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DESCRIPTION CN103288140A

A simple method for controlling the morphology of iron oxide nanoparticles
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[0001]

Technical Field

ARG

[0002]

This invention relates to a method for preparing iron(l11) oxide, specifically a method for
simply controlling the morphology of iron(l1l) oxide nanoparticles using a co-precipitation

method.
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FERPARF—MHIENAEM=3%KNTGE, BRI R—MRBHITE AR BiEENE L =TRPK

RIFHZEREN T 7o

[0003]

Background Technology

BFRERA

[0004]

As is well known, Fe304 (Fe304) nanoparticles have broad application prospects in magnetic

recording materials, biomedicine, catalysis, adsorption separation and other fields due to
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their advantages such as high saturation magnetization, low toxicity and side effects, good

chemical stability and low cost, and have become a research focus of magnetic nanomaterials.

ARETAH, MEW=% (Fe<sub>3</sub>O0 <sub>4</sub>) #KNFHTFEESNEMEKE
E. S8 fFAR. KFEREME. NEFNR, EHICIRME. EYMESR. E. KM 2BEFIR

B ZNNATR, RARERRMENARER.

The morphology of nanoparticles greatly influences their performance and application fields.
Different morphologies of iron oxide nanoparticles exhibit different properties. Therefore, the
study of the structure and morphology control of iron oxide nanoparticles has become one of

the hot topics.

ARRLFRIT SRAERARRE ERMER RSN AT, NEFRNESE= MR FR TEF

EIRYIERE, FEUIEL=KAKNFREE SR HRITHIRA TR ARRIR B2 —

[0005]
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There are many methods for preparing iron oxide nanoparticles, commonly used methods
include coprecipitation, hydrothermal method, solvent thermal method, and ultrasonic
method. Nanomaterials in the shapes of nanoparticles, nanocubes, nanorods, and nanowires

have been successfully prepared.

HIENAU=SFMRRFRTZERSM, ERNEHEE. KA BRRE BEEEFS

%, BRIIEIEE TR, PRILTIE. HRE. P REFIRBIPARME

Gao et al. prepared Fe<sub> 3 </sub>0<sub> 4 </sub> nanocubes using a solvothermal
method (Crystal Growth & Design, 10:2888-2894); Zhou et al. synthesized a series of Fe<sub> 3
</sub>0<sub> 4 </sub> nanorods, nanooctahedrons, and nanocubes using a hydrothermal
method (Journal of Solid State Chemistry, 196:138-144); Zhao Guizhe et al. disclosed a
method for controlling the morphology of Fe304, using a hydrothermal method to achieve
the regulation of the spherical, microporous, and hollow structures of Fe304 [Chinese

Invention Patent, Application No.: 201210158461.2].

GaoHE ARFBFIRGEHIZ T Fe <sub> 3 </sub> 0 <sub> 4 </sub> @KL HE (R1E £K 5181,

Crystal Growth&Design10:2888-2894) ; ZhouFEAFRBKHAE & T —HFIFe <sub> 3 </sub>
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O <sub>4 </sub> #KE. YR/\EFEMPKIFE (BEKE,
Journal of Solid State Chemistry196:138-144) ; REABEFEALFT —MITHINEU= RS
RN, RAKPELRIN T W=k, MFLAP=EM8 IE[FPEABEF, Hi5S:

201210158461.2]

These preparation methods involve complex processes, expensive raw materials, and high

production costs.

EHELENFIEIZR AER, RENMBHSE, EF-HRES.

[0006]

Currently, there are no reports on the preparation of iron oxide nanocubes and nanorods

using the co-precipitation method.

Bal, RIAERBHTUEEFESENEN = FRPKIL S EMPKFNEX RE.
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[0007]

Summary of the Invention

REAAR

[0008]

To address the shortcomings of existing technologies, this invention provides a low-cost
method for simply controlling the morphology of iron oxide nanoparticles using a co-

precipitation method.
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KEPANERMEBRANRRZL, RE—FRARBBILTUE AR BT WAL= TRPAKL T

HAYTT %o

[0009]

This invention is achieved through the following technical solution, characterized by

including the following steps:

RERAREI LU TRAG LN, ERFEETEEUTTR:

[0010]

(1) Dissolve ferrous salts and ferric salts in deionized water to prepare a solution with a

concentration of 0.15-1.0 mol/L. Add solid NaOH to the solution to adjust the pH value to 10-
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12. Stir at room temperature for 10-60 minutes to obtain a black precipitate of iron oxide.
Filter the precipitate and wash it with deionized water and anhydrous ethanol alternately 3-5

times. After drying, obtain spherical iron oxide nanoparticles.

(1) BoMBEEMN=MEREBETEBFKF, EHARER 0.15-1.0mol/LEVER, EiZAaRH
MAEIANaOH, FpHERETIE10-12, = B FH#H10-600%, HIFNAK=sxRETE, JiIE,

REBFKNTKZ BEREF R3-SR, TRESIHREEM=SXKIT;

[0011]

(2) Dissolve ferrous salts and ferric salts in deionized water to prepare a solution with a
concentration of 0.15-1.0 mol/L. Then add sodium dodecyl sulfate to the solution, wherein the
weight ratio of sodium dodecyl sulfate to water in the solution is 0.2-0.5:100 to obtain a mixed
solution. Add solid NaOH to the mixed solution to adjust the pH value to 10-12 to obtain a
reaction solution. Place the reaction solution under a visible light source with a wavelength of

400-750 nm for 10-60 minutes while stirring to obtain a black precipitate of iron oxide. Filter
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the precipitate and wash it alternately with deionized water and anhydrous ethanol 3-5 times.

After drying, cubic iron oxide nanoparticles are obtained.

2) RN ARBM=NHEBETEB KD, EHIRRERN 0.15-1.0mol/LEAR, BmEZART
N+ BB, HP, +REMER wSARFHIKZEINEELE/0.2-0.5: 100, FEIE
BAR; TREEAR FIMAEANaOH, RKpHERETEL-12, REIRMNE;, HRRMEBRETER
K 79400-750nmBYR] ILSEIEIR FHRES10-600 50, REHEH, HISHEAIL=1%E €T, T8, B

EBFRMIEKZEREEHRI-5R, TIREFENLH R AL =PRI T

[0012]

(3) Dissolve ferrous salts and ferric salts in deionized water to prepare a solution with a
concentration of 0.15-1.0 mol/L. Then add sodium dodecyl sulfate to the solution, wherein the
weight ratio of sodium dodecyl sulfate to water in the solution is 0.8-1.2:100 to obtain a mixed
solution. Add solid NaOH to the mixed solution to adjust the pH value to 10-12 to obtain a
reaction solution. Place the reaction solution under a visible light source with a wavelength of

400-750 nm for 10-60 minutes while stirring to obtain a black precipitate of iron tetroxide.
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Filter the precipitate and wash it alternately with deionized water and anhydrous ethanol 3-5

times. After drying, rod-shaped iron tetroxide nanoparticles are obtained.

(3) BN ARBM=MNHEBETEBFKP, EHIBRERN 0.15-1.0mol/LEAR, BmEZART
N+ BB, HP, +REMER wSARFRIKZEINEELE/0.8-1.2: 100, FEIE
BAR; TREEAR FIMAEANaOH, RKpHERETEL-12, REIRMNE;, HRRMEBRETER
K 79400-750nmBYR] ILSEIEIR FHRES10-600 50, REHEH, HISHEAIL=1%E €T, T8, B

EBFKMTKZEREFT R3-SR, FREFIERESE L=35k90KH T

[0013]

The iron salts mentioned above include one of sulfates, nitrates, and chlorides.

90 EFrRBYskEh ELIEMEREE . PRERER AN SUILERF R —7,
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[0014]

The molar ratio of Fe<sup> 2+ </sup>to Fe<sup> 3+ </sup> in the divalent and trivalent ferric

saltsis 1:1.7 to 2.0.

FrRBI N2 A = ek Eh A Fe <sup> 2+ </sup> 5Fe <sup> 3+ </sup> BIE/RLL H1: 1.7~2.0,

[0015]

Compared with the prior art, the present invention has the following advantages:

S5MERARELL, sLRBEABUTMIR:

[0016]
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(1) Using iron salts as raw materials, spherical, cubic and rod-shaped iron oxide nanoparticles

can be prepared simply, quickly and effectively by co-precipitation method.

(1) UsEAERR, RAFLUEEAES, RE. ARMHEEIBOR. I AR, BRBEEK=

BRAAARRLF

[0017]

(2) Fe <sub> 3 </sub> O <sub> 4 </sub> nanospheres were prepared without the addition of

sodium dodecyl sulfate and without visible light irradiation.

(2) ERRM+ I ERER W, FHITRIIRIIFHT, HIER[FET Fe<sub>3</sub>0

<sub> 4 </sub> FHKIK,
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Fe<sub> 3 </sub>0<sub> 4 </sub> nanocubes and nanorods can be easily prepared by
adjusting the amount of sodium dodecyl sulfate added and the irradiation time with visible

light.

BT+ I ERER RN E AT W RIREIRSIE], RIS {E #ufliSFe <sub> 3 </sub> O <sub>

4 </sub> KL 75 IAFNGAKE,

[0018]

(3) The prepared iron oxide nanoparticles have good dispersibility, uniform particle size,
small particle size, high purity, and high saturation magnetization. The morphology can be

controlled to be spherical, cubic, or rod-shaped.

(3) FIERFRFMEEU=ZSFIARRF ORI, RFA/IMIS. KR\ dES. RMEKEE

=, WRRASSIBCR, I RAERBVIEE,
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[0019]

(4) The preparation method is relatively simple, the production cost is low, the morphology is

easy to control, and it is easy to achieve large-scale industrial production.

(4) ®IBFERNER. EFRARE. RZ1EE, 5TRIMMRLH T E,

[0020]

Attached Figure Description

P I35t R
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[0021]

Figure 1is a transmission electron microscope (TEM) image of the iron oxide nanospheres

prepared in Example 1.

E|1 B SR rsE A 1H E RN =SKGRIKRBS R (TEM) BRA

[0022]

Figure 2 is a transmission electron microscope (TEM) image of the iron oxide nanospheres

prepared in Example 2.

=2 B LS F2H E A = FRGKIRBESTEER (TEM) JRA
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[0023]

Figure 3 is a transmission electron microscope (TEM) image of the iron oxide nanospheres

prepared in Example 3.

E3Z SLHSEBI3H ERINR K =K GKIKRBS R (TEM) BRA

[0024]

Figure 4 is a transmission electron microscope (TEM) image of the iron oxide nanorods

prepared in Example 4.

IR

42 LS FlARIENN AL =k KFERNSEHEBIR (TEM) BH
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[0025]

Figure 5 is a transmission electron microscope (TEM) image of the iron oxide nanorods

prepared in Example 5.

=5 RS FISH FRNA L =R IERE R (TEM) BR

[0026]

Figure 6 shows the X-ray diffraction (XRD) pattern of the iron oxide nanorods prepared in

Example 6.

IR
@)

T SEE SR 51 6%I & BN AL = BRANKFRIX-FH 075 (XRD) &%
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[0027]

Figure 7 is a transmission electron microscope (TEM) image of the iron oxide nanocubes

prepared in Example 7.

E|7 B S SE AT H ERNEE U =PRI ARESER (TEM) BR

[0028]

Figure 8 is a transmission electron microscope (TEM) image of the iron oxide nanocubes

prepared in Example 8.

E|3E L SEHISHIEHNNE M = IR ILH (ARNEST SR (TEM) BR
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[0029]

Figure 9 is a hysteresis loop diagram of the iron oxide nanocubes prepared in Example 8.

=92 SE It S 1518 2 R PO S 16 = SR 40K 3L 75 1A RV B T (B4 E]

[0030]

Figure 10 is a transmission electron microscope (TEM) image of the iron oxide nanocubes

prepared in Example 9.

E 102 LML FIoRIE MM E M =AM KL F AREREBE (TEM) BA,

26-08-2026 - Page 20



[0031]

Detailed Implementation

BiALkR

[0032]

Example 1

SKhEIL
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[0033]

Weigh 1.4g of FeSO « THO and 2.0g of Fe(SO)0O and dissolve them in 100mL of deionized
water. Stir thoroughly to completely dissolve the ferric sulfate and ferrous sulfate to obtain a
solution with a concentration of 0.15mol/L. Add solid NaOH to the solution and dissolve it
completely. Adjust the pH to 10 and stir at room temperature for 30 minutes to obtain a black
precipitate of iron(lll) oxide. After filtration, wash the precipitate three times with deionized
water and anhydrous ethanol, respectively. Dry at room temperature for 24 hours to obtain

iron(lll) oxide nanoparticles.

FREX1.4g FeSO <sub>4 </sub> + TH <sub> 2 </sub> O#02.0g Fe <sub> 2 </sub> (SO <sub>4 <

/sub>) <sub>3 </sub>ATF100mLEE FKF, FTHHHF EHRERIXFMRERIL KT A, FEK
E790.15mol/LRYER, HEIANaOHM NEIZE KT, TOBMBEEPHERTEL, =5 MiH
3008, REINE =3B, LREAEBEF KNI KZESDHIERTTEIIR, =& T

24/N8Y, FEIMEEW=ERPARKLF-

The transmission electron microscopy observation results are shown in Figure 1. It can be
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seen that the iron oxide nanoparticles are spherical with a particle size distribution between 5-

20 nm. The particles are uniform in size and there is no aggregation.

B EBEMRERME LR, AT EE, MRAE=ZHRMRFEKR, WEDHES-20nmZ(E,

RFANYS, THRIAR.

[0034]

Example 2

SEhEf5)2

[0035]
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Weigh 7.36g of FeClO and 17.0g of FeClO and 6HO, respectively, and dissolve them in 100mL
of deionized water. Stir thoroughly to completely dissolve the iron salts, obtaining a solution
with a concentration of 1.0mol/L. Add solid NaOH to this solution and dissolve it completely.
Adjust the pH to 12 and stir at room temperature for 60 minutes to obtain a black precipitate
of iron(Ill) oxide. After filtration, wash the precipitate five times with deionized water and five
times with anhydrous ethanol, respectively. Dry at room temperature for 24 hours to obtain

iron(lll) oxide nanoparticles.

FREX7.36g FeCl <sub>2 </sub> -« 4H <sub> 2 </sub> O#117.0g FeCl <sub> 3 </sub> <+ 6H <sub>
2 </sub> OATF100mMLEBEFKF, 7T HHHERAETEAME, FEIKRENLOMOl/LEYER, FE
ANaOHMIAE % ARF, mOBHEEEpHERTEL2, =R MHH0DH, FINAEK=1% E&
T, SIREREEFKNTKZEDAERTUEMSR, ERTIE24 /Net, SN =skK

AT

The transmission electron microscopy observation results are shown in Figure 2. It can be
seen that the iron oxide nanoparticles are spherical with a particle size distribution between

10-15 nm. The particles are uniform in size and there is no aggregation.

26-08-2026 - Page 24



BEHBRMRERINE 2R, FTUEER, OEAZHRMKNFERR, HRDHEL0-15nmZiE,

RFARIGE, TH BIR.

[0036]

Example 3

I3

[0037]

Weigh 4.3g of Fe(NO3-NER22-)-NER23- « 6H24-0 and 12.1g of Fe(NO3-NER25-)-NER26- + 9H27-
O and dissolve them in 100mL of deionized water. Stir thoroughly to completely dissolve the

iron salts, obtaining a solution with a concentration of 0.45mol/L. Add solid NaOH to this
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solution and dissolve it completely. Adjust the pH value to 11 and stir at room temperature for
10 minutes to obtain a black precipitate of iron(lll) oxide. After filtration, wash the precipitate
four times with deionized water and four times with anhydrous ethanol, and dry it at room

temperature for 24 hours to obtain iron(lll) oxide nanoparticles.

#REX4.3g Fe(NO <sub> 3 </sub>) <sub> 2 </sub> -« 6H <sub>2 </sub> 0#112.1g Fe(NO <sub> 3
</sub>) <sub> 3 </sub> + 9H <sub>2 </sub> O AF100mMLEBE FKP, FEHHHEHTHTEA
iR, BEIREN0.45mol/LAYAR, BEIANaOHMANE ZBRY, ZToAREFEpHERTELL

=R MEH109%, SRNESA= SKEBETEY, SRERAES FKMITKZER B ITITE4

R, BmTIE 24N, FEINAM=KAARKLFo

The transmission electron microscopy observation results are shown in Figure 3. It can be
seen that the iron oxide nanoparticles are spherical with a particle size distribution between 5-

15 nm. The particles are uniform in size and there is no aggregation.

B EERMRERMESFIR, ATUER, HEUZHRIKKFEI, ARSHES-15nmZE,

RF RIS, THIER IR
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[0038]

Example 4

SEhtEfl4

[0039]

Weigh 1.0 g of FeClO and 2.7 g of FeClO and 6 HO, respectively, and dissolve them in 100 mL of
deionized water to obtain a solution with a concentration of 0.15 mol/L. Add 0.2 g of sodium
dodecyl sulfate to this solution and stir thoroughly until the sodium dodecyl sulfate is
completely dissolved to obtain a mixed solution. Add solid NaOH to this mixed solution to
adjust the pH to 11 to obtain a reaction solution. Place the reaction solution under a visible
light source with a wavelength of 400 nm for 10 minutes and stir continuously with magnetic

force during irradiation to obtain a black precipitate of iron(lIl) oxide. After filtration, wash the
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precipitate three times with deionized water and anhydrous ethanol, respectively, and dry it

at room temperature for 24 hours to obtain iron(lll) oxide nanoparticles.

#REX1.0gFeCl <sub>2 </sub> + 4H <sub> 2 </sub> 0#12.7gFeCl <sub> 3 </sub> <+ 6H <sub>2 <
/sub> OAF100mLEE FKA, FEIK EH0.15mol/LAYAR, TIZARPIMANO.2g+ZIREMER
W, FOHE, £+ 2RERRNTSEE, [ERSARK; BEAENaOHMAZILRESE&RF,
EpHERETELL, REIRNRK, HRRNRBETKKAI400nmBAT IR TR10595, BB
STHRIBIRFEEME DI, BIISHEW=skB &Y, TiRfE BEBFKMTKIES R ERNEN3

R, BTN, FEINAEM= BRAKALIF

The transmission electron microscopy observation results are shown in Figure 4. It can be
seen that the iron oxide nanoparticles have a rod-shaped morphology, with a length of
100£30 nm and a width of 12+3 nm. The particles have good uniformity in size and are

monodisperse.

BHEERMRERNEAFR, ATUEDR, HEUZHRIKKF FZHEAER, NFHKEN

100+30nm, BEEAN12+3nm, KIFANMNISNEE, 2RI
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[0040]

Example 5

L5

[0041]

Weigh 5.76 g of Fe(NO3-NER32-)-NER33- « 6H-NER34-0 and 16.16 g of Fe(NO3-NER35-)-NER36-
* 9H-NER37-0 and dissolve them in 100 mL of deionized water to obtain a solution with a
concentration of 0.6 mol/L. Add 0.3 g of sodium dodecyl sulfate to this solution and stir
thoroughly until the sodium dodecyl sulfate is completely dissolved to obtain a mixed
solution. Add solid NaOH to this mixed solution to adjust the pH value to 10 to obtain a
reaction solution. Place the reaction solution under a visible light source with a wavelength of
600 nm for 30 minutes and stir continuously with magnetic force during irradiation to obtain a

black precipitate of iron(lll) oxide. After filtration, wash the precipitate four times with
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deionized water and anhydrous ethanol, respectively, and dry it at room temperature for 24

hours to obtain iron(lll) oxide nanoparticles.

#REX5.76g Fe(NO <sub> 3 </sub>) <sub> 2 </sub> - 6H <sub> 2 </sub> 0#116.16g Fe(NO <sub>
3 </sub>) <sub>3 </sub> - 9H <sub>2 </sub> O;AF100mLEB F7K &, FEKE0.6mol/LEY
AR, ZABRFIMANOIgTIREMERT, 7T oHiH, E+hENBRNTEa®E, SIESA
& BEHANaOHMAZILLE &78&F, EpHERTEL, REIRNR, HFRRNBRRETREKN
600nmAY AT LYY EIR FEREY3047 54, HRSTERESEM NI, FISHE=8%Ea Tt ¥, JikE

REBFKNTKZEDHETTERINAR, EmTIE24N, 15 EIESE=RPARKF-

The transmission electron microscopy (TEM) results are shown in Figure 5. It can be seen that
the iron oxide nanoparticles have a rod-like morphology, with a length of 10020 nm and a

width of 122 nm. The particles are uniform in size and have good dispersibility.

BAEBRMRERIMESFR, FIUEE, WRA= BRARRFRERAER, HFRKERN

100£20nm, BEEAN12+2nm, KIFR/NIFE, FEELF.

[0042]
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Example 6

SEhtEf6

[0043]

Weigh 9.2g of FeSO « THO and 13.2g of FeSO(SO) and dissolve them in 100mL of deionized
water to obtain a solution with a concentration of 1.0mol/L. Add 0.5g of sodium dodecyl
sulfate to this solution and stir thoroughly until the sodium dodecyl sulfate is completely
dissolved to obtain a mixed solution. Add solid NaOH to this mixed solution to adjust the pH
to 12 to obtain a reaction solution. Place the reaction solution under a visible light source with
a wavelength of 750nm for 60 minutes and stir continuously with magnetic force during
irradiation to obtain a black precipitate of iron(lIl) oxide. After filtration, wash the precipitate
five times with deionized water and anhydrous ethanol, respectively, and dry it at room

temperature for 24 hours to obtain rod-shaped iron(lll) oxide nanoparticles.
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FREX9.2g FeSO <sub>4 </sub> « TH <sub> 2 </sub> O#113.2g Fe <sub> 2 </sub> (SO <sub> 4 <
/sub>) <sub> 3 </sub>AF100mMLEEFKFR, FEK EHNL.Omol/LBNAR, EIZARFMNANO.S
g+ IR BTN, TAOMH, £ +ZRERBRWTEER, SEEAAR; KEENaOHMANEILL
BREARTR, EpHERATEL, BRIRNEK, HERNRREEDRKATS0nmAR] IR TR
59607 ¢h, EREVHRIBIRFERL DR, HISHESX=kEETUEY, SEE AEBF KNI KZESD

ABETUEYISR, ERTIE24NE, SRR S =TRMKALF-

The particles have a length of 100£15nm and a width of 102nm, exhibiting uniform particle

size and good dispersion.

R FRIKEN100E15nm, BEEA10E2nm, KIFRIMGE, DEUEL

The X-ray diffraction analysis results are shown in Figure 6. It can be seen that the product
exhibits obvious Fe <sub> 3 </sub> O <sub> 4 </sub> characteristic diffraction peaks with high
intensity and no other impurity peaks, indicating that the prepared rod-shaped iron tetroxide

nanoparticles have high crystallinity and purity.
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X-B T D eE RANE6FrR, BILIEER], FHRMEBAEMNFe <sub>3 </sub> 0 <sub>4 <
/sub> $HEFTETE, FT8TIERERE, BLHTEZE, HBEFHEEINBRNEN= SR FE

BRENEREMAE,

[0044]

Example 7

SEhERT

[0045]

Weigh 1.44g of Fe(NO3-NER45)3-NER46- + 6H20 and 4.0g of Fe(NO3-NER48)3-NER49- - 9H20

and dissolve them in 100mL of deionized water. Stir thoroughly to completely dissolve ferrous
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chloride and ferric chloride to obtain a solution with a concentration of 0.15mol/L. Add 0.8g of
sodium dodecyl sulfate to this solution and stir thoroughly to completely dissolve the sodium
dodecyl sulfate to obtain a mixed solution. Add solid NaOH to this mixed solution to adjust
the pH to 10 to obtain a reaction solution. Place the reaction solution under a visible light
source with a wavelength of 750nm for 10 minutes and stir magnetically continuously during
irradiation to obtain a black precipitate of iron(lIl) oxide. After filtration, wash the precipitate
three times with deionized water and anhydrous ethanol, respectively, and dry at room

temperature for 24 hours to obtain iron(lll) oxide nanoparticles.

FREX1.44g Fe(NO <sub> 3 </sub>) <sub>2 </sub> « 6H <sub> 2 </sub> 0#14.0g Fe(NO <sub> 3
</sub>) <sub> 3 </sub> + 9H <sub> 2 </sub> O7AF100mMLEEFKE, FTEAMFEIWILELF
ST, [EREN0.15mol/LAYAR, E1Z ARTPIMAN0.8g+ ZInEMERTH, TR,
B+ EMEBRMTeARE, §IRESEK; BEAENaOHMAZILLESA®RFR, EpHERTE

10, BEIRN &R, FERNRKBIERKATS0nmEYR] YR FIRET100 5, FRETHAIENT 4Rt
B, SINEM=S%EREIEY), DRERAEBFKNLKIEDR BERTUEMIR, ERTIR24

BT, FEINEM = TRARRLF

The results observed by transmission electron microscopy are shown in Figure 7. As can be

seen from Figure 7, the iron oxide nanoparticles exhibit a regular cubic shape with a side
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length of 5-15 nm. The particle size distribution range is narrow, the size is uniform, and they

are monodisperse.

BATEEERE SRWE AR, MEITAILEL, MaE=s%pxuF2R BN GE R, 1IL5

(REVIAKA5-15nm, KIRDHEEE, KIS, SR

[0046]

Example 8

SEhEf518

[0047]
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Weigh 3.0 g of FeClO and 7.3 g of FeClO and 6 HO, respectively, and dissolve them in 100 mL of
deionized water. Stir thoroughly to completely dissolve ferrous chloride and ferric chloride,
obtaining a solution with a concentration of 0.42 mol/L. Add 1.0 g of sodium dodecyl sulfate to
this solution and stir thoroughly to completely dissolve the sodium dodecyl sulfate, obtaining
a mixed solution. Add solid NaOH to this mixed solution to adjust the pH to 12, obtaining a
reaction solution. Place the reaction solution under a visible light source with a wavelength of
500 nm for 40 minutes, and continuously stir magnetically during irradiation to obtain a black
precipitate of iron(lll) oxide. After filtration, wash the precipitate four times with deionized
water and anhydrous ethanol, respectively, and dry at room temperature for 24 hours to

obtain iron(lll) oxide nanoparticles.

FREX3.0g FeCl <sub> 2 </sub> + 4H <sub> 2 </sub> O#7.3g FeCl <sub> 3 </sub> - 6H <sub>2 <
/sub> OB F100mMLEBFKFR, H M ERHIHKMKIUHKTEAME, FEIKRE0.42mol/LAY
AR, EIZBE FIIALOg+ZEMERW, O, F+2IEMBRMTeARE, TR &8
& BEANaOHMAZILLEEB &R, EpHERTEL2, REIRNR, HRRNBRBETREKN
500nmBYR] ILYEEIR T ERET400 50, BROVHERIBIERRL i, JFRINEM=8%EETEY, TIRE

REBFKNTKZEDER TURAR, ERTIE24/N, FEINSE=RARKF-
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The results of transmission electron microscopy observation and magnetic property testing

are shown in Figures 8 and 9, respectively.

BT SRR 1 REMIREE R 2 5/ SNEI8HIOFf o

As can be seen from Figure 8, the iron oxide nanoparticles exhibit a regular cubic shape with a

side length of 15-25 nm, uniform particle size, and monodispersity.

MEBRILIE L, MRU=%MRT 2 MEMWAILSGER, ILAFERAKA15-25nm, fEAN

M5, 2R7EM,

Figure 9 shows the hysteresis loop of the Fe304 nanocube. The saturation magnetization of
the productis 91.3 emu/g, which is close to the saturation magnetization of bulk Fe<sub> 3 <

/sub> O<sub>4 </sub> (~90 emu/g), indicating that the product has high magnetic properties.

EoLH T R = BRI F IR RRILk, FYeVieFEAsRE R 91.3emu/g, SHIKFe
<sub> 3 </sub> O <sub> 4 </sub> BB RERE (~90emu/g) , WEAFYABRES BT

ab
BEo
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[0048]

Example 9

SEHEf9

[0049]

Weigh 9.2g of FeSO « THO and 13.2g of FeSO(SO)NER61 and dissolve them in 100mL of
deionized water to prepare a 1.0mol/L solution. Add 1.2g of sodium dodecyl sulfate to this
solution and stir thoroughly until the sodium dodecyl sulfate is completely dissolved. Then
add solid NaOH to this solution and adjust the pH to 11 to obtain a reaction solution. Place the

reaction solution under a visible light source with a wavelength of 400nm for 60 minutes and
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stir continuously with a magnetic force during the irradiation to obtain a black precipitate of
iron(lll) oxide. Finally, wash the precipitate five times with deionized water and anhydrous
ethanol, respectively, and dry it at room temperature for 24 hours to obtain iron(lIl) oxide

nanoparticles.

FREX9.2g FeSO <sub>4 </sub> + TH <sub> 2 </sub> O#113.2g Fe <sub> 2 </sub> (SO <sub> 4 <
/sub>) <sub> 3 </sub>AF100mMLEEFKAH, BEHIR REAL.Omol/LAYAER, TEZARFMA
1.2g+ "I BB, ROBH, FE+1EEMRMNTEEE, ARRKEENaOHMAEITLERS,
WTpHEZE 11, /FEIRNR, HRERNBRBEEKEKA400nmBYR] ILIE IR FIRST6071H, HRET
HAEFF R OB, JEINAA=S%ERETEY), RERAEBFKMIK ZEDABRTUEYSR,

FRTIE24E, [EINEM=SKAKTFo

The transmission electron microscopy observation results are shown in Figure 10. It can be
seen that the iron oxide nanoparticles exhibit a regular cubic shape with a side length of 5-13
nm. The particle size distribution range is narrow, the size is uniform, and the dispersion is

good.

Ba BIRURERMELOFR, AIUEL, HEX=5RKPRAFEIEAMNBILT HK, THEN

BRZHES-13nm, RIEDHEEE, KIS, 5EET.
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