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In this study, the effect of nonmagnetizable glass particles to the viscosity properties of the
ball-shaped Carbonyl iron based magnetorheological fluid containing a mixture of magnetizable
and nonmagnetizable particles were investigated. Two different MR fluids with different mass
fraction of Carbonyl iron and glass particles were tested in the experiments. Experiment results
show that the viscosity is greatly improved when the glass particles are added in the magneto-
rheological fluid. When the added glass particles mass fraction up to 10%, the viscosity is at the
highest value under the application of the currents, nearly 7 times larger than MRF-60 without
glass particles. MRF-60, MRF-65 two different magnetorheological fluids exhibits similar phe-
nomena. The proper amount of glass particles can enhance the viscosity of the magnetorheologi-
cal fluid.
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WccnenoBano BamaHme HeMArHMTHBIX UYACTHIL CTEKJa HA BA3KOCTHBIE CBOMCTBA
MATrHATOPEOJIOTMYECKOM JKUIKOCTH HA OCHOBE KapOOHOBOIO JKeje3a Ha OCHOBe KapOoHa,
coIlepsKaIeil cMeCh MATHUTHBIX ¥ HEMATHUTHBIX YACTHUIL. B sKclIepuMeHTax OBLIN MCIIBITAHBI
nBe pasHble MP-mmmkocTu ¢ pasHO MaccoBOM HoJiell KapOOHMJILHOIO IKejie3a M YaCTHIL
crerJia. Pe3ybraTsl sKCIepuUMeHTA IIOKA3BIBAIOT, UYTO BA3SKOCTh 3HAYUTEBHO YJIYUIAeTCsa IpPH
100aBJI€HUN YACTHUILL CTEKJIa B MATHUTOPEOJIOMMYECKYIO sKIIK0CTh. Korma mobasiieHHAas MaccoBas
oJist gyacTuil crersia 10 10%, BA3KOCTh HaXOAUTCSI HA CAMOM BBICOKOM 3HAYEHUH P IIPUMEHEeHU N
TOKOB, oyt B 7 pas npessrmanmux MRF-60 6e3 crekmsuuex vactur. MRF-60, MRF-65 nmeror
IBe pasHble MarHUTOPEOJIOTHMYECKME $KHIKOCTH C AHAJOTHYHBIMHU sBJIeHHAMHU. l[IpaBuibaOe
KOJIMYECTBO YAaCTHUIL CTEKJIA MOYKET IIOBBICUTH BA3KOCTh MATHUTOPEOJIOTUIECKON KUTKOCTH.

B’a3ki BmacTuBoCTi MarHiTopeosiorivecKkou piiuHu HA OCHOBI KapOOHOEBOIrO 3asi3a 3
nonasanuam gactok ckna. CHEN Bingsan, LAI Xiaobin, LI Chunyu

JlocmimykeHo  BIUIMB —~ HEMAarHITHHX  YACTHHOK  CKJIA HA  BS3KICHI  BJIACTHBOCTL
MAaTHITOPEOJIOITYECKOM PIIMHU HA OCHOBI KapOOHOBOIO 3aJjida Ha OCHOBI KapOOHY, IO MICTUTH
CyMiIlI MATHITHHUX 1 HEMAarHITHUX YaCTUHOK. B excrepumenTtax OyJyix BHIIpoOyBaHi 1Bl pi3Hl
MP-piguau 3 pisHOI MACOBOI YACTKOI KapOOHIJIBHOIO 3aJ/Ii3a 1 YAaCTHHOK CKja. Pesynbratu
EKCIIEPUMEHTY TOKAa3yI0Th, 10 B'SI3KICTh 3HAYHO IOJIIIIYETHCS IIPU JOJABAHHI YACTHHOK CKJIA
B MarsiTopeoJioriveckoi piguna. Koim gogana MacoBa yacTka 4acTHHOK cKya g0 10%, B’I3KicTh
3HAXOIUTHCS HA HAXBUILOMY 3HAYEHHI IIPX 3aCTOCYBAHHI CTPYMIB, Maiske B 7 pasiB IepeBUILYIOTh
MRF-60 6es crnssanx vactuaok. MRF-60, MRF-65 marors ABi pidHi MarHiTOpeosIoriuecKoi piauHu
3 AHAJIOTNIYHMMHU ABUIIAMHU. [IpaBuibHe KIJIBKICTh YACTUHOK CKJIA MOYKE IIIBHUIMUTH B SI3KICTh
MAaTHITOPEOJIOTTYECKOM PIAUHU.
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1. Introduction

Magnetorheological (MR) fluid is one a kind
of smart material [1,2], which are composed of
base fluid and suspended particles. The impor-
tant and interesting feature of MR fluid is the
fast and reversible continuous phase transition,
which can be changed from a liquid to solid-like
structure with the application of magnetic field
(Guangshuo et.al, 2017). This MR effect induc-
es the change in apparent viscosity and yield
stress. The greater the variation range in ap-
parent viscosity between under magnetic field
and without magnetic field, the better control-
lability of the MR fluid. Therefore, MR fluid has
been studied and developed for many devices,
such as brake [3,4], shock absorber [5], high-
precision polishing [6,7].

MR fluid is a mixture mainly composed of
base fluid and suspension phase. Silicone oil
is usually used as the base fluid, while soft-
magnetic carbonyl iron particles are commonly
used as the suspension phase for MR fluid due
to their high saturation magnetization, favor-
able magnetic permeability and suitable par-
ticle size [8]. In order to obtain higher MR ef-
fect researchers have done a lot of studied on
the base oil, suspension phase: Triblock copo-
lymer PEOx-PPOy-PEOx were used as base
fluid and obtained higher stability and good
yield stress [9] ; Fe,O, hollow nanospheres
was used to replace the carbonyl iron to obtain
stronger structure chain and higher stability,
through the simulation and experiments, the
superparamagnetic fluid has 1.85 times larger
yield stress than the nanoparticles based MF
with excellent performance in stability [ 10, 11]
. Also, a variety of different types of nonmag-
netizable particles were added in the MR fluid,
through particle mechanics modeling and 3D
simulation analysis found that glass particles
can enhance the rheological properties of the
MR fluid [12, 13].

The present work focuses on experiment re-
search to evaluate the influence of the nonmag-
netizable glass particles to ball-shaped Car-
bonyl iron based MR fluid, aiming to achieve
higher apparent viscosity MR fluid. The paper
deals with different mass fraction of Carbonyl
iron and glass particles, to achieve maximum
improvement in apparent viscosity of the MR
fluid.

2. Experiment details

2.1 The preparation of MR fluid

To understand the effect of glass particles
on viscosity of MR fluid, two different MR sam-
ples (60, 65 m%) of ball-shaped Carbonyl iron
dispersed fluid was prepared. The MR fluid
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preparation procedure was as follows: (1). The
ball-shaped carbonyl iron powder, shown in
Fig. 1a, is dried under a vacuum degree of 0.1
MPa and a temperature of 700 degrees Celsius
for 12 h to remove the physically adsorbed wa-
ter on the surface; (2). Then, the dimer acid is
added to Isopropanol, stir to get a mixture; (3).
The dried Carbonyl iron powder is added to the
mixture obtained in last step, stirring by using
ultrasonic dispersion for 20 minutes, to obtain
a suspension; (4). The suspension obtained in
step 3 1s put into a ball mill tank, ball milling
at 200 rpm for 6-8 h; (5). The suspension ob-
tained in step 4 is placed in an electric vacuum
oven, the degree of vacuum of 0.1 MPa, 70 de-
grees Celsius for 6h, after drying the resulting
massive solid ground to powder that surface-
treated Carbonyl iron powder; (6). The dialyzed
iron powder after surface treatment is added
into the mixed solution obtained in step 5, and
the mixture is ultrasonically dispersed for 20
minutes after being uniformly stirred to obtain
a suspension; (7). The suspension obtained in
step 6 1s placed in a ball mill tank, according to
the mass ratio of the mixed material, ball mill-
ing at 300 rpm for 12h, after grinding the ball
is separated. That is MR fluid.

By adding different mass fraction glass par-
ticles, shown in Fig. 1b to obtain the experi-
ment sample with varying glass particles mass
fraction. In the experiment 5%, 10%, 15%, 20%
mass fraction glass particles were added into
the MR fluids, after stirring 6 h and ultrasonic
dispersion for 20 minutes, the experiment sam-
ples are obtained, shown in Fig. 1c.

2.2 The experiment equipment

The MCR 302 rheometer is used in the ex-
periment which is supplied by Anton Paar Inc..
As shown in Fig. 1d, the equipment mainly
consisted of an operating panel, working plate,
heating device, magnetizer, probe, motor. The
operating temperature, applied currents and
shear rates and other experimental parameters
can be accurately controlled during the experi-
mental process on the Anton Paar Rheo Com-
pass software platform.

3. Experiments and discussion

MR fluid has many rheological properties
parameters, in this paper, only the viscosity
is discussed to evaluate the effect of the non-
magnetizable glass particles on the MR fluid,
the dynamic viscosity of the MR fluid were
analyzed through the experimental results. In
the experimental process load currents are 0A,
0.5A, 1A, 1.5A, 2A, 2.5A, 3A, the temperature
is set 25 degrees Celsius.
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Fig.1 Experiment sample and its test equipment

700+ Applied current =1A
6004 —=— MRF-60
—— MRF-60+5%Glass powder

m —&— MRF-60+10%Glass powder
@ 500 —v— MRF-60+15%Glass powder
o —A— MRF-60+20%Glass powder
=
>, 400
=
8
g 300
2
> 200+

100 "‘Mmm

0 T T T T T

Shear rate (1/s)

Fig. 2. Effect of glass particles on MR fluid’s vis-
cosity

3.1 Glass particles effect to MRF-60

MRF-60 is a 60% mass fraction of the ball-
shaped Carbonyl iron based MR fluid, the
preparation process described above. When the
shear rate is set at 6.67 1/s, change the content
of the glass particles to obtain the MR fluid, the
viscosity curve is shown in Fig. 2.

It can be found that: (1). The apparent vis-
cosity of the prepared MR fluid increases with
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Fig. 3. Viscosity curves at different shear rates

the increase of the loading currents, and the
valueis 211.18 Pa s at the current I=3 A, which
shows the MR fluid effect. (2). The viscosities
are greatly improved by adding glass particles
in MRF-60. At the current I = 3A, when add
5%, 10%, 15%, 20% glass particles to MRF-
60, the viscosities are 897.5 Pas, 1593.2 Pa s,
1407.9 Pa s, 1126.4 Pa s, separately, compared
with the viscosity of MRF-60, the viscosity is
greatly improved. The maximum viscosity vari-
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Figure 4. Effect of glass particles on MR fluid’s
viscosity

ation range is 1382.02 Pas. (3). MRF-60 with
10% glass particles has the best rheological
properties. From the viscosity curves, when the
MR fluid is under the applied currents, the or-
der of the viscosityis V,, >V, >V, >V >V
which shows that too much glass particles have
an obstructing effect on the composition of the
carbonyl iron powder magnetic flux chain in the
MR fluid. However, the proper amount of glass
particles can enhance the intermolecular forces
and promote the viscosity. (4). Without applied
currents the glass particles almost have no ef-
fect on the viscosity of the MR fluid. When the
loading current I = 0A, the viscosity of MR flu-
ids 1s small, all of them are in the range of 3-10
Pa s. So a better output variable damping force
can be get.

Fig. 3 shows the viscosity curves of different
experimental samples at different shear rates.
The MR fluid shows shear thinning phenome-
non, where viscosity decreases due to breaking
of field induced chain aggregates and F,<F,
[9]. When the shear rate is greater than 30, the
phenomenon of shear thinning becomes gentle,
and the experimental results show the same
variation with the reference [9]. The viscosity
dynamic variation range of the MR fluid con-
taining glass particles is larger than which of
MRF-60 without glass particle under the same
experimental parameters.

3.2 Glass particles effect to MRF-65

MRF-65 donates the ball-shaped Carbonyl
iron is 65% mass ratio in MR fluid. When the
shear rate 1s set at 6.67 1/s, changing the con-
tent of glass particles in MR fluid, the viscosity
curve is obtained and shown in Fig. 4, which
has similar phenomena with MRF-60: (1). The
apparent viscosity of MR fluid increases with
the increase of the loading currents I. (2). MRF-
65 containing 10% glass particles has the best
rheological properties. When the current 1=3 A,
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Figure 5. Viscosity curves at different shear
rates

add 0%, 5%, 10%, 15%, 20% mass fraction glass
particles to MRF-65 to get experiment samples,
and the viscosity is 1417.3 Pa's, 1501 Pa's,
1714.9 Pas,1671.4 Pa s, 1567.7 Pa s separate-
ly. The maximum impact range on the viscos-
ity 1s 297.6Pa.s. (3). The glass particles almost
have no effect on the viscosity of the MR fluid
without applied currents.

Fig. 5 shows the viscosity curves of different
experimental samples at different shear rates.
The trend of the curves is similar to that in
Fig. 3.

Comparing Fig. 2 with Fig. 4, it can be found
that the viscosity of the experimental sample
increases with the increase of iron, but the
influence of glass particles on the viscosity of
MR fluid becomes smaller. The reason is due
to the increase of iron, the rheological increas-
es greatly, which reduces the influence of the
glass particles on the viscosity.

4. Conclusion

In this paper, two kinds of MR fluids with
different iron content were prepared. The in-
fluence of non-magnetic glass particles on the
viscosity of MR fluid was studied by changing
the glass particles mass content. The proper
amount of glass particles can enhance the in-
termolecular force and promote the viscosity.
When the content of glass particles is 10%, the
influence on the viscosity is the largest, the in-
fluence reaches 7 times. Compared with MRF-
60, glass particles in MRF-65 promote a small-
er range in viscosity. Therefore, in cases when
the content of iron powder is not very high, the
rheological properties of MR fluids can be im-
proved by adding nonmagnetizable particles.
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