a2 United States Patent
Park et al.

US009719003B2

US 9,719,003 B2
Aug. 1, 2017

(10) Patent No.:
45) Date of Patent:

(54) PHASE-CHANGE SUSPENSION FLUID
COMPOSITION INCLUDING FUMED SILICA
PARTICLES AND METHOD FOR
PREPARING THE SAME

(71)
(72)

Applicant: Hyundai Motor Company, Seoul (KR)

Jong Min Park, Incheon (KR); Jae Sik
Seo, Seoul (KR); Kyung Mo Yang,
Gyeonggi-do (KR); Dae Sung Chang,
Gyeonggi-do (KR); Hyoung Jin Choi,
Seoul (KR)

Inventors:

(73)

")

Assignee: Hyundai Motor Company, Seoul (KR)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 154 days.

1) 14/570,564

(22)

Appl. No.:

Filed: Dec. 15, 2014

(65) Prior Publication Data

US 2016/0130491 Al May 12, 2016

(30) Foreign Application Priority Data

Nov. 7, 2014 (KR) 10-2014-0154260

(51) Int. CL
CO8K 5/06
CO9K 5/06

(2006.01)

(2006.01)
(Continued)
(52) US. CL

CPC ..o CO09K 5/06 (2013.01); CO8K 3/36
(2013.01); C10M 169/04 (2013.01);

(Continued)

—— EGIFU-81 0. 1wl

s BG5S twi%h
b EGFE-B Do
e EGIFG-8E Bwt%
oo EGIFE-RT 10w
e EGIF -1 15085 4
e EGIF -8 20w

30 g

E bt 09 #
R g S IR . e

Viscosity (n, Pa-s)

\8"‘\5\-

{V/
«

A T T T

£
a1 1 i o0

Shear rate {4, 18}

Vigoosity s, Pas)

(58) Field of Classification Search
CPC CO9K 5/06
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5/1992 Cochrane C03C 1/006
516/86
A62D 1/0064

252/2

5,116,535 A *

5,518,638 A * 5/1996 Buil

(Continued)

FOREIGN PATENT DOCUMENTS

JP
JP

08-041455 A 2/1996
2000-336155 A 12/2000

(Continued)
Primary Examiner — Melvin C Mayes
Assistant Examiner — Kenneth Vaden
(74) Attorney, Agent, or Firm — Mintz Levin Cohn Ferris
Glovsky and Popeo, P.C.; Peter F. Corless

(57) ABSTRACT

Disclosed are a suspension fluid and a method for preparing
the suspension fluid. Particularly, the suspension fluid is
prepared by dispersing fumed silica particles in a solvent
that includes one or more compounds selected from the
group consisting of ethylene glycol and propylene glycol,
and water. The phase-change suspension fluid obtained from
the present invention is a shear thickening fluid that have a
constant Newtonian behavior at a low rate of shear or a low
frequency band, and further have a non-Newtonian behavior
as a solid-like suspension at a high rate of shear or a high
frequency band due to an increase in viscosity. In addition,
the phase-change suspension fluid may reversibly change its
phase with vibration of a vehicle, thereby providing advan-
tages of both of the hydro bushes and the solid type bushes.
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PHASE-CHANGE SUSPENSION FLUID
COMPOSITION INCLUDING FUMED SILICA
PARTICLES AND METHOD FOR
PREPARING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 US.C. §119(a) the
benefit of Korean Patent Application No. 10-2014-0154260
filed on Nov. 7, 2014, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a phase-change suspen-
sion fluid composition and a method for preparing the
composition. In particular, the phase-change suspension
fluid may be prepared by dispersing fumed silica particles
having a particle size of about 7 to 14 nm in a solvent
including one or more compounds selected from the group
consisting of ethylene glycol and propylene glycol, and
water.

BACKGROUND

The term, “phase-change fluid” generally refers to a fluid
of' which the mechanical and physical properties are changed
by external force applied, for example, a shear thickening
fluid (STF) and a shear thinning fluid.

The shear thickening fluid (STF) is composed of concen-
trated suspension colloid prepared by dispersing non-con-
densed solid particles in a fluid such that, at or beyond a
critical shear rate, viscosity thereof may be substantially
increased as described previously in Xianzhou Zhang, Wei-
hua Li, Gong, X. L., smart mater. Struct., Vol. 17, 015051
(2008).

Moreover, at a high rate of shear, the viscosity of the shear
thickening fluid (STF) may be increased to be solid-like
suspension. When shock stress is removed, the shear thick-
ening fluid (STF) may rapidly and reversibly return to be
liquid-like state as described previously in Chang, L.,
Friedrich, K., Schlarb, A. K., Tanner, R., Ye, L., ] Mater Sci,
Vol. 46, 339-346 (2011).

Meanwhile, the viscosity of the shear thinning fluid may
be reduced for ordinary flow with an increase in a rate of
shear, and thus, the rate of shear of the shear thinning fluid
may be inversely proportional to the viscosity.

Particularly, the phase-change fluid may be liquefied or be
liquid-like due to a sharp decrease in the viscosity of nano
particles at a high rate of shear. For example, the phase-
change fluid may be dispersed in a solvent such as ethylene
glycol (EG), propylene glycol (PG), ethylene glycol (EG)/
water, or propylene glycol (PG)/water.

In the related arts, nano particles have been substantially
studied due to its hydrocluster property between particles.
However, the hydrocluster property or phenomenon
between nano particles may have a substantial difference as
compared with various models that are theologically pro-
posed according to the size of particle. In addition, the
phase-change fluid may have a change in viscosity and yield
stress when external force is applied. Particularly, when such
changes occur rapidly and reversible to the load of external
force, it is referred to as a “phase-change effect”. The
phase-change fluid may be a Bingham fluid having yield
stress, which is obtained as a function of the rate of shear.
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2

The fluid having the phase-change effect may be applied
for controllable variable attenuators, such as, brakes, engine
mounts, dampers, and bushes, or the power plant, such as,
brakes and clutches, and the field where the fluid may be
applied has been expanded into a robot industry as well as
a vehicle industry and an aircraft industry.

For example, fluid filled hydro bushes are conventional
curing rubber parts, prepared by filling a fluid and then
sealing, and thus, may provide improved riding quality due
to the implement of spring-like characteristic by the com-
bination of rubber elasticity and the fluid.

However, these fluid filled hydro bushes may have tech-
nical difficulties. For example, a certain amount of fluid to
be injected may not work sufficiently for variously changing
vehicle driving states. In addition, when a conventional
Newtonian fluid having no change in viscosity according to
frequency or a rate of shear is used, the fluid moves along
a fluid pathway and absorbs vibration and the hydro bushes
that are filled with such fluid have been improved in riding
quality. However, high-speed handling performance and
durability may deteriorate.

Meanwhile, in the related arts, a fluid filled hydro bush
that can control an amount of fluid to be injected has been
developed. However, the fluid filled hydro bush may not
have a simple constitution and thus manufacturing cost may
increase and application to the vehicles may be limited.

In addition, generally used hydro bushes may be advan-
tageous in loss coefficient in a low frequency band, in
comparison to solid type bushes. However, their dynamic
spring constants may increase substantially with an increase
in frequency. Further, from the result of a vehicle driving
test, those hydro bushes may have an effect of vibration
isolation in a low frequency band, as compared with solid
type bushes, but they may vibrate vertically excessively with
an increase in frequency. Accordingly, the advantages of
both of the hydro bushes and the solid type bushes may be
required.

As such, a need for developing intelligent macromolecu-
lar dispersed fluid has been increased. For example, by
developing a fluid that is filled in hydro bushes, the advan-
tages of a hydro bush in a low frequency band and the
advantages of a solid type bush in a high frequency band
may be combined and reversible change of phase in accor-
dance with vibration of a vehicle may be obtained.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

In a preferred aspect, the present invention provides a
suspension fluid that is prepared by dispersing fumed silica
particles having a particle size of 7 to 14 nm in a solvent. In
particular, the solvent may include one or more compounds
selected from the group consisting of ethylene glycol and
propylene glycol, and water. Accordingly, the suspension
fluid may be a shear thickening fluid that may have a
constant Newtonian behavior at a low rate of shear or a low
frequency band and have a non-Newtonian behavior as a
solid-like suspension by increasing a viscosity thereof at a
high rate of shear or high frequency band. As such, the
suspension fluid may have the advantage of hydro bush at a
low frequency band and the advantage of solid type bush at
a high frequency band.
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In one aspect, provided is a phase-change suspension fluid
composition that may include fumed silica particles.

In another aspect, provided is a method for preparing a
phase-change suspension fluid.

Still in another aspect, provided is an automotive hydro
bush for a vehicle that may include the phase-change
suspension fluid having a viscosity of about 0.01 to 20 Pa-s,
which is prepared according to the above method.

In an exemplary embodiment, the phase-change suspen-
sion fluid composition may include: fumed silica particles;
and a solvent including one or more compounds selected
from the group consisting of ethylene glycol and propylene
glycol and water.

Particularly, the phase-change suspension fluid composi-
tion may include: the fumed silica particles in an amount of
about 5 to 30 wt % and the solvent with respect to the total
weight of the phase-change suspension fluid composition.
The composition above may consist essentially of, or consist
of, the disclosed materials. For example, a fluid composition
is provided that consists essentially of, or consists of: the
fumed silica particles in an amount of about 5 to 30 wt % and
the balance of the solvent with respect to the total weight of
the phase-change suspension fluid composition.

In an exemplary embodiment, the method for preparing
the phase-change suspension fluid may include: (i) preparing
a suspension fluid by mixing and dispersing fumed silica
particles in a solvent; (ii) sonicating the suspension fluid;
and (iii) removing air from the sonicated suspension fluid by
placing the sonicated suspension fluid in a vacuum chamber.
As used herein, the solvent may include one or more
compounds selected from the group consisting of ethylene
glycol and propylene glycol, and water

In an exemplary embodiment, the hydro bush for a vehicle
may include a phase-change suspension fluid having a
viscosity of about 0.01 to 20 Pa-s, which is prepared
according to the above method.

Further provides are vehicles that use the hydro bush as
described herein.

Other aspects and preferred embodiments of the invention
are discussed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other behaviors of the present invention
will now be described in detail with reference to certain
exemplary embodiments thereof illustrated the accompany-
ing drawings which are given hereinbelow by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

FIG. 1 shows graphs from test results of shear viscosities
in accordance with the shear rates of exemplary phase-
change fluids prepared in Comparative Examples 1 and 2
and Examples 1 and 2 according to exemplary embodiments
of the present invention, where 1) shows the results of
Comparative Example 1 and Example 1 using fumed silica
having a particle size of about 7 nm and IT) shows the results
of Comparative Example 2 and Example 2 using fumed
silica having a particle size of about 14 nm;

FIG. 2 shows graphs from test results of storage modulus
and loss modulus in accordance with the strains of exem-
plary phase-change fluids prepared in Comparative
Examples 1 and 2 and Examples 1 and 2 according to
exemplary embodiments of the present invention, where
FIG. 2A illustrates the storage modules, FIG. 2B illustrates
the loss modulus, and particularly 1) of FIG. 2A or FIG. 2B
shows the results of Comparative Example 1 and Example
1 using fumed silica having a particle size of about 7 nm, and
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1II) of FIG. 2A or FIG. 2B shows the results of Comparative
Example 2 and Example 2 using fumed silica having a
particle size of about 14 nm;

FIG. 3A shows graphs from test results of complex
viscosities in accordance with the frequencies of exemplary
phase-change fluids prepared in Comparative Examples 1
and 2 and Examples 1 and 2 according to exemplary
embodiments of the present invention, where 1) of FIG. 3A
shows the results of Comparative Example 1 and Example
1 using fumed silica having a particle size of about 7 nm, and
1I) of FIG. 3 A shows the results of Comparative Example 2
and Example 2 using fumed silica having a particle size of
about 14 nm;

FIG. 3B shows graphs of storage modulus in accordance
with the frequencies of exemplary phase-change fluids pre-
pared in Comparative Examples 1 and 2 and Examples 1 and
2 according to exemplary embodiments of the present inven-
tion, where 1) of FIG. 3B shows the results of Comparative
Example 1 and Example 1 using fumed silica having a
particle size of about 7 nm, and II) of FIG. 3B shows the
results of Comparative Example 2 and Example 2 using
fumed silica having a particle size of about 14 nm;

FIG. 3C shows graphs of loss modulus in accordance with
the frequencies of exemplary phase-change fluids prepared
in Comparative Examples 1 and 2 and Examples 1 and 2
according to exemplary embodiments of the present inven-
tion, where 1) of FIG. 3C shows the results of Comparative
Example 1 and Example 1 using fumed silica having a
particle size of about 7 nm, and II) of FIG. 3C shows the
results of Comparative Example 2 and Example 2 using
fumed silica having a particle size of about 14 nm; and

FIG. 4 shows graphs from test results of damping factors
in accordance with the frequencies of exemplary phase-
change fluids prepared in Comparative Examples 1 and 2
and Examples 1 and 2 according to exemplary embodiments
of'the present invention, where I) of FIG. 4 shows the results
of Comparative Example 1 and Example 1 using fumed
silica having a particle size of about 7 nm, and II) of FIG.
4 shows the results of Comparative Example 2 and Example
2 using fumed silica having a particle size of about 14 nm.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various preferred behaviors illustrative of
the basic principles of the invention. The specific design
behaviors of the present invention as disclosed herein,
including, for example, specific dimensions, orientations,
locations, and shapes will be determined in part by the
particular intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
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Unless specifically stated or obvious from context, as
used herein, the term “about” is understood as within a range
of normal tolerance in the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about”.

Hereinafter reference will now be made in detail to
various exemplary embodiments of the present invention,
examples of which are illustrated in the accompanying
drawings and described below. While the invention will be
described in conjunction with exemplary embodiments, it
will be understood that present description is not intended to
limit the invention to those exemplary embodiments. On the
contrary, the invention is intended to cover not only the
exemplary embodiments, but also various alternatives,
modifications, equivalents and other embodiments, which
may be included within the spirit and scope of the invention
as defined by the appended claims.

Hereinafter, the present invention will be described in
more detail with reference to one embodiment.

The phase-change suspension fluid composition may
include: fumed silica particles; and a solvent including one
or more compounds selected from the group consisting of
ethylene glycol and propylene glycol and water.

20
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In particular, the fumed silica particles used in the com-
position may be ‘phase-change macromolecules’ and the
phase-change fluids may be formed as suspension fluid
(suspension) by dispersing the phase-change macromol-
ecules in a solvent including one or more compounds
selected from the group consisting of ethylene glycol and
propylene glycol, and water.

The ethylene glycol represented by Formula I and the
propylene glycol represented by Formula II in the solvent
may have a number average molecular weight of about 50 to
100.

HO—CH,—CH,—OH (Formula I)

HO—CH,—CH,—CH,—OH (Formula II)

When the number average molecular weight is less than
about 50, the content of low molecular weight impurities
may increase, and thus, the purity of ethylene glycol may be
reduced. When the number average molecular weight is
greater than about 100, the purity of propylene glycol may
be reduced. Accordingly, the glycols in the above-described
range may be used in the composition.

In addition, the fumed silica may be crystallized at a high
temperature of about 1100 to 1180° C. The reaction thereof
may be presented as follows.

SiCl4+H,+0,—Si0,+HCI [Reaction Formula]

TABLE 1

*Silica Properties

Aerosil Aerosil Aerosil Aerosil  Aerosil  Aerosil  Aerosil Carbosil Carbosil
200 300 380 R812 RO72 R104 R106 M-5  TS-530
fumed
Company Degussa-Huls Cabot
Behaviour toward water hydrophilic hydrophobic hydro-  hydro-
philic  phobic
Surface treated — — — HMDS Dimethyl Octamethyl- — silicone
dichloro- cyclotetra- oil and
silone siloxane HMDS
SiO, content (% w/w)  >99.8  >99.8  >99.8 >99.8 >99.8 >99.8 >99.8 >99.8 >99.8
Surface Area BET (m%/g) 200 300 380 260 110 150 250 200 215
Average Primary 12 7 7 7 16 12 7
Partical Size (nm)
Tapped Density (g/l) 60 60 60 60 60 60 60
Standard Material
Densified Material 120 120 120 — 90 90 —
(suffix,, v?)
Loss on Drying (% w/w)  <L.5 <L.5 <2.0 <0.5 <0.5 — — <1.5 0.6
Moisture content
(2 hours at 105° C.)
Igition Loss % <1 <2 <2.5 <0.5 <2 <2 —
(2 hours at 1000° C.)
pH value 3.4~3.7 55~75  3.6~4.4 >4.0 >3.7 3.7~43 4.8~75
C-content — — — 2.0~3.0 0.6~1.2 1~2 1.5~3.0 — 4.2
Sieve residue % (W/W)  <0.05  <0.05 <0.05 — — — — 0.02 —
(Mocker, >40° 22)
Oil absorption (ml/100 g)
HDK HDK HDK  Reolosil Zeosil Nipsil
V15 H2000  H3004 MT-10 132 LP
fumed precipitated
Company Wacker Tokuyama Rhodia Nippon
Behaviour toward water  hydro- hydrophobic hydro- hydro-
philic phobic philic
Surface treated — Methyl-
trichloro-
silone
SiO, content (% w/w) >99.8 >99.8 >99.8
Surface Area BET (m%g) 150 140 200 120 170~220
Average Primary 9000
Partical Size (nm)
Tapped Density (g/l) 50 220 80 50 60~80

Standard Material
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TABLE 1-continued

*Silica Properties

Densified Material
(suffix,, v)
Loss on Drying (% w/w)
Moisture content
(2 hours at 105° C.)
Igition Loss %

(2 hours at 1000° C.)
pH value
C-content

Sieve residue % (W/W)

(Mocker, >40° 2£8)

Oil absorption (ml/100 g)

110

<1.0 <0.6

<1.5 <2.5

3.6~4.3

6.7~1.7
<3.0

6.0~8.0

<2.5

4.0~5.5 5.5~6.5
<5.0

<0.01

180~200

The above-described Table 1 lists commercially produced
fumed silica. In particular, the fumed silica having a hydro-
philic particle and a particle size of 7 to 14 nm may be used
in the present invention. When the particle size is less than
about 7 nm, the fumed silica may not be suitably prepared
in the composition, and when the particle size is greater than
about 14 nm, t a shear thickening phenomenon may not be
generated. Accordingly, the fumed silica having a particle
size in the above-described range may be used.

In addition, the fumed silica having a specific surface area
of about 200 to 400 m*/g may be used in the composition
and the method of the invention. When the specific surface
area is less than about 200 m?/g, t a particle size may not be
distributed uniformly, and when the specific surface area is
greater than about 400 m*/g, the particles may agglomerate
together to form size thereof greater than about 14 nm.
Accordingly, the fumed silica having a specific surface area
in the above-described range may be used.

The fumed silica particles may be used in the amount of
about 5 to 30 wt % or particularly in the amount of about 5
to 20 wt %, with respect to the total weight of phase-change
suspension fluid composition. When the fumed silica par-
ticles are included in the amount of less than about 5 wt %,
a Newtonian behavior without generating a shear thickening
phenomenon may be dominant. When the fumed silica
particles are included in the amount of greater than about 30
wt %, the viscosity thereof may be substantially increased,
and thus, it may not be suitably used for applying the
particles as a fluid in the hydro bushes. Accordingly, the
particles may be used in the composition in the amount of
the above-described range.

The method for preparing a phase-change suspension
fluid may include:

(1) preparing a suspension fluid by adding and dispersing
fumed silica particles in a solvent including one or more
compounds selected from the group consisting of ethylene
glycol and propylene glycol, and water;

(ii) sonicating the suspension fluid obtained in the step (i);
and

(iii) removing air from the sonicated suspension fluid.

Particularly, in step (iii), the air may be removed from the
sonicated suspension fluid by placing the sonicated suspen-
sion fluid in a vacuum chamber, but the method of removing
air may not be limited thereto.

In the step of (i), the suspension fluid may be prepared by
adding and dispersing fumed silica particles in a solvent that
may include one or more compounds selected from the
group consisting of ethylene glycol and propylene glycol,
and water. Particularly, the prepared suspension fluid may be
in a state that fine solid particles are dispersed and floating
in the liquid.
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Next, in the step of (ii), the suspension fluid prepared in
the step of (i) may be sonicated, such that the fumed silica
particles may be dispersed uniformly. In particular, the
sonication may be performed for about 9 to 12 hours. When
the sonication is performed for less than about 9 hours, the
dispersion of the particles and fluid in the suspension fluid
may not be sufficiently performed. When the sonication is
performed for greater than about 12 hours, the preparation
time may be increased. Accordingly, the sonication or the
preparing process may be performed during the above-
described range of time.

In the step of (iii), air may be removed from the sonicated
suspension fluid, particularly by placing the sonicated sus-
pension fluid in a vacuum chamber to remove air bubbles
included in the fluid. The removing air process may be
performed for about 9 to 12 hours. When this process is
performed for less than about 9 hours, the air bubbles may
not be sufficiently removed, and when this process is per-
formed for greater than about 12 hours, the preparing time
may be increased. Accordingly, the process of removing air
may be performed during the time in the above-described
range.

The phase-change suspension fluid thus prepared may
have a constant Newtonian behavior at a low rate of shear or
a low frequency band, and further may have a non-Newto-
nian behavior as a solid-like suspension by increasing its
viscosity at a high rate of shear or a high frequency band. In
particular, the phase-change suspension fluid may have a
viscosity of about 0.01 to 20 Pa-s. When the phase-change
suspension fluid has a viscosity of less than about 0.01 Pa-s,
the difference of pure ethylene glycol or propylene glycol
viscosity may not be generated. When the phase-change
suspension fluid has a viscosity of greater than about 20 Pa-s,
an injection may not be performed properly at the time of
preparing a fluid to be filled. Accordingly, the phase-change
suspension fluid may have the viscosity in the above-
described range.

According to various exemplary embodiments of the
present invention, the phase-change fluid may reversibly
change the phase in accordance with vibration of a vehicle,
and may be applied for controllable variable attenuators,
such as, suspension systems, isolators, and engine mounts,
or the power plant, such as, brakes and clutches.

Hereinafter, the present invention will be described in
more detail with reference to Examples. However, these
Examples are only for illustrating the present invention, but
the present invention is not limited thereto.

EXAMPLES

The following examples illustrate the invention and are
not intended to limit the same.
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Example 1 and Comparative Example 1
Silica Particle Size of About 7 nm

Examples 1-1 to 1-6 and Comparative Examples 5
1-1to 1-4

According to the composition ratio of the constituents
listed in Table 2, the fumed silica having a particle size of
about 7 nm was mixed in a solvent that was prepared by
mixing ethylene glycol and water, and then resulting mixture
was mechanically mixed using a blander for about 1 hour to
prepare a suspension fluid. The ultrasonication was per-
formed for about 12 hours so as to uniformly disperse the
polyethylene oxide particles in such a suspension fluid, and
then, the suspension fluid was added in a vacuum chamber
to remove air bubbles, thereby preparing the phase-change
suspension fluid.

TABLE 2 20

Composition and content of phase-change suspension fluid (unit: g)

Ethylene glycol

Item Fumed silica (EG) Di-water 25

Example 1-1 1.06 (5 wt %) 10 10
Example 1-2 0.87 (8 wt %) 10 10
Example 1-3 2.22 (10 wt %) 10 10
Example 1-4 3.52 (15 wt %) 10 10
Example 1-5 5 (20 wt %) 10 10
Example 1-6 8.6 (30 wt %) 10 10 30
Com. Example 1-1 0.02 (0.1 wt %) 10 10
Com. Example 1-2 0.2 (1 wt %) 10 10
Com. Example 1-3 13.3 (40 wt %) 10 10

35
Example 2 and Comparative Example 2

Silica Particle Size of About 14 nm

Examples 2-1 to 2-6 and Comparative Examples 40
2-1to 2-4

The phase-change suspension fluids were prepared as
described in Example 1 and Comparative Example 1, except
that fumed silica having a particle size of about 14 nm was ,5
used.

TABLE 3
Composition and content of phase-change suspension fluid (unit: g) S0
Ethylene glycol

Item Fumed silica (EG) Di-water
Example 2-1 1.06 (5 wt %) 10 10
Example 2-2 0.87 (8 wt %) 10 10
Example 2-3 2.22 (10 wt %) 10 10 55
Example 2-4 3.52 (15 wt %) 10 10
Example 2-5 5 (20 wt %) 10 10
Example 2-6 8.6 (30 wt %) 10 10
Com. Example 2-1 0.02 (0.1 wt %) 10 10
Com. Example 2-2 0.2 (1 wt %) 10 10
Com. Example 2-3 13.3 (40 wt %) 10 10 60

Experimental Example

In order to measure the rheological behaviors of the 65
phase-change suspension fluids obtained by Examples 1-1 to
2-6 and Comparative Examples 1-1 to 2-2, the viscosities
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and damping factors were obtained while shear rates and
frequencies were adjusted using an instrument. The mea-
surement geometry used was a double gap cell type, and the
cup and bob were not applied with any kinds of external
forces. In addition, in order to obtain the accuracy of the test
results, the above process was performed after re-dispersing
vibration fluid all the time. The above measurement results
are illustrated in FIGS. 1 to 4. Hereinafter, the test results
will be described in detail.

FIG. 1 shows graphs from the test results of shear
viscosities in accordance with the shear rates of exemplary
phase-change fluids prepared in Comparative Examples 1
and 2 and Examples 1 and 2 according to exemplary
embodiments of the present invention. As shown in FIGS. 1
I and 11, the Newtonian behavior of constant viscosity may
be shown at a low rate of shear, the non-Newtonian behavior
may be shown at a high rate of shear because the viscosity
of a shear thickening fluid (STF) increases so as to be
solid-like suspension.

FIG. 2 shows graphs from the test results of storage
modulus and loss modulus in accordance with the strains of
exemplary phase-change fluids prepared in Comparative
Examples 1 and 2 and Examples 1 and 2 according to
exemplary embodiments of the present invention. The
modulus in accordance with the strain to the frequency of 1
Hz was shown. According to FIG. 2, a linear viscoelastic
region may be shown.

FIG. 3A shows graphs from the test results of complex
viscosities in accordance with the frequencies of exemplary
phase-change fluids prepared in Comparative Examples 1
and 2 and Examples 1 and 2 according to exemplary
embodiments of the present invention. As shown in FIG. 3A,
the complex viscosities show a constant behavior at a low
frequency band, and further show a non-Newtonian behav-
ior at a high frequency band because the complex viscosity
of the shear thickening fluid (STF) increases to be solid-like
suspension.

FIG. 3B shows the graphs of the storage modulus in
accordance with the frequencies of exemplary phase-change
fluids prepared in Comparative Examples 1 and 2 and
Examples 1 and 2 and the spring characteristic of the
phase-change fluid is shown.

FIG. 3C shows graphs of the loss modulus in accordance
with the frequencies of exemplary phase-change fluids pre-
pared in Comparative Examples 1 and 2 and Examples 1 and
2 according to exemplary embodiments of the present inven-
tion and the viscosity characteristic of the phase-change
fluid is shown.

Finally, FIG. 4 shows graphs from the test results of
damping factors in accordance with the frequencies of
exemplary phase-change fluids prepared in Comparative
Examples 1 and 2 and Examples 1 and 2 according to
exemplary embodiments of the present invention. In detail,
the viscosity characteristic is shown at greater than about 1
of a standard point, and the spring characteristic is shown at
less than about 1 of a standard point.

Accordingly, the phase-change suspension fluid accord-
ing to various exemplary embodiments of the present inven-
tion may have a constant Newtonian behavior at a low rate
of shear or a low frequency band, and further may have a
non-Newtonian behavior as a solid-like suspension at a high
rate of shear or a high frequency band due to an increase in
viscosity.

In other words, the present invention may provide an
intelligent macromolecular dispersed fluid that has the
advantages of a hydro bush in a low frequency band and the
advantages of a solid type bush in a high frequency band,
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and may reversibly change the phase in accordance with
vibration of a vehicle. Therefore, the fluid according to the
present invention may be applied for controllable variable
attenuators, such as, suspension systems, isolators, and
engine mounts, or the power plant, such as, brakes and
clutches, and may also be widely applied for the vehicle
industry and the aircraft industry.

Accordingly, the phase-change suspension fluid obtained
from the present invention may be a fluid with the shear
thickening flowing behavior such that the phase may revers-
ibly change according to vehicle vibration and the compat-
ible effect of the advantage of hydro bush at a low frequency
band and the advantage of solid type bush at a high fre-
quency band can be provided.

Therefore, the phase-change suspension fluid may
actively control a vehicle so as to improve riding quality and
handling performance, and thus, can be applied for control-
lable variable attenuators, such as, suspension systems,
isolators, and engine mounts, or the power plant, such as,
brakes and clutches, and can be also widely applied for the
robot industry as well as the automotive industry and
aviation industry.

The invention has been described in detail with reference
to exemplary embodiments therecof. However, it will be
appreciated by those skilled in the art that changes may be
made in these embodiments without departing from the
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principles and spirit of the invention, the scope of which is
defined in the appended claims and their equivalents.

What is claimed is:

1. A hydro bush for a vehicle comprising a phase-change
suspension fluid composition, wherein the phase-change
suspension fluid comprises:

fumed silica particles; and

a solvent that includes one or more compounds selected

from the group consisting of ethylene glycol and pro-
pylene glycol, and water,

wherein the phase-change suspension has a viscosity of

about 0.01 to 20 Pa-s.

2. The hydro bush of claim 1, wherein a number average
molecular weight of the ethylene glycol and propylene
glycol included in the solvent is from about 50 to about 100.

3. The hydro bush of claim 1, wherein the fumed silica
particles have a particle size of about 7 to 14 nm, and a
specific surface area of about 200 to 400 m*/g.

4. The hydro bush of claim 1, wherein the fumed silica
particles are included in an amount of about 5 to 30 wt %
with respect to the total weight of the phase-change suspen-
sion fluid composition.

5. The hydro bush of claim 1, consisting essentially of the
fumed silica particles in an amount of about 5 to 30 wt % and
a balance of the solvent with respect to the total weight of
the phase-changesuspension fluid composition.

#* #* #* #* #*



