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1. 

PROCESS FOR PRODUCING A FERROFLUID, 
AND A COMPOSTION THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
This invention relates to a process for producing a 

ferrofluid, and a composition thereof. More particu 
larly, fine particles of the ferromagnetic materials such 
as magnetite, ferrite, iron, cobalt alloy, etc. are dis 

O 

persed stably in one dispersing medium selected out of 
an oil group, an ester group or an ether group, whereby 
a ferrofluid composition having a high magnetizing 
capacity is produced effectively. 

Generally, the ferrofluid is a colloidal solution, in 
which such ferromagnetic fine particles are dispersed 
stably and uniformly in a preferred dispersing medium. 
Such colloidal solution is neither coalesced nor precipi 
tated under the influence of magnetic force, gravity, 
centrifugal force, etc., so that the ferromagnetic fine 
particles are not separated from the colloidal solution. 
Thus, the ferrofluid displays a strong magnetic force 
responsive to magnetic field. 

In recent years, such ferrofluid has been used as a 
sealing agent, a damping agent, a lubricant or the like 
and various industrial circles pay high attention to its 
unique properties. 
Various dispersing mediums can be used for the ferro 

fluid. When it is used for a lubricant or a sealing agent 
in bearing means, it must have good lubricating prop 
erty, high heat resistance, low volatility, good chemical 
stability, etc. From this point of view, the oil group such 
as a mineral oil, a synthetic oil, etc., the ester group and 
the ether group are most suitable as dispersing mediums 
for such ferrofluid. In this case, each surface of the 
ferromagnetic fine particles is required to have a lipo 
philic nature to be well-adapted to the dispersing me 
dium. 
When the ferrofluid is used as a sealing agent, the 

stronger magnetic force thereof causes the stronger 
sealing force. Further, when it is used as a lubricant, the 
stronger magnetic force thereof is capable of coping 
with the mechanical agitation caused by an axial rota 
tion of a rotary shaft, thereby the ferrofluid is prevented 
from splashing or spoiling the surrounding. 
The strength of magnetization is dependent upon the 

concentration of the ferromagnetic fine particles con 
tained in the ferrofluid. Accordingly, it is a very impor 
tant task to obtain the ferrofluid having a higher con 
centration thereof. However, if the concentration is 
higher and higher, a gap between adjacent particles 
becomes slighter and coalesced easily. Accordingly, a 
highly concentrated ferrofluid cannot be prepared 
without realizing the optimum dispersion of the ferro 
magnetic fine particles in a desired dispersing medium. 

If many fine particles of large diameter that are co 
alesced easily are contained in the dispersing medium or 
if a surface-active agent is adsorbed insufficiently on 
each surface of the fine particles, it becomes impossible 
to obtain a highly concentrated ferrofluid. 
We will now refer to the conventional process for 

producing a ferrofluid, which is disclosed in Japanese 
Unexamined Patent Publication No. 44579/1967 
1976. This process also uses any one out of the oil 
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2 
group, the ester group or the ether group as a dispersing 
medium. This conventional technique may be called a 
dispersion method using two molecular adsorption lay 

S. 

First of all, an aqueous suspension of colloidal ferro 
magnetic oxide is obtained by the wet method. Accord 
ing to the wet method, alkali is added to an acid solution 
including ferrous ion and ferric ion respectively at the 
ratio of 1:2, and the thus obtained mixture has more than 
about pH 9. The mixture is matured at a suitable temper 
ature, so that a magnetite colloidal solution is obtained. 
To make lipophilic each surface of the collaidal parti 
cles obtained thus, the surface-active agent containing 
an unsaturated fatty acid or its salt as a main material is 
added to the solution. Then, an excessive quantity of the 
surface-active agent is added to the solution in order to 
seal completely each surface of the colloidal particles, 
thereby two molecular adsorption layers are formed. It 
is generally known that a first monomolecular adsorp 
tion layer of the surface-active agent ion displays a 
lipophilic nature on its surface, but a second monomo 
lecular adsorption layer displays a hydrophilic nature 
on its surface. Under those circumstances, it is difficult 
to separate the liquid phase from the solid phase. Then, 
by adjusting pH of the solution, the ferromagnetic fine 
particles are rapidly coalesced and settled, thereby sepa 
ration of the solid from the liquid phase becomes diffi 
cult. Subsequently, by filtering and purifying a sedi 
ment, the surface-active agentions of the second molec 
ular layer are removed and the surfaces of the fine parti 
cles become lipophilic. Then, they are treated with 
dehydration and drying. Finally, those dried fine parti 
cles are dispersed in a desired dispersing medium. 
Although such a dispersing method is advantageous 

in the point that the hydrophilic colloidal particles hav 
ing a difficult filterability can be coalesced rapidly by 
adjusting pH, it has the following disadvantages: 

(1) The ferromagnetic particles becomes dispersoid of 
the obtained ferrofluid, but there are many larger parti 
cles in diameter. Accordingly, when those ferromag 
netic particles are dispersed in a preferred dispersing 
medium, the larger particles are precipitated, so that it is 
not possible to obtain a highly-concentrated ferrofluid 
having a high magnetizing capacity. 

(2) Because the surface-active agent is added exces 
sively more than the quantity necessary for forming a 
monomolecular layer, an oily unsaturated fatty acid is 
formed and adsorbs the surfaces of the particles. 

Finally, the particles adsorbed by the unsaturated 
fatty acid are removed by a later process. Accordingly, 
this conventional method is inefficient. 

(3) The surface-active agent is added to the aqueous 
suspension having an alkali pH and more than an equi 
potential point of the colloidal particles, under which 
condition the surfaces of the colloidal particles are of a 
negative charge. Thus, for example, the surface-active 
agent such as unsaturated fatty acid having a negative 
charge in the aqueous solution is unsusceptible to ad 
sorb the particles. Accordingly, some unstable particles 
are susceptible to arise in the dispersing medium. 

BRIEF SUMMARY OF THE INVENTION 
Accordingly, it is a general object of this invention to 

provide a process for producing a ferrofluid, and a 
ferrofluid thereof, wherein the ferrofluid having a 
highly concentrated ferromagnetic fine particles as well 
as a high magnetizing force can be obtained effectively. 
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According to one basic aspect of this invention, the 
process for producing a ferrofluid comprises: a step of 
adding a surface-active agent and an organic solvent 
having a low boiling point to ferromagnetic fine parti 
cles and coating each surface of said fine particles with 5 
the surface-active agent; a step of dispersing the thus 
coated fine particles in said organic solvent, thereby 
preparing an intermediate; a step of separating some 
ferromagnetic fine particles having a bad dispersion 
property from said intermediate, subsequently mixing 10 
one dispersing medium selected out of an oil group, an 
ester group or an ether group with the intermediate, 
thereby preparing a mixture thereof; and a step of heat 
ing said mixture and evaporating said organic solvent. 

Preferably, the proces for producing a ferrofluid 15 
comprising: a step of adding a surface-active agent and 
an organic solvent having a low boiling point to ferro 
magnetic fine particles and coating each surface of said 
fine particles with said surface-active agent; a step of 
dispersing the thus coated fine particles in said organic 20 
solvent, thereby preparing an intermediate; a step of 
separating some ferromagnetic fine particles having a 
bad dispersion property from said intermediate, subse 
quently adding a poly-a-olefin oil, a saturated fatty acid 
having more than 18 carbon atoms and an oxidation 
inhibitor to said intermediate, thereby preparing a mix 
ture thereof; and a step of heating said mixture and 
evaporating said organic solvent. 

Further, the process for producing a ferrofluid com 
prising: a step of adding a surface-active agent and an 
organic solvent having a low boiling point to ferromag 
netic fine particles and coating each surface of said fine 
particles with said surface-active agent; a step of dis 
persing the thus coated fine particles in said organic 
solvent, thereby preparing an intermediate; a step of 35 
separating some ferromagnetic fine particles having a 
bad dispsersion property from said intermediate, subse 
quently heating said intermediate and evaporating said 
organic solvent; and a step of adding a poly-a-olefin oil, 
a saturated fatty acid having more than 18 carbon atoms 
and an oxidation inhibitor to said ferromagnetic fine 
particles obtained by the aforesaid steps. 

Still further, this invention based on the aforesaid 
processes provides a ferrofluid composition comprising: 
a poly-a-olefin oil having an oligomer of 25 to 45 car 
bon atoms as a main ingredient; ferromagnetic fine par 
ticles dispersed in the poly-a-olefin oil by 1 to 20 vol 
ume percent, each fine particle having a particle diame 
teroffrom 20 to 500A;a first surface-active agent which 
is an unsaturated fatty acid having more than 1050 
carbon atoms and adsorpted on the ferromagnetic fine 
particles; a second surface-active agent which is a satu 
rated fatty acid having more than 18 carbon atoms; and 
an oxidation inhibitor of from 0.1 to 10 weight percent 
of the poly-a-olefin oil. 55 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

FIG. 1 is a graph showing a molecular-weight distri 
bution of a poly-a-olefin oil by viscosity grade. 

FIG. 2 is a graph showing the effect of an oxidation 
inhibitor upon a poly-a-olefin oil. 

DETALED DESCRIPTION OF THE 
INVENTION 

The ferromagnetic fine particles to be used in this 
invention are the magnetite colloid which is obtained by 
the wet method. The magnetite colloid in which magne 
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45 

4 
tite powders are ball milled in water or organic solvent 
may be obtained by the wet ball milling method. 
When the ferromagnetic fine particles are obtained 

by the wet milling method, a preferred amount of the 
ferromagnetic powders are dispersed in an organic sol 
vent other than water. And, a certain amount of sur 
face-active agent capable of forming the aforesaid mon 
omolecular layer is added to the ferromagnetic powders 
as obtained above, and subsequently a mixture thereof 
may be milled more than a few hours in a ball mill. In 
such a ferrofluid based on the organic solvent, the yield 
of the produced colloidal fine particles is favorable 
because no oily matter is formed on the surfaces of the 
fine particles. 

Further, it is also optional to use not only the magne 
tite colloid, but also other various ferromagnetic oxi 
dants such as manganese ferrite, nickel ferrite, cobalt 
ferrite or a composite ferrite made of zinc and any one 
of the aforegoing substances, barium ferrite or the like. 
Still further, desired ferromagnetic particles may be 
obtained by the dry method. 

Each particle diameter of the ferromagnetic particles 
to be used in this invention is preferably 20 to 500 A. 
For example, the lattice constant of the magnetite is 
about 8 Aunit lattice and is of a reverse spinel structure. 
Its crystallization consists of more than several unit 
lattices and the particle diameter of at least more than 20 
A is required. Referring to an upper margin of the parti 
cle diameter, the parameter y A indicated by 
yM=Ms?V/dkT becomes important in view of 

stability of the ferrofluid as a suspension for the ferro 
fluid, wherein Ms is a saturated magnetization, V: a 
particle volume, d; particle diameter k: Boltzman con 
stant and T: absolute temperature. 

It is generally said that the marginal rate y M of 
preventing coalescense between individual particles 
against an attraction therebetween as well as against an 
attraction between respective dipoles is 10. Provided 
that the marginal rate a is 10 and the saturated magneti 
zation is 400 G in view of safety, the upper limit of the 

f particle diameter is 500 Preferably, it is about 
100 
According to the aforegoing equation, when 

Ms=400 G, ya= 1, wherein the ferromagnetic fine 
particles dispered are stationary for a long time in the 
dispersing medium and are never settled. 
The concentration of the ferromagnetic fine particles 

in the ferrofluid is 1 to 20 volume percent, preferably 2 
to 10 volume percent. 
We refer to a very typical ferrofluid in which magne 

tite particles of which each surface is formed by a sur 
face-active agent layer based on oleic acid are dispersed 
in kerosine. It is known that the viscosity of this kind of 
ferrofluid is rapidly increased when it passes the level of 
0.5 g/ml in particle concentration. When considering 
the length of the oleic acid particles having coated the 
surface of the particles, the concentration of the ferro 
magnetic fine particles is about 20% or no more than 
20% in order to avoid a large increase of viscosity. 
To obtain a desired magnetization of the aforesaid 

ferrofluid, it is known that the concentration of the 
ferromagnetic fine particles is no less than 0.05 g/ml. 
Then, the concentration by volume percent is more 
than about 1 percent. However, when the poly-a-olefin 
oil based ferrofluid is used as a sealing agent, the most 
desirable concentration of the fine particles is from 2 to 
10 volume percent of the ferrofluid. 
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The process for producing the ferrofluid according to 
this invention includes a step of producing an intermedi 
ate in which a first surface-active agent and an organic 
solvent having a low boiling point are added to the 
aforesaid ferromagnetic particles, and the ferromag- 5 
netic particles each of which surface is coated by the 
first surface-active agent are dispersed in the organic 
solvent. 
The first surface-active agent may have at least one 

polar group or more composed of a carboxyl group 10 
(-COOH), a hydroxy group (-OH), a sulfo group 
(-SO3H), etc. and have more than 10 carbon atoms. 
The first surface-active agent having less than 10 carbon 
atoms is not favorable in a dispersing condition of the 
fine particles. Such first surface-active agent may be a 15 
sodium salt or a potassium salt of the unsaturated fatty 
acids such as oleic acid ion, linolenic acid ion, erucic 
ion, etc., or N-(1,2-dicarboxylethyl) or N-stearilsul 
fosuccinate or the like. 
For example, when the ferromagnetic fine particles 20 

are obtained by the wet method as mentioned previ 
ously, the first surface-active agent must be added under 
the condition that pH of the suspension is set to less than 
an equipotential point of colloidal particles by adding 
acid thereto. 25 

In case the colloidal particles are iron oxide, pH is 
preferably no more than 7. Thus, each surface of the 
colloidal surfaces becomes a positive charge and the 
surface-active agention is easily adsorptive. In addition, 
the quantity of the surface-active agent may be the 30 
quantity capable of forming a monomolecular layer on 
the surfaces of the colloidal ferromagnetic fine particles 
in order to prevent from producing an oily matter due 
to excessive addition of the surface-active agent or pro 
ducing a hydrophilic colloid due to formation of the 35 
two molecular layers. 
Of course, the ferromagnetic fine particles may be 

obtained by the wet milling method as described previ 
ously. 
A procedure of preparing the intermediate which is 40 

one step of the process for producing a ferrofluid will 
now be described. 
The hydrophobic (i.e. lipophilic) fine particles having 

adsorbed ions of the surface-active agent upon their 
surfaces are dispersed in a suspension and the organic 45 
solvent is added thereto. 

Subsequently, the ferromagnetic fine particles therein 
are shifted to the organic solvent through agitation. 
Thus, the intermediate in which the ferromagnetic par 
ticles are dispersed in the organic solvent can be ob- 50 
tained. 
As another example, firstly a suspension is prepared 

by adding an organic solvent having a low boiling point 
to the ferromagnetic particles. Subsequently, the sur 
face-active agent is added to the suspension, thereby the 55 
intermediate is obtained. Otherwise, it may be obtained 
by adding a mixing solution of the surface-active agent 
and the low boiling point having organic solvent to the 
ferromagnetic particles. 

Further, a water content separated from the ferro- 60 
magnetic particles is discharged as waste water, and a 
little water content remaining in the organic solvent can 
be removed by heating and boiling. 

Further, when the suspension is of the water phase, it 
is not always necessary to add the organic solvent. In 65 
other words, after the hydrophobic ferromagnetic fine 
particles have been obtained by purifying and drying 
the aqueous suspension, it is possible to add an organic 

6 
solvent to such ferromagnetic fine particles and disperse 
the latter in the former. Of course, the step of preparing 
the intermediate is not always limited to the aforemen 
tioned procedure. 
A step of separating some ferromagnetic fine particles 

having a bad dispersion property from the intermediate 
will now be described. 
Such fine particles of the bad dispersion property are 

removed by a centrifugal separator of e.g. 5,000 to 8,000 
G. After that, a desired dispersing medium selected out 
of the oil group, the ester group or the ether group is 
added to the intermediate, and a full agitation is con 
ducted, thereby producing a mixture. 
The step of separating some fine particles of the bad 

dispersion property from the intermediate is carried out 
twice. The first selection is made when dispersing the 
ferromagnetic fine particles in the organic solvent. The 
second selection is the case that such inferior fine parti 
cles are separated by a centrifugal separator. 
By repeating such steps, the concentration of the 

ferromagnetic fine particles in the intermediate product 
is reduced considerably, but the intermediate product is 
volatile easily. By adding repeatedly the fine particles to 
any one of the oil, the ester group and the ether group, 
a large quantity of ferromagnetic fine particles can be 
dispersed in the ferrofluid. 

If any one of the oil, the ester group and the ether 
group is added to the ferromagnetic fine particles with 
out making use of the intermediate, the ferrofluid is 
required to have low volatility. Thus, evaporation by 
heating will be difficult. 
When increasing the concentration of the ferromag 

netic fine particles by reducing the quantity of the dis 
persing medium selected out of the oil group, the ester 
group or the ether group, some fine particles of a bad 
dispersion property are always involved in the dispers 
ing medium. Therefore, the concentration of the fine 
particles of a good dispersion property becomes lesser. 

In addition, some fine particles of the bad dispersion 
property are separated and are settled together with the 
fine particles of the good dispersion property. Accord 
ingly, a very large amount of sediments arise and the 
amount of the ferromagnetic particles in the dispersing 
medium is decreased remarkably. Accordingly, it is 
difficult to obtain the ferrofluid having a desired con 
centration of the ferromagnetic fine particles. 

Preferably, the organic solvent has a small polarity 
more or less near to any one of the oil, ester group and 
ether group and has a low boiling point. For example, it 
may be a paraffin hydrocarbon such as heptane, hexane, 
pentane, octane, dodecane, etc., an aromatic hydrocar 
bon such as cyclohexane, toulene, etc., kerosine or the 
like. 
We refer to a second surface-active agent. Basically, 

it is soluble to any one of the oil, the ester group and the 
ether group. More specifically, it may be a nonionic 
surface-active agent, e.g. polyoxyethylenonyl 
phenolether of which hydrophilic-lipophilic balance 
(HLB) is from 1 to 5. Addition of the second surface-ac 
tive agent is not always necessary. However, in case the 
first surface-active agent is not fully adsorbed on the 
surfaces of some ferromagnetic particles, the nonionic 
surface-active agent is adsorbed on the surfaces thereof, 
thereby displaying the effect of increasing the lipophilic 
nature and decreasing apparent viscosity. 
The nonionic surface-active agent may be an ether 

group, an alkylphenol group, an ester group, a sorbitan 
ester group, a multivalent alcohol or a mixture of the 
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above groups. However, when the poly-a-olefin oil is 
used as a dispersing medium in order to disperse better 
the ferromagnetic fine particles therein, the second 
surface-active agent is emulsifiable or soluble with the 
poly-a-olefin oil, and may be a saturated fatty acid 
having more than 18 carbon atoms. Thus, in case of the 
ferrofluid in which the poly-a-olefin oil is used as a 
dispersing medium, to employ a fatty carboxylic acid as 
a surface-active agent rather than a poly fatty acid glyc 
erin ester causes to increase the concentration of the 10 
ferromagnetic powders. The result is shown in Table 1. 

TABLE 1. 
Addition of the second surface-active 
agent in the ferrofluid in which the 
poly-a-olefin oil is used as a dis 

persing medium, and its relationship 
with saturated magnetization (Gauss) 

Second surface-active agent Saturated magnetization 
None 90 
Nonionic surface-active agent 10 
(Polyfatty acid glycerin ester) 
Fatty carboxylic acid 20 
(Melissic acid) 

Note: 
The poly-a-olefin oil is P-60 type manufactured by Bray Oil Corporation, 

As seen above, in case the fatty carboxylic acid is 
used, the saturated magnetization becomes higher. 
We now refer to the poly-a-olefin oil. 
Generally, it is an olygomer made of a low grade 

a-olefin of which polymerization degree is controlled. 
It has a low volatility and a low viscosity as well, and is 
expressed by the following chemical formula. 

RCH-CH->CH-Hitch-hCH-H, 
R R R 

R: Can - 1 

The poly-a-olefin oil is synthesized by lubricating 
liquids having various grades of viscosity. The viscosity 
grade depends on the quantity of n of the above for 
mula. (Normally, the symbol n, e.g. monomer, trimer, 
tetramer, etc. is used. It means n times of low grade 
a-olefin prior to polymerization.) The lubricating liquid 
in the poly-a-olefin oil consists of from trimer to 
sexner. Table 2 shows the viscosity grade of the poly 
a-olefin oil and their ingredients. Since poly-a-olefin oil 
and first and second surfactants are used, the ferrofluids 

20 

25 

30 

35 

45 

of the present invention exhibit properties of stability of SO 
extended times at 80' C. Additionally, such high degree 
of stability is very effective for magnetic disc requiring 
high dust-proofing property. 

TABLE 2 
Poly-a-olefin oils by viscosity grade 

and their ingredients 
Wiscosity grade 
(cst) at 98.9 C. Ingredients 

4. Main ingredient: Trimer Cosmall 
quantity of 
tetraner C0 

s By mixing poly-a-olefin oils having 
the viscosity grade Nos. 4 and 6 
respectively, the poly-a-olefin oil 
of the viscosity grade No. 5 is 
obtained. 

6 Main ingredients: Trimer Co, Tetramer 
C40, small quantity 
of quintomer 

55 

65 

8 
TABLE 2-continued 

Poly-a-olefin oils by viscosity grade 
and their ingredients 

Viscosity grade 
(cst) at 98.9" C. Ingredients 

38 to 43 Main ingredient: Quintorner Cso, small 
quantity of sexmer 
C60 

Note: 
Refer to FIG. I. The quantity of carbon atoms is a value of oligomerization of 
decene-lcHy(CH2)CH=CH) 

When the ferrofluid is used as a sealing agent for a 
magnetic disc, we have found that the poly-a-olefin oil 
having the viscosity grade No. 6 as listed above has 
excellent properties as a dispersing medium for obtain 
ing such ferrofluid. On the other hand, when the poly 
a-olefin oils having the viscosity grade Nos. 4 and 5 are 
used as the dispersing medium, evaporation of the ferro 
fluid becomes larger. Further, when the poly-a-olefin 
oils having the viscosity grade Nos. 38 to 43 are used, 
the ferrofluid may cause high torque and high tempera 
ture in rotary means. 
As seen in Table 2, the poly-a-olefin oil of the viscos 

ity grade No. 6 comprises mainly a trimer having 30 
carbon atoms and a tetramer having 40 carbon atons. 
The range of the carbon atoms of the poly-a-olefin oil 
to be used for this invention is from 25 to 45 carbon 
atoms. Preferably, it comprises mainly a tetramer hav 
ing 40 carbon atoms. 
When the poly-a-olefin oil is used as a dispersing 

medium, the carboxylic group of the second surfaceac 
tive agent has a property to adsorb strongly each sur 
face of the ferromagnetic particles. Accordingly, unless 
some fine particles are fully coated by the first surface 
active agent, the carboxylic group of the second sur 
face-active agent is adsorbed on the insufficiently 
coated surfaces of the fine particles, whereby the en 
hance the lipophilic nature. 
As described above, the range of the carbon atoms of 

the poly-a-olefin oil according to this invention is from 
25 to 45. Therefore, a higher number of the carbon 
atoms of the surface-active agent is better. Preferably, it 
has more than 18 carbon atoms. 
The saturated fatty acid is superior to the unsaturated 

fatty acid in view of thermal stability, because the for 
mer has no double bond. 
The oxidation inhibitor may be e.g. a phenol group, 

an amine group, a thiophosphate or the like that is used 
generally for inhibiting oxidation of hydrocarbon. To 
obtain a further effect, a few kinds of oxidation inhibi 
tors may also be added. As seen in FIG. 2, the addition 
quantity of the oxidation inhibitor may be from 0.1 to 10 
weight percent of the poly-a-olefin oil. If the weight 
percent is more than 10 percent, the oxidation inhibitor 
contributes to oxidative reaction of hydrocarbon. 
FIG.2 shows the effect of an oxidation inhibitor upon 

a poly-a-olefin oil, wherein the former is 4,4'-methy 
lenebis-2,6-ditert-butylphenol and the latter is P-60 type 
manufactured by Bray Oil Corporation. The sample 
was treated at a temperature of 80 C. The degree of 
oxidation of the poly-a-olefin oil is indicated by vapora 
tion quantity thereof. 
Through the aforesaid process, a mixture is obtained, 

and subsequently it is heated in atmosphere or vacuum. 
And, the organic solvent having a low boiling point is 
evaporated. During this evaporation process, the ferro 
magnetic fine particles dispersed in the organic solvent 
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is transferred to any one of the oil group, the ester 
group or the ether group, thereby a preferred ferrofluid 
is obtained. 
The polarity of the oil group, the ester group or the 

ether group is relatively similar to that of the organic 
solvent, so that the ferrofluid fine particles are trans 
ferred very smoothly during the evaporation process of 
the organic solvent. Even if the density of the fine parti 
cles in any one of the oil group, the ester group or the 
ether group is higher, they can be dispersed stably and 
uniformly therein. 

Further, after some fine particles having a bad disper 
sion property have been separated by a centrifugal sepa 
rator of 5,000 to 8,000 G, the remainder of the fine 
particles is again mixed with a newly produced interme 
diate comprising the organic solvent having a low boil 
ing point, whereby the organic solvent is evaporated 
from the mixture. By repeating such process, it is possi 
ble to obtain a ferrofluid containing very highly concen 
trated fine particles of a high dispersion property. 
The aforementioned method is the wet one. Of 

course, it is available to obtain the ferromagnetic fine 
particles by the dry method. 
When the poly-a-olefin oil is used as a dispersing 

medium, some ferromagnetic particles having a bad 
dispersion property are separated from the intermedi 
ate. Subsequently, the intermediate may be heated and 
the organic solvent having a low boiling point may be 
evaporated. After this procedure, the poly-a-olefin oil, 
the second surface-active agent and the oxidation inhib 
itor are added to the ferromagnetic fine particles. 

Still further, when the poly-a-olefin oil is used as a 
dispersing medium, the ferromagnetic fine particles are 
to be lipophilic and are dispersed in the organic solvent 
having a low boiling point, thereby the intermediate is 
obtained. Subsequently, the poly-a-olefin oil, the sec 
ond surface-active agent and the oxidation inhibitor are 
added to the intermediate. Thus, a mixture thereof is 
prepared and evaporated. Alternatively, the intermedi 
ate may be heated and the above three materials may be 
added thereto. Accordingly, a low boiling content of 
the intermediate is removed, thereby highly concen 
trated fine particles are dispersed stably in the ferro 
fluid. 

Preferred examples of this invention will now be 
described hereinafter. 

EXAMPLE 1: 
Preparation of the ferrofluid by using polybutene 

(Nisseki LV-25E) as a dispersing medium and magnetite 
particles as ferromagnetic substance 

Add an aqueous solution of 6N NaOH to 1 liter of 
aqueous solution of each 1 mol/l of ferrous sulfate and 
ferric sulfate until the pH value reaches 11 or above and 
mature the solution at 60' C. for 30 minutes to obtain a 
magnetite colloid. Subsequently, keep the magnetite 
suspension at 60' C., add to it a solution of 3NHCL and 
adjust the pH value to 4 to 5. Stir the solution thus 
obtained for 30 minutes after adding 20 g of sodium 
oleate to the solution. Keep the stirred solution station 
ary, coalesce magnetite powders, discharge a superna 
tant liquid and add water. Repeating water washing 
several times, remove electrolytes therefrom. 
Add a small quantity of HCL to the liquid when the 

liquid shows a state of dispersion with the rise in pH 
value. Thereafter, transfer the liquid to a separate fun 
nel, add hexane to the liquid, shake the funnel well and 
separate water from hexane after letting the liquid settle 
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down. Separate centrifugally the hexane, on which 
magnetite particles are dispersed, under the centrifugal 
force of 8000 G for 20 minutes. Discharge an upper 
liquid, add to the remainder 30 cc of polybutene and 1 
cc of nonionic surface-active agent of polyoxye 
thylenonylphenolether (HLB 7.5), and mix them. Keep 
the mixed liquid at 90' C. and evaporate organic solvent 
by the use of a rotary evaporator. After evaporation, 
the magnetite particles are dispersed in the polybutene. 
Separate the former from the latter under the centrifu 
gal force of 8000 G for 60 minutes. By this procedure, 
some solid particles having a bad dispersion property 
were removed, and the remainder was a very stable 
ferrofluid. 

EXAMPLE2: 
Preparation of the ferrofluid by using dioctyl adipate 
C4H8COOCsh 17)2) as a dispersing medium and 

magnetite particles 
The process for dispersing the magnetite particles 

into the hexane is the same as that described in Example 
1. 
Separate centrifugally the hexane liquid separated in 

a separating funnel under the centrifugal force of 8000 
G for 20 minutes. Take out an upper liquid, evaporate 
the hexane and dry the magnetite particles by a vacuum 
thermostatic dryer. 

After drying, take out 5g of magnetite particles, add 
to it 25 cc of dioctyl adipate and 5 cc of nonionic sur 
face-active agent of polyoxyethylenonylphenolether 
(HLB 12.8), and mix them. After mixing, re-heat in a 
vacuum the mixed liquid in order to completely remove 
a water content in the dispersing medium as well as a 
water content adsorbed on the magnetite particles. 

After cooling, separate the mixed liquid under the 
centrifugal force of 8000 G for 60 minutes. By this pro 
cedure, some solid particles having a bad dispersion 
property were removed, and the remainder was a very 

40 stable ferrofluid. 
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EXAMPLE 3: 

Preparation of a ferrofluid composition by using 
poly-a-olefin oil (P-60 of Bray Oil Corp.) as a dispersing 
medium, iso-stearic acid as a second surface-active 

agent, and magnetite particles 
Add an aqueous solution of 6N NaOH to 1 liter of 

another aqueous solution of each l mol/liter of ferrous 
sulfate and ferric sulfate until the pH value reaches 11 or 
above and mature the solution at 60' C. for 30 minutes 
to obtain a magnetite colloid. Keep the magnetite sus 
pension at 60' C., add to it a solution of 3N HCL and 
adjust the pH value to 4 to 5. Subsequently, add sodium 
oleic acid and stir for 30 minutes. Let the mixture sta 
tionary and coalesce the magnetite particles. Then, 
discharge a supernatant liquid and add water. Repeating 
water washing several times, remove electrolytes. Add 
a small quantity of HCL to the liquid when the liquid 
shows a state of dispersion with the rise in pH value. 
Subsequently, filter this liquid and dehydrate the mag 
netite particles. Add hexane as organic solvent having a 
low boiling point to the magnetite particles and make 
separation of a well-mixed liquid for 20 minutes under a 
centrifugal force of 4000 G. Then, transfer the liquid to 
a funnel and separate the hexane from a water content. 
Subsequently, keep at 90' C. the hexane in which the 
magnetite particles are dispersed. After evaporation 
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take out the magnetite particles remained in an evapora 
tor, put them into a vacuum thermostatic dryer, keep 
this condition for one hour at 100 C. and dry con 
pletely the magnetite particles. 

After drying, disperse again 2 g of the magnetite 
particles in the hexane. Then, add 5 cc of poly-a-olefin 
oil, 0.03 cc of isostearic acid as second surface-active 
agent, 0.05 g of 4,4'-metylene-bis-2,6-ditert-butylphenol 
as oxidation inhibitor. After mixing fully those sub 
stances, dry the hexane by a rotary evaporator. After 
evaporation, disperse the magnetite particles in the 
poly-a-olefin oil, and separate some solid particles hav 
ing a bad dispersion property therefrom under a centrif. 
ugal force of 8000 G for 60 minutes. The reminder was 
a very stable ferrofluid. 

EXAMPLE 4: 

Preparation of a ferrofluid composition by using 
poly-a-olefin oil (P-60 of Bray Oil Corp.) as a dispersing 
medium, a nelissic acid as a super-active agent and 

magnetite particles 
The procedure for preparing the magnetite, dispers 

ing it to hexane, and drying its mixture is the same as 
that in Example 1. 

After drying, take 2 g of the magnetite particles, 
disperse again in the hexane and add 5 cc of the poly-a- 
olefin oil, 0.03 g of the melissic acid and 0.05 g of the 
oxidation inhibitor as described in Example 1. After full 
mixing, the hexane is evaporated by a rotary evapora 
tor. After evaporation, disperse the magnetite particles 
in the poly-a-olefin oil, and separate the former from 
the latter for 60 minutes under a centrifugal force of 
8000 G. By this procedure, some solid particles having 
a bad dispersion were removed, and the remainder was 
a very stable ferrofluid. 
What is claimed is: 
1. A process for producing an improved ferrofluid, 

which comprises: 
controlling pH of an aqueous suspension of ferromag 

netic fine particles to less than an equipotential 
point; 

adding a surface-active agent and an organic solvent 
having a low boiling point to said ferromagnetic 
fine particles to coat each surface of said fine parti 
cles with said surface-active agent; 

dispersing said thus coated fine particles in said or 
ganic solvent to form an intermediate particulate 
material; 

separating ferromagnetic fine particles of bad disper 
sion from said intermediate particulate material; 

mixing a dispersing medium selected from the group 
of an oil group, an ester group or an ether group 
with said intermediate particulate material to form 
a mixture thereof; and 

heating said mixture to evaporate said organic solvent 
to form said improved ferrofluid. 

2. The process for producing an improved ferrofluid 
as claimed in claim 1, wherein said intermediate particu 
late material is obtained by adding said surface-active 
agent to said ferromagnetic fine particles to coat each 
surface of said first particles with said surface-active 
agent prior to adding said organic solvent to said thus 
coated fine particles. 

3. The process for producing an improved ferrofluid 
as claimed in claim 1, wherein said intermediate particu 
late material is obtained by adding said organic solvent 
having a low boiling point so said ferromagnetic fine 
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particles to form a suspension and adding said surface 
active agent to said suspension. 

4. The process for producing an improved ferrofluid 
as claimed in claim 1, wherein said intermediate particu 
late material is obtained by adding a mixture of said 
surface-active agent and said organic agent to said fer 
romagnetic fine particles. 

5. The process for producing an improved ferrofluid 
as claimed in claim 1, wherein said surface-active agent 
is a compound having more than 10 carbon atoms and 
one or more polar groups selected from the COOH 
group, OH group, SO3H group and is any one of an 
acid, salt or lactone of said compound. 

6. The process for producing an improved novel 
ferrofluid as claimed in claim 1, wherein when said 
ferromagnetic fine particles are coated in an aqueous 
suspension, and wherein a quantity of said surface-ac 
tive agent added to said aqueous suspension is limited to 
an enabling formation of a monomolecular layer on 
each surface of said fine particles. 

7. The process for producing an improved ferrofluid 
as claimed in claim 1, wherein said dispersing medium 
selected is provided with a nonionic surface-active 
agent. 

8. A process for producing an improved ferrofluid, 
which comprises: 

(a) controlling pH of an aqueous suspension of ferro 
magnetic fine particles to less than an equipotential 
point; 

(b) adding a surface-active agent and an organic sol 
vent having a low boiling point to said ferronag 
netic fine particles to coat each surface of said fine 
particles with said surface-active agent; 

(c) dispersing said thus coated fine particles in said 
organic solvent to form an intermediate particulate 
material; 

(d) separating ferromagnetic fine particles of bad 
dispersion from said intermediate particulate mate 
rial: 

(e) heating said intermediate particulate material to 
evaporate said organic solvent; and 

(f) subsequently adding a dispersion agent selected 
fron an oil group, an ester group or an ether group 
to said material of step (e) to from said improved 
ferrofluid. 

9. A ferrofluid composition comprising: 
a poly-a-olefin oil as a dispersing medium having an 

oligomer of from 25 to 45 carbon atoms; 
ferromagnetic fine particles dispersed in said poly-a- 

olefin oil in an amount of from 1 to 20 volume 
percent, said ferromagnetic particles having a par 
ticle size of from 20 to 500 

a first surface-active agent and a second surface-ac 
tive agent each of which is adsorbed on said ferro 
magnetic fine particles; and 

an oxidation inhibitor in an amount of from 0.1 to 10 
weight percent of said poly-a-olefin oil. 

10. The ferrofluid composition as claimed in claim 9, 
wherein said first surface-active agent in an unsaturated 
fatty acid salt having more than 8, 10 carbon atoms. 

11. The ferrofluid composition as claimed in claim 9, 
wherein said second surface-active agent is a saturated 
fatty acid salt having more than 18 carbon atoms. 

12. A process for producing an improved ferrofluid, 
which comprises: 

adding a first surface-active agent and an organic 
solvent having a low boiling point to ferromagnetic 
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fine particles to coat each surface of said fine parti 
cles with said first surface-active agent; 

dispersing said thus coated fine particles in said or 
ganic solvent to form an intermediate particulate 
material; 

separating some ferromagnetic fine particles of bad 
dispersion from said intermediate particulate mate 
rial; 

adding a poly-a-olefin oil, a saturated fatty acid as a 
second surface-active agent having more than 18 
carbon atoms and an oxidation inhibitor to said 
intermediate particulate material, to prepare a mix 
ture thereof; and 

heating said mixture to evaporate organic solvent. 
13. A process for producing an improved ferrofluid, 

which comprises: 
(a) adding a first surface-active agent and an organic 

solvent having a low boiling point to ferromagnetic 
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fine particles to coat each surface of said fine parti 
cles with said first surface-active agent; 

(b) dispersing said thus coated fine particles in said 
organic solvent to form an intermediate particulate 
material; 

(c) separating some ferrogmagnetic fine particles of 
bad dispersion from said intermediate particulate 
material; 
(d) adding a poly-a-olefin oil to said intermediate 
particulate material; 
(e) (d) heating said intermediate particulate mate 
rial to evaporate organic solvent; and 
(f) (e) adding a poly-a-olefin oil, a saturated fatty 
acid as a second surface-active agent having more 
than 18 carbon atoms and an oxidation inhibitor to 
the produce of step (e)(d). 

ax 


