in any igneous, meta 
morphic or sedimentary rocks. 
0027. Iron oxide exists in a variety of chemical composi 
tions and with different magnetic properties and is shown 
Table 1. Iron oxides such as Y-Fe-O, FeO. FeC) and 
MO.FeO (where M is Mn, Co, Ni, or Cu) can display 
ferromagnetism. Ferromagnetic iron oxides inherently dis 
play a lower magnetic response than ferromagnetic materials, 
Such as the transition metals and their oxides. High purity 
magnetite ores can be found in the provinces of Sri Lanka; 
Matale, in the Central Province, and Buttala and Bibile in the 
Uva Province. 
0028 Magnetite (FeO) has an inverse spinel crystal 
structure with face centeredcubic unit cell where oxygen ions 
are placed regularly in cubic close packed positions along the 
111 axis and the oxygen ion array contains holes partially 

filled with ferric and ferrous ions. The unit cell is comprised 
of 56 atoms: 32O anions, 16Fe" cations and 8Fe" cations. 
The chemical formula of magnetite is FeO, however more 
appropriately it is defined as FeC.FeO. The inverse spinel 
structure is arranged such that half of the Fe" ions are tetra 
hedrally coordinated and the remaining half of Fe" and all of 
the Fe" are octahedrally coordinated. 

TABLE 1 

Iron oxyhydroxide and iron oxide species 

Mineral formula Magnetic response 

Goethite C-FeOOH antiferromagnetic 
Akaganéite B-FeCOH antiferromagnetic 
Lepidocrocite Y-FeOOH antiferromagnetic 
Feroxyhyte 8'-FeOOH ferrimagnetic 
Ferrihydrite FesHO4H2O antiferromagnetic 
Hematite C-Fe2O3 weakly ferromagnetic 
Maghemite Y-Fe2O3 ferrimagnetic 
Magnetite Fe3O4 ferrimagnetic 

Dispersion of Magnetite 

0029. In general, any size particulates of the magnetite to 
be destructured may be employed in the present invention, 
provided the particles are of a size which will permit the 
preparation of a dispersion useful in the desired application. 
The destructuring of the magnetite particulates may be 
accomplished by any means known to those having ordinary 
skill in the art. For example, destructuring may be accom 
plished by Subjecting the particulates to processing in a ball 
mill, attriter mill, or pin mill. Although processing conditions 
will vary, depending upon the design and operation of the 
destructing means employed, Suitable conditions may be 
readily determined by those having ordinary skill in the art. 
Destructuring typically is carried out through wet or dry 
grinding. Destructuring methods used by Papel and Faber, 
NASA Technical Note, Vol. (NASA-TN-D-4676), 1968, p. 
25, required grinding the magnetic ore for periods of 500 
1000 hours in the presence of surfactant to form nanoparticles 
of about 10 nm in diameter. 
0030 Nanoparticles formed during destructuring tend to 
agglomerate into large macroscopic aggregates. Such large 
aggregates are undesirable since they lead to non-uniform 
magnetic and physical properties. Bound stabilizers are pre 
ferred to prevent such agglomeration and the stabilizer can be 
a long chain carboxylic acid molecule that reacts with the 
Surface hydroxyl groups of the magnetite. In an embodiment, 
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the Surface of the magnetite ore reacted with carboxyl group 
of oleic acid acts as the stabilizer to prevent the formed 
magnetite nanoparticles from agglomeration. In an embodi 
ment, oleic acid, which is a non limiting example of a fatty 
acid containing 18 carbons, binds covalently to the Surface of 
iron oxides. The stabilizer can also contain alcohol groups, 
Such as natural polymeric materials or oils containing 
hydroxyl groups or carboxyl groups. 
0031. In an embodiment, in the applications of magnetic 
nanoparticles, the Surface properties and chemistry are of 
great significance. In another embodiment, stabilization of 
the magnetite nanoparticles required to obtain magnetic col 
loidal ferrofluids, stable against aggregation in an applied 
magnetic field, can be obtained using the process described 
herein. These nanoparticles can be identified using color, 
scanning electron microscopy (SEM), transmission electron 
microscopy (TEM) and X-ray diffraction techniques (XRD). 
0032. In an embodiment of the process, grinding the mag 
netite ore in oleic acid under an inert atmosphere using a 
FRITSCHPlaneten-Micromuhle Pulverisette 7 premium line 
Nano-Grinder for a period in the range of 0.5 to 1 hour with: 
0033 (a) 15 mm size tungsten carbide grinding balls at 
700 rpm; 
0034 (b) further grinding using 5 mm size tungsten car 
bide grinding balls at 700 rpm; 
0035 (c) further grinding using 3 mm size zirconium 
oxide grinding balls at 1000 rpm; 
0036 (d) further grinding using 1 mm size zirconium 
oxide grinding balls at 1000 rpm; and 
0037 (e) further grinding using 0.5 mm size zirconium 
oxide grinding balls at 1000 rpm. 
0038 Embodiment magnetite nanoparticles of 20 to 30 
nm in size are obtained using the abovegrinding procedure. In 
a preferred embodiment, grinding under above conditions for 
0.5 hours results in magnetite nanoparticles of 20 to 30 nm in 
S17C. 

0039. In an embodiment, the concentrated dispersions 
containing nanoparticles may be diluted in alcohols to obtain 
transparent Solutions. Any short chain alcohol Such as ethanol 
is added drop wise into 1 ml of oleic acid stabilized nanopar 
ticles until a transparent and stable solution is obtained. In an 
embodiment the Zeta potentials of the nanoparticles are in the 
range of +40 to +45 mV. Embodiment dispersions of nano 
particles maintained their stability without settling of par 
ticles for longer periods of greater than two months. 

Uses of Magnetite 

0040. In one embodiment, the invention provides a mag 
netite nanoparticle that can confer magnetic properties to a 
Substance or molecule of interest. It can act as a molecular tag 
or carrier. Thus, the magnetite nanoparticles of the invention 
can be used in monitoring the presence or amount of a desired 
Substance in an assay, Such as a bioassay, (environmental, 
diagnostic or other assay). Magnetite Substances are used to 
tag and remove cancerous or other cells or Substances from a 
biological environment in-vitro or in-vivo. Embodiment in 
Vivo applications, the magnetite nanoparticle should be bio 
compatible, in Such way that it is not harmful to a Subject upon 
administration. Embodiment magnetite nanoparticles can be 
mixed with Suitable pharmaceutically acceptable carriers or 
excipients, as disclosed in Remington's Pharmaceutical Sci 
ences, Mack Publishing Company, Easton, Pa., USA, 1985. 
0041. The present invention is further described by the 
examples which follow. Such examples, however, are not to 
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be construed as limiting in any way either the spirit or the 
Scope of the present invention. 

EXAMPLES 

Example 1 
Characterization of Magnetite Ore 

0042. A sample of raw magnetite obtained from Matale, 
Sri Lanka, was crushed and characterized using. SEM/En 
ergy Dispersive X-ray Analysis (EDX) and XRD. 
0043. As seen from FIG. 1, the XRD pattern indicated the 
presence of only one phase of iron oxide comparing well with 
previously reported data for magnetite (Ma et al., Colloids 
and Surfaces A: Physicochem. Eng. Aspects, 212, (2003) pp. 
219-226). FIG. 2 shows the SEM image of the powdered ore 
before subjecting to wet grinding. The elemental composition 
of the magnetite ore as indicated by EDX is: O (23.62%); Fe 
(75.05%); Mg (0.46%); Ti (0.47); Ca (0.13%). 

Example 2 
Preparation of Stabilized Magnetite Nanoparticles 

0044) Magnetite ore (20g) was subjected to grinding in the 
presence of oleic acid (20 ml) using a FRITSCH Planeten 
Micromuhle Pulverisette 7 premium line Nano-Grinder in an 
inert atmosphere as described below: 
0045 (a) 15 mm size tungsten carbide grinding balls at 
700 rpm 
0046 (b) further grinding using 5 mm size tungsten car 
bide grinding balls at 700 rpm 
0047 (c) further grinding using 3 mm size zirconium 
oxide grinding balls at 1000 rpm 
0048 (d) further grinding using 1 mm size zirconium 
oxide grinding balls at 1000 rpm 
0049 (e) further grinding using 0.5 mm size zirconium 
oxide grinding balls at 1000 rpm. 
0050. This resulted in the formation of oleic acid stabi 
lized magnetite nanoparticles as a Suspension in oleic acid. 
Ethanol was added drop wise into 1 ml of oleic acid stabilized 
nanoparticles resulted from steps (a) to (d) or (a) to (e) until a 
clear and stable solution was obtained. The particle sizes 
observed for the dispersion prepared using 1 mm and 0.5 mm 
Zirconium oxide grinding balls in the final grinding stages 
were 32 and 21 nm, respectively (see FIGS. 3 and 4); the 
observed Zeta potentials of the nanoparticle dispersions were 
+40 and +42 mV, respectively. Nanoparticles maintained 
their stability without the settling of particles for greater than 
two months. 
0051. The resulting stabilized magnetite nanoparticle dis 
persion was dried at 85°C. and the resulting nanoparticles 
were observed using SEM and AFM. 
0.052 SEM images (see FIG. 5) of magnetite nanopar 
ticles prepared using 1 mm and 0.5 mm Zirconium oxide 
grinding balls in the two final grinding stages (d) and (e)) 
established the approximate particle size as being 30 and 20 
nm, respectively. The morphology further revealed that mag 
netite particles had a uniform size distribution and a regular 
shape. AFM images (see FIG. 6) further corroborated the 
SEM results. 
0053 Fe:Fe" ratio in the magnetic ore was calculated 
by a chemical method. The ore sample was dissolved in 10 ml 
of 13 M HCl acid under inert atmosphere at room tempera 
ture. The dissolved solution was filtered and was diluted up to 
250 ml using distilled water. 
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25.00 ml of above solution was pipetted out into a titration 
flask.5 ml of syrupy phosphoric acid and 28 ml of 1 MHSO 
acid was also added in to the same titration flask and was 
titrated with 0.01 M KMnO, to determine the amount of 
Fe+2. 
3 g of Zn granules were added to another 25.00 ml portion of 
above prepared solution to reduce Fe+3 ions in to Fe+2 ions. 
5 ml of syrupy phosphoric acid and 28 ml of 1 MHSO acid 
was added in to the same titration flask and was titrated with 
0.01 MKMnO. According to the burette readings, the ratio 
between Fe2+ and Fe3+ ions in the magnetite ore was found 
to be 1:2. 

That which is claimed: 
1. A process for making magnetite nanoparticle disper 

Sions comprising: 
(a) providing a magnetite ore; 
(b) destructuring the magnetite ore; 
(c) contacting the destructured magnetite ore with a long 

chain alkyl carboxylic acid; 
(d) reacting Surface groups present in the destructured 

magnetite ore with carboxyl acid groups of the long 
chain carboxylic acid to form nanoparticles containing a 
bound stabilizer; and 

(e) dispersing the nanoparticles containing the bound sta 
bilizer in alcoholic solvent. 

2. The process of claim 1 wherein the nanoparticles have a 
particle size of about 20 nm. 

3. The process of claim 1 wherein the nanoparticles have a 
particle size of about 30 nm. 

4. The process of claim 1 wherein the long chain alkyl 
carboxylic acid is selected from the group consisting of capric 
acid, lauric acid, myristic acid, oleic acid, and palmitic acid, 
and mixtures thereof. 

5. The process of claim 1 wherein the dispersed nanopar 
ticles are transparent. 

6. The process of claim 1 wherein the dispersed nanopar 
ticles has a Zeta potential of about +40 mV. 

7. The process of claim 1 wherein the dispersed nanopar 
ticles has a particle size of about 20 nm. 
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8. The process of claim 1 wherein the dispersed nanopar 
ticles has a particle size of about 30 nm. 

9. The process of claim 1 wherein the dispersed nanopar 
ticles are dried. 

10. The process of claim 1 wherein the destructuring of the 
magnetic ore is done by grinding in a FRITSCH Planeten 
Micromuhle Pulverisette 7 premium line nano-grinder in the 
presence of oleic acid using tungsten carbide grinding balls 
and Zirconium oxide grinding balls. 

11. The process of 10 wherein the grinding is performed in 
an inert atmosphere with: 

(a) 15 mm size tungsten carbide grinding balls at 700 rpm 
for about one hour, 

(b) further grinding using 5 mm size tungsten carbide 
grinding balls at 700 rpm for about one hour; 

(c) further grinding using 3 mm size Zirconium oxide 
grinding balls at 1000 rpm for about one hour; 

(d) further grinding using 1 mm size Zirconium oxide 
grinding balls at 1000 rpm for about one hour; and 

(e) further grinding using 0.5 mm size Zirconium oxide 
grinding balls at 1000 rpm for about one hour. 

12. A dispersion formed by a process comprising the steps 
of: 

(a) providing a magnetite ore; 
(b) destructuring the magnetite ore; 
(c) contacting the destructured magnetite ore with a long 

chain alkyl carboxylic acid; 
(d) reacting Surface groups present in the destructured 

magnetite ore with carboxyl acid groups of the long 
chain carboxylic acid to form nanoparticles containing a 
bound stabilizer; and 

(e) dispersing the nanoparticles containing the bound sta 
bilizer in alcoholic solvent. 

13. The dispersion of claim 12 wherein the destructuring of 
the magnetic ore is done by grinding in a FRITSCH Planeten 
Micromuhle Pulverisette 7 premium line nano-grinder in the 
presence of oleic acid using tungsten carbide grinding balls 
and Zirconium oxide grinding balls. 

c c c c c 


