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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN103531323A

Preparation method of surfactant-free magnetic liquid
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TREEIEFHIERIAEIE %

[0001]

Technical Field

ARG

[0002]

This invention belongs to the field of materials technology, specifically relating to a method

for preparing surfactant-free magnetic liquids.

KAEABTMERARTE, RS REREEEFEERENGIET %
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[0003]

Background Technology

BEREA

[0004]

Magnetic liquids are colloidal suspensions composed of magnetic nanoparticles (mostly iron
oxide nanoparticles) dispersed as the magnetic phase in a non-magnetic carrier liquid. They
are liquid functional materials whose physical properties—such as optical properties and
viscosity characteristics—can be controlled by an external magnetic field, but they do not

have the remanent magnetization effect found in solid magnetic materials.
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M RIR R DARTRL (ZSRASUWERPRTFNLD (FNEMEARD BT IR ER P MRRIRES
AR, REYEMR——WFMER. MERNS, FIREMNEDRERRS Theetel, TEREE

ML BB BRI

To avoid sedimentation and separation of particles in the carrier liquid due to gravity, the

particle size of magnetic nanoparticles in magnetic liquids is limited to about 10 nm.

NBREBRPHUETENERMSE BEDS, EERIERIEMERARHRIBIRAIZ RS

10nmZEH,

To prevent magnetic nanoparticles from agglomerating due to van der Waals forces and
magnetostatic interactions, magnetic nanoparticles are usually encapsulated with

surfactants. The steric forces generated by the long-chain molecules of the surfactants

overcome the tendency of the particles to agglomerate.

PNBREEPR IR FERERERNMSHAE R~ ENHURAR, Bt aEFTERRE

EEF, B REGEMFIKES FENT R AR ERE S,
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This type of magnetic liquid is called a surfactant-based magnetic liquid. The response rate of
the field effect of this magnetic fluid will be affected by the surfactant, whose particles have a
hydrodynamic particle size larger than their inherent physical particle size. Furthermore, the
dispersed particles can be placed in an acidic base liquid to adsorb hydrogen ions on their
surface, forming charged particles. The electrostatic repulsion generated by the like charge
overcomes the aggregation between particles. This type of magnetic liquid is called an ionic
or double-layer magnetic liquid. In ionic magnetic fluids, the hydrodynamic particle size is the
same as the physical particle size. Therefore, for ionic and surfactant-type magnetic liquids
composed of magnetic nanoparticles with the same chemical composition and physical
particle size, the former has a faster field-induced response than the latter. To prevent iron
oxide particles from being dissolved by acid, iron oxide particles in ionic magnetic liquids are
usually treated with ferric nitrate to form a protective layer on the surface that resists acid

corrosion, with nitric acid aqueous solution used as the dispersion medium.

XA RIATR 2 NREVENE TR RE, XTI R RBVZER N R0 N 3R S 2R E & 15T
R, HEKRR AOFREATHEBYEERR. LI, o8 FERME B R P e E R
KRERM R BF AR BN, KERMERENFEHFERRRMALBINER, XMkt
R AN ZABFREINEBRREEMERE. AR FRHEERAETD, RENDFHURZRSYIENRZR 286

B R T FE YN AR R RVEIE R BRI B F B S REE T BRI RIE, B
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BN EERTEE, NBERAURKHANERPIER, BEEFE BISRIAPIE LKL

FEXRAHRHKAIE LI RRENRRBIVRIPE, BRRICGERIE ADEN RER,

[0005]

Summary of the Invention

RBPAAR

[0006]

The technical problem solved by this invention is to provide a method for preparing a

magnetic liquid without the use of surfactants.
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[0007]

The technical solution of this invention is a method for preparing surfactant-free magnetic

liquids, comprising the following steps:

KTERPHRA T EELREE MM RANHIEHZE, SFENTIE:

[0008]

a. Preparation of iron oxide nanoparticle dispersion: A basic iron hydroxide-based precursor
was prepared by chemical precipitation in an alkaline medium. The precursor was washed

until the pH of the solution was 7-8 to obtain the precursor. The precursor was then treated in
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a ferrous chloride solution, and after washing, dehydration, and drying, iron oxide

nanoparticles were obtained.

a. |UERPRFIL D EAERSIE . AR RPEI S AR SRS WHRE nRiE, Bk
ERBRpHENT~8, FEFIRE; ERAECLTFARPARRFHITAIE, & k. Bk, FEREAR

SEIERGRIARL;

[0009]

b. Preparation of the dispersion medium carrier: A mixture of glycerol and water is used as
the dispersion medium carrier, and nitric acid is added to adjust the concentration of the

acidic dispersion medium;

b. ZENMTBREENGIE: HR—IKRUESRIEADENRER, MARRLOBZERME 980T BRAYR

E;
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[0010]

c. Synthesis of Magnetic Fluid: Iron oxide nanoparticles, serving as the dispersed phase, were
mixed with a dispersion medium, serving as the carrier liquid, under stirring. After natural
aging for 10 days, a chemically stable magnetic fluid was obtained. The ratio of the dispersed

phase to the dispersion medium was expressed as the volume fraction of the dispersed phase.

c. HAMERIARNEH: EHHFREST, BIEADBRENEUSAKMISENERNS BNBURS,
BAZLIOKREEIUFERTERHRIERIE; D8RS5 2B RAELFIR SEBAETIR S SR
<img file="BDA0000407577190000011.TIF" he="136" img-content="drawing" img-format="tif"

inline="yes" orientation="portrait" wi="700"/>

[0011]

Wherein, ®vis 0.0001 to 0.025.
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[0012]

Preferably, ®v is 0.02.

iRy, dvA90.02,

[0013]

The volume ratio of glycerol to water is 10-95:90-5.

Heh, FmRRYHMH © KBYEFREL/910~95 © 90~5,
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[0014]

The most preferred embodiment is that the volume ratio of glycerol to water is 60:40.

&L, FMARYHH @ JKBUAFREL /960 & 40,

[0015]

In step a, the treatment of the precursor in the ferrous chloride solution is as follows: using a
0.5 mol concentration ferrous chloride solution as the treatment liquid, the volume ratio of
the precursor to the treatment liquid is 1:5, heating the treatment liquid to boiling, then

pouring the precursor into the treatment liquid with stirring, keeping it boiling for 30 minutes
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and then stopping heating, and cooling until iron oxide nanoparticles gradually precipitate

out.

Hep, ZRaFFmARNERNIEEA R AR AT BOSERIRERLI saRiERL
R, siASAIERIATALLL 5, MARMIEREHRE, AREHRHET BaREEALER

B, REPHE30D BN, REAES MR AT H,

[0016]

In step a, the cleaning and dehydration refer to: cleaning the iron oxide nanoparticles with

distilled water and then dehydrating them with acetone.

Hep, SRaFmRryEsE. BikEie: BRBKEXREITRPARTAL, ASARE Bk

[0017]
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Wherein, the concentration of nitric acid in the dispersion medium is <img file="
BDA0000407577190000021.TIF" he="150" img-content="drawing" img-format="tif" inline="
yes" orientation="portrait" wi="474"/> mol/L, where Z<sub> b </sub> is the valence of the
anion in the carrier dispersion medium, p<sub> s </sub> is the density of the nanoparticle
dispersion phase in g/cm<sup> 3 </sup>, M<sub> ws </sub> is the molecular weight of the

nanoparticle dispersion phase, and ®v is the volume fraction of the dispersion phase.

Heh, 8N RPIRYESRE R <img file="BDA0000407577190000021.TIF" he="150" img-
content="drawing" img-format="tif" inline="yes" orientation="portrait" wi="474"/> EE/R/F,
IFZ <sub> b </sub> BB DT BIPHERIRE FHHUEN, p <sub>s</sub> AGKRFHKISIE
R E g/cm <sup> 3 </sup>, M <sub>ws </sub> HKFHAIDEHEND FE; OvOEHEETR

g8

[0018]
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This invention proposes a method for preparing an ionic magnetic liquid composed of iron

oxide magnetic nanoparticles without the use of surfactants.

KRPRIRH T FRARENENT, BEUKEEIEP SRR E FREIERIASIET %o

In the method for preparing ionic magnetic liquid proposed in this invention, the iron oxide
magnetic nanoparticles do not need to be treated with ferric nitrate to form an acid-resistant
layer. Instead, the microparticles form an acid-resistant surface layer during the preparation

process.

EAABRRENE FREEMREFIE AR, SUKEIEH KRR AFTLEER TR IR

=, BMAZHEMAEGEIZP AR REE.

The magnetic liquid prepared by this method contains magnetic nanoparticles without long-
chain surfactant coatings, which results in less material consumption, simplified synthesis
process, and faster field-induced response compared to conventional surfactant-based

magnetic liquids.
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FZT3 AR E AV (5 R1E, HEREERKHMADZE KENREEUHER, UBSEENREE
P57 B (E R (A AREE B S @ B AR EDE I R RIAELE N EFM AR EERLD, B TEaMT

Z2HR, ARERRNGEENEE,

[0019]

Attached Figure Description

P52 BE

[0020]

Figure 1 shows a transmission electron microscope image of the magnetic nanoparticles.
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E 1AM R B ES B F B RRE

[0021]

Figure 2 shows the specific magnetization curves of the magnetic nanoparticles.

B2 MM AR IR BY LR R 2%

The horizontal axis in the figure represents the magnetic field strength, and the vertical axis

represents the specific magnetization.

PRRSATNHIERE, BARALEH R,

[0022]
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Figure 3 shows the specific magnetization curve of the magnetic liquid in Example 1.

B3 5Lt {5 1 R 1 IR Y b L (L R &% o

[0023]

Figure 4 shows the specific magnetization curve of the magnetic fluid in Example 2.

El4 525 2 R I IR RY LU G (L R 2% o

[0024]

Figure 5 shows the specific magnetization curve of the magnetic liquid in Example 3.

26-08-2026 - Page 17



E]5SE R 53 AR 14 R R B EL B L R £

[0025]

Detailed Implementation

Bzl

[0026]

The method for preparing the surfactant-free magnetic liquid of the present invention

includes the following steps:
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RNRATREE T RENGIE G A2EN TP R:

[0027]

a. Preparation of iron oxide nanoparticle dispersion: A basic iron hydroxide-based precursor
was prepared by chemical precipitation in an alkaline medium. The precursor was washed
until the pH of the solution was 7-8 to obtain the precursor. The precursor was then treated in
a ferrous chloride solution, and after washing, dehydration, and drying, iron oxide

nanoparticles were obtained.

av |UERPRFIL D EAERSIE . AR RPEI U ER SRS WHRE BRE, Bk
ERBRpHENT~8, FEFIRE; ERAECLTARPNRRFHITAIE, & k. Bk, FEEAR

FRIUCERGIARIIRL;

[0028]
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b. Preparation of the dispersion medium carrier: A mixture of glycerol and water is used as

the dispersion medium carrier, and nitric acid is added to adjust the concentration of the

acidic dispersion medium;

b. SENRBERGEIE: HHEIKEESRIFADENTRER, MAEERLUEERYE D80T RRR

E;

[0029]

c. Synthesis of Magnetic Fluid: Iron oxide nanoparticles, serving as the dispersed phase, are
mixed with a dispersion medium, serving as the carrier liquid, under stirring. After natural
aging for 10 days, a chemically stable magnetic fluid is obtained. The ratio of the dispersed

phase to the dispersion medium is expressed as the volume fraction of the dispersed phase.
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c. HMRENER: ERHRET, BN EENENRARBISERNHRN D BNES,
BREZNXIORGEIUFERRERNEITRIE; DRSS DETRRILLAIR 2 EEER SRR
<img file="BDA0000407577190000031.TIF" he="128" img-content="drawing" img-format="tif"

inline="yes" orientation="portrait" wi="700"/>

[0030]

Wherein, ®vis 0.0001 to 0.025.

Hrer, dv790.0001~0.025,

[0031]

Preferably, ®v is 0.02.
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ik, ®vA0.02,

[0032]

The volume ratio of glycerol to water is 10-95:90-5.

Hep, FmRRYHM © KBYEFRLEE/910~95 © 90~5,

[0033]

The most preferred embodiment is that the volume ratio of glycerol to water is 60:40.

LR, FMARYHH @ /KEUAFREL /960 © 40,
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[0034]

In step a, the treatment of the precursor in the ferrous chloride solution is as follows: using a
0.5 mol concentration ferrous chloride solution as the treatment liquid, the volume ratio of
the precursor to the treatment liquid is 1:5, heating the treatment liquid to boiling, then
pouring the precursor into the treatment liquid with stirring, keeping it boiling for 30 minutes
and then stopping heating, and cooling until iron oxide nanoparticles gradually precipitate

out.

Hep, SRaFFMAMNESNCIEEARFPAFIRAEFITRIER: BO0SERIRERLI $aRIENL
BR, ARESHERRAIRLENL 5, MAMERERE, AREHRHFT BaRERIALIER

B, REDEE30D MBI, REEE W ERAPRHILZE AT,

[0035]
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In step a, the cleaning and dehydration refer to: cleaning the iron oxide nanoparticles with

distilled water and then dehydrating them with acetone.

Hep, PRapAIRRER. BKEiE: BERBAERSIERPRMAL, ARRRE Biko

[0036]

Wherein, the concentration of nitric acid in the dispersion medium is <img file="
BDA0000407577190000032.TIF" he="150" img-content="drawing" img-format="tif" inline="
yes" orientation="portrait" wi="474"/> mol/L, where Z<sub> b </sub> is the valence of the
anion in the carrier dispersion medium, p<sub> s </sub> is the density of the nanoparticle
dispersion phase in g/cm<sup> 3 </sup>, M<sub> ws </sub> is the molecular weight of the

nanoparticle dispersion phase, and ®v is the volume fraction of the dispersion phase.
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Hrp, 98T RPEIEERKRE S <img file="BDA0000407577190000032.TIF" he="150" img-
content="drawing" img-format="tif" inline="yes" orientation="portrait" wi="474"/> EE/R/#,
ILFZ <sub> b </sub> ZH R DT BIPRERIRE FHHKEN, p <sub>s</sub> AZKFKIIE
Y E g/cm <sup> 3 </sup>, M <sub>ws </sub> AFKHRIDEAEN S F2; OvoOEHREKTR

Do

[0037]

In this invention, if ®v <0.0001, the field-induced properties of the magnetic liquid are very
weak, and it loses the characteristics of a magnetic functional material; if dv >0.025, the

particles in the magnetic liquid may precipitate.

&R, HOv<0.0001, MEMERIEARNDEIERIFESS, KEWINEMEIRNE; & ©v>0.025,

U B R AR R B AR BT BE L BT

Research has shown that magnetic fluids with a ®v of 0.02 exhibit better performance.
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SRR A, EPVH0.02BEMERIARIE BERYT o

[0038]

In this invention, the inventors discovered through multiple experiments that when the

volume ratio of glycerol to water is 10-95:90-5, the resulting magnetic liquid exhibits better

performance.

KRR, RAANEIZRIATLIEM @ KBEFREE7910~95 © 90~58Y, FriFZ! BUBAIERIARY

MERERYT

In particular, the optimal ratio of glycerol to water is 60:40.

LEH, 7THMH : KBEREL60 | 4089, KEIRE,
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[0039]

Example 1: Preparation of magnetic liquid using the method of the present invention

KR 1R A A R B AR & AR IR

[0040]

Preparation of iron oxide nanoparticles in the first step

BT AWK RARMRIBIE

[0041]
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(1) Precursor preparation

(1) maRi& sl &

[0042]

Ferric chloride and nickel nitrate were used as raw materials, and their aqueous solutions

were mixed in a molar ratio of 2:1 for iron to nickel.

U=SCSAMEER RN RN, R SRAERLEA2 | 1KLL BB E KA RETT B S,

Pour 10 times the volume of a 0.7 mol sodium hydroxide solution into a ferric chloride-nickel
nitrate mixture, then heat to boiling. After boiling for 5 minutes, stop heating and allow to

cool naturally to room temperature.
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R 10f3ATRR0. TE/RREN S| UMEREN=ZSULK-HERFES R, AR AZHE, #HES

DHEEELEMR, BARNERR.

During the cooling process, the precursor gradually precipitates out.

RENIIZ PRI o

[0043]

A 0.01 mol concentration aqueous solution of nitric acid was used as the cleaning solution.

F30.01B/RIRERVRRER KA RIFANB R

Mix the precipitate and the washing solution at a volume ratio of 1:5, stir thoroughly, and

then separate by centrifugation. Repeat this step 3 times.
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RS FERIEIRLENL : SHITE &, RORHEEZBEOINNE, EEILTEIR.

[0044]

(2) Preparation of magnetic nanoparticles

(2) B AR Rl 2

[0045]

A 0.5 mol concentration ferrous chloride solution was used as the treatment solution.

0.5 RIRERCIFARIEN IR,
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Select an appropriate amount of treatment solution with a volume ratio of precursor to
treatment solution of 1:5, heat the treatment solution to boiling, then pour the precursor into

the treatment solution while stirring, keep boiling for 30 minutes and then stop heating.

RIERIIRA S A IBRAVAFALL 9 1:518BE BRIMIER, MPIEREHEE, AREHE TRAIIKE

BINGERS, REHE3078 (FLEMH

As the air cools to room temperature, nanoparticles gradually precipitate out.

BAARKNEER, /2 ANIIZPLKRMRLZ T,

[0046]

The precipitate was washed twice with distilled water and then dehydrated three times with

acetone.
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RZIBKERTURYI R, AIGBREERRK="R,

The dehydrated precipitate was placed in a silica gel desiccator, and after 24 hours, dry and

anhydrous magnetic nanoparticle powder was obtained.

B ERTURMIBNE R TR, — T\ E1S R F IR TR AR DRI A

[0047]

The transmission electron microscope image of the prepared magnetic nanoparticles is

shown in Figure 1, and the specific magnetization curve is shown in Figure 2.

PRl & BB SRR BB ST BB F E R RINEILFAR, LERACBIZ AN EI 2P,
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[0048]

Step 2: Preparation of the dispersion medium

BT RENRBEIE

[0049]

The dispersion medium carrier liquid was prepared with a glycerol to water ratio of 10:90.

= H S KEEEFI10 @ 90ERE 7 BT B ERo

Prepare a magnetic liquid with d<sub> v </sub>=0.02 and a nitric acid concentration of 4.46

X 10<sup> -2 </sup> mol/L.
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ACHId <sub> v </sub> =0.02B9HA MR E, FRERIRE /94.46 X 10 <sup> -2 </sup> E/R/F-

[0050]

Step 3: Synthesis of Magnetic Liquid

B=THME RIS

[0051]

The magnetic nanoparticle powder and carrier liquid were selected according to a volume

ratio of 2:98.

R R TRIAMA S BURBVATREE /92 - 98BI LL BIEERAN KRR A 2R
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A magnetic liquid with a particle volume fraction ®<sub> v </sub> of 0.02 was synthesized by

dispersing nanoparticle powder in a carrier liquid.

RR R R D BT ER P & BRLATR 238 <sub> v </sub> 790.028HA MR

[0052]

After standing for 10 days, a magnetic liquid was obtained.

B E10KREFEIHIE R,

[0053]
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The specific magnetization curve of the synthesized magnetic liquid is shown in Figure 3.
Compared with the magnetization curve of the magnetic nanoparticle powder shown in
Figure 2, it can be seen that the two have similar shapes. This indicates that the prepared

magnetic liquid retains the magnetization properties of the magnetic nanoparticles.

PRE R R AR LU A I BR R UNEI 3P, S EI2FRRAVBEIE SRR RHARYEA LRI AR Eb, PTILRE

BAEBMBAR, BUCRTRIFrSI &RV RIS RET T B PR BRI I B

Example 2: Preparation of magnetic liquid using the method of the present invention

SEHEGI 2R A R BT AR & A RN

[0054]

Preparation of iron oxide nanoparticles in the first step

26-08-2026 - Page 36



BT AWFRRARIAIEEF

[0055]

As in Example 1.

gAY 1o

[0056]

Step 2: Preparation of the dispersion medium

BB RBEIE
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[0057]

The dispersion medium carrier liquid was prepared by mixing glycerol and water in a ratio of

60:40.

HH M5 KELELFI)60 @ 40E2HI 2 BN BB,

Prepare a magnetic liquid with d<sub> v </sub>=0.02 and a nitric acid concentration of 4.46

X 10-<sup> 2 </sup> mol/L.

Al d <sub>v </sub>=0.028984 14 &K, THERRE /94.46 X 10- <sup> 2 </sup> BE/R/Ft,

[0058]
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Step 3: Synthesis of Magnetic Liquid

B=THMERIE SR

[0059]

The nanoparticles and carrier liquid were selected according to a volume ratio of 2:98.

UK AR S ERAVATRLE 2 © 98BI EL HIEER K MATI R

A magnetic liquid with a particle volume fraction ®<sub> v </sub> of 0.02 was synthesized by

dispersing nanoparticle powder in a carrier liquid.

ReRIRL A D BT BOR P S BARLIATR D 2D <sub> v </sub> /90.0289 B4 IE & (Ao
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[0060]

After standing for 10 days, a magnetic liquid was obtained.

B EI0RERFEIHIE R,

[0061]

The specific magnetization curve of the synthesized magnetic liquid is shown in Figure 4.

P& A1 R R B9 EL B (0 BR 2 S0 B4 FRr 7o

26-08-2026 - Page 40



[0062]

Example 3: Preparation of magnetic liquid using the method of the present invention

SEHEI3R A A R BT AR E A R IR

[0063]

Preparation of iron oxide nanoparticles in the first step

BT AWFRARARIAIE

[0064]
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As in Example 1.

SNSRI 1,

[0065]

Step 2: Preparation of the dispersion medium

B_L BN RAEIE

[0066]
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The dispersion medium carrier liquid was prepared by mixing glycerol and water in a ratio of

94:6.

RH S KEILLEIR94 | 6ECHID BN RBIK.

Prepare a magnetic liquid with d<sub> v </sub>=0.02 and a nitric acid concentration of 4.46

X 10<sup> -2 </sup> mol/L.

Agdld <sub>v </sub>=0.02BVE MR (EK, TEERKRE 4.46X 10 <sup> -2 </sup> BE/R/F+.

[0067]

Step 3: Synthesis of Magnetic Liquid

BTN RIS
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[0068]

The nanoparticles and carrier liquid were selected according to a volume ratio of 2:98.

UK AR A S ERAVARTRLE 2 © 98BI EL BRI ATI R

A magnetic liquid with a particle volume fraction ®<sub> v </sub> of 0.02 was synthesized by

dispersing nanoparticle powder in a carrier liquid.

ReAR T R A D BT ER P & BARLIATR 358D <sub> v </sub> 790.0289HA MR A

[0069]
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After standing for 10 days, a magnetic liquid was obtained.

FE1ORERFEIHIERIA,

[0070]

The specific magnetization curve of the synthesized magnetic liquid is shown in Figure 5.

P& PCHEIE AR AR B EL B AL BB 2 SN EI SR
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