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DESCRIPTION KR101141716B1

Large-scale Manufacturing Method of High-Surface Area Iron Oxide Nanoparticles
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CHHA AobE L Xtel CHE M= 2 {LARGE-SCALE MANUFACTURING METHOD OF HIGH-

SURFACE AREA IRON OXIDE NANOPARTICLES}

[0001]

The present invention relates to a method for mass-producing iron oxide nanoparticles, and
more specifically, to a method for mass-producing large-area iron oxide nanoparticles using a

relatively inexpensive iron nitrate precursor as a raw material.

2 UH2 MobE L UXe| ThEh M= S0 2ot A2 =2, B0 M MSHAI= H|w X gf0] XZet ZLAE T
THE ME= ot0] MobH LI XS CHEf ditet 4= Q= CHHE Lobd L IXre| CHEk M= 2ol 2t
of Z0|Ck

[0002]
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Iron oxide is a material that exists in various forms, such as hematite (a-F203) and
maghemite (y-F203), with hematite having the most stable structure in nature and a band gap

of approximately 1.9 to 2.0 eV.

ArebHE 2 5| 0tEFO| E (hematite, a-F203), O8] 0F0| E(maghemite, y-F203) & {2 AEHZ EXY5t=

MZZ A, ol|lOFEFO| E7t Xt HEHO| M 71 ehdet 22 71X, =242 CHEF 1.9 ~ 2.0eVOIL},

[0003]

In particular, iron oxide has significant applications in photonics technology, gas sensors,
lithium batteries, magnetic recording devices, catalysts, MRI contrast agents, hydrogen

production through the photoelectrochemical decomposition of water, and oil recovery.

£9, MeHE2 RV, 7tAHNM, 2|E BiE2], X2 [7| S E R, FZ0i, MRI Z&H|, 22| 7H7[=etH 2o

S St 24U, 23| S0 AN St

oo

840| ALL.

26-08-2026 - Page 3



[0004]

To date, iron oxide nanoparticles of various shapes, such as nanotubes, nanorods, nanowires,
and nanoflakes, have been developed. Among these, F203 or Fe304, which have a nanotube
structure formed by self-assembly, are new morphologies that have not existed before and

were previously synthesized using hard-template or soft-template methods.

XX, LHe T8, LI 25 L 210[0], Lt Z23|0|2 § o 7HX| DS b= M8 L X7 JHe
E|QICH, 0| & Xt7| =& (self-assembly)of| o[t L= FE $EE 7HX|= F203Lt Fe304= XK St

HMES ZEZX|ZAM o Mol= ot= 'IE20|E(hard-template) & A X E &I E2||0| E(soft-

M

IS

template)E 0[&¢t HHO = e = ALt

[0005]
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Recently, research is actively underway to purify water or soil contaminated with heavy

metals using iron oxide.

220 = LetE S 0|80t S55H0| LEE +HEO|L EY S2 HotAF|2 = A7t 2R TdE0 )

In particular, arsenic, one of the heavy metals, is considered the most toxic substance
polluting water sources, and although efforts are being concentrated on preventing such

arsenic contamination, no significant results have been achieved.

o
ify
g
ol
o

r
o
T

| A= =3 (water sources)2 LEA|7|= 7HE S40| 2ot SEE HAX[Z JUS

|

, O|2{et H|20f 2|3t RES o YstX} of= 20| HSELL ALt FE1%E S EO[X| 2ot U=

[0006]
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Therefore, it is urgent to develop a method for mass-producing eco-friendly iron oxide
nanoparticles that possess excellent adsorption effects for heavy metals and utilizing them as
adsorbents, thereby enabling the eco-friendly purification of water or soil contaminated with

heavy metals.

[ErM, SZ 400 thiot @40t S 2HE JHX[= HatE MebE L /XS tHEe 2 HZ5t1, 0|2 5

ARz 2EBHCZM, S0 REE +HOIL EY 5SS MSFHO = Hotdt 4= = MobE LI YUXHE

[0007]

A relevant prior art document is Korean Published Patent No. 10-2004-0034224.

e

H MYSHO R L CfEtal T BIHS S H10-2004-00342243 7 ULk,
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The above literature discloses iron oxide nanopowder and a method for manufacturing the

same.

7] 2e0l= e L2 2 3 3 M= 20| FHA|=|0f Ut

[l

The objective of the present invention is to provide a method for mass-producing large-area

iron oxide nanoparticles using a simple synthesis method utilizing ultrasonic treatment.

A method for mass-producing large-area iron oxide nanoparticles according to an
embodiment of the present invention for achieving the above objective comprises: (a) mixing

an iron nitrate precursor with an organic solvent; (b) ultrasonically treating the mixed solution
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at room temperature for 10 to 30 minutes; (c) immersing the ultrasonically treated mixed
solution by centrifugation to obtain an iron oxide precipitate, and then washing it; (d) drying
the washed iron oxide precipitate to obtain iron oxide nanoparticles; and (e) calcining the iron

oxide nanoparticles in a nitrogen gas atmosphere at 100 to 600°C for 4 to 12 hours.

471 2xg gy
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100 ~ 600°Ce| HATtA 22{7[0| M 4 ~ 12412t St 245H= HHA;

The method for mass production of large-area iron oxide nanoparticles according to the
present invention enables the mass production of eco-friendly iron oxide nanoparticles
having a high specific surface area easily through ultrasonic treatment alone, without the

addition of a separate surfactant.
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Therefore, when iron oxide nanoparticles are manufactured using the method according to
the present invention, large-area iron oxide nanoparticles can be produced in large quantities

simply and at low cost.

[HEtA, 2 HHO| IE U2 Mobd LI UK E MY B2, MH[E2 2 UHHSHA tHHA S 2= Mat

M LIRS o Mt

g
1
30
_ITl_

In addition, since the large-area iron oxide nanoparticles according to the present invention
have an excellent adsorption effect for heavy metals, when utilized as an adsorbent, they have
the advantage of being able to purify water or soil contaminated with heavy metalsin an

environmentally friendly manner.

[0013]
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FIG. 1is a flowchart illustrating a method for mass-producing large-area iron oxide

nanoparticles according to an embodiment of the present invention.

T 12 = 2Fo[ ZAloof hE CHHA thobd L QRtS| CE M| = S LIEFH =M =O|C}.

Figure 2 is a scanning electron microscope image of a sample prepared according to Example

T 2= A0 10 el HZE AR E FAEKR0|Z 22 EF o AFEIO|LY,

Figure 3 is a transmission electron microscope image of a sample prepared according to

Example 1.

T 32 HAlof 10 et M E AR E FoTA0|Z 22 EF ok AFEIO|LY,

Figure 4 shows the X-ray diffraction spectra of samples prepared according to Examples 1 to 6.

26-08-2026 - Page 10



T 4= A 1~601 w2t M EE Az AAM o|E AHEZ S LIEH Z10[C},

Figure 5 is a transmission electron microscope image of samples prepared according to

Examples 2 to 6.

T 5= A0 2 ~ 60l 2t HZEl A|zSS TR0 Z = Gt ALZIo|Lt,

Figure 6 shows the results of BET nitrogen adsorption experiments at different temperatures

for samples prepared according to Examples 1 and 2 and Comparative Example 1.

T 62 HAG 1~2 5 H|wof 10 w2t ®Z=E Al = S0fl o

rot

2= BET WASA A3 2T LiERH 240

Ct.

[0014]

The advantages and features of the present invention and the methods for achieving them

26-08-2026 - Page 11



will become clear by referring to the embodiments described in detail below together with the

accompanying drawings.

= 2Fo 0|H 8l £, 12|11 OASS EYots Y2 HEEE ZHI &7 SMISH £2&[0] /= &

0

However, the present invention is not limited to the embodiments disclosed below but may
be implemented in various different forms, and the embodiments provided merely to ensure
that the disclosure of the present invention is complete and to fully inform those skilled in the
art of the scope of the invention, and the present invention is defined only by the scope of the

claims.

J2{Lf, 2 LE2 0[5H0| M FHAI=l = HA|o|of| S E|= Z40] OfL 2t M= CHE CHefst HEl= 3 E A0

)

o, CHX| 2 2AlolE = 22 JHAIZt 2ot == 5tH, & EEO| £ot= 7|sE 0k M S| XA S 7

OF

KHof|A| 2Eo| HFE 2tF oA 27| flol MISEl= A0lH, 2 EFE2 Hee H3x0of ofol FHelE #0

Ct.

Throughout the specification, the same reference numerals refer to the same components.
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[0015]

A method for mass production of large-area iron oxide nanoparticles according to a preferred

embodiment of the present invention will be described in detail below with reference to the

attached drawings.
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[0016]

Mass production method of large-area iron oxide nanoparticles
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CHHA Ao L QIAre| ok M=

[0017]

FIG. 1is a flowchartillustrating a method for mass-producing large-area iron oxide

nanoparticles according to an embodiment of the present invention.

T 12 = 2Fol ZAloof hE CHHA thobd L QRtS| CE M| = WS LIEFH =M =O|C}.

[0018]

Referring to FIG. 1, the illustrated method for mass production of large-area iron oxide
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nanoparticles includes a raw material mixing step (S110), an ultrasonic treatment step (S120),

a centrifugation/washing step (S130), a drying step (S140), and a calcination step (S150).

HZASHH, T AIE A Lobd L XS] e M= A2 | & =8 BHAI(S110), 23T H2| B

9 —_

r1

fujo

A(S120), # &l Z2|/MH THA|(S130), 2= THAI(S140) S Ad EHA|[(S150) 8 Eehotct.

y O

[0019]

Mixing of raw materials

i
b
rot
oot

[0020]

26-08-2026 - Page 15



In the raw material mixing step (S110), the iron nitrate precursor is mixed with an organic
solvent.

rio

U
rlot
of
o

of £HA|(S110)01| M= ZAHE

r

HHE R7] Eoligt 2

giotct,
In this case, when dissolving the iron nitrate precursor in an organic solvent, it is
recommended to dissolve it by stirring with a powerful mechanical stirrer.

ol[[H’ RIAIHAE X

2= -

THE 771 0ol ESHAIZ B2, 7|1AA 2

[0021]

Here, Fe(NO3)3-9(H20) can be used as the iron nitrate precursor.

Of71M, HAr

- = -

MK 2= Fe(NO3)3 - 9(H20)E 0]

g3 4 Uk,
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In addition, as an organic solvent, water satisfying the following chemical formula 1 or one
selected from alcohols including methyl alcohol, ethyl alcohol, butyl alcohol, pentyl alcohol,

octyl alcohol, etc. may be used.

2|0, )7 82 = 617| &FetA] 12 tEsHE 2 =, HE 23 Z2(methyl alcohol), HIE T2

(ethyl alcohol), & 2ZFZ(buthyl alcohol), HIE 23 Z(pentyl alcohol), SE 2T Z(octyl

[0022]

Chemical Formula 1: CxHyOH

gtstAl 1: CxHyOH
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[0023]

(Here,y=2x+1,x=0~8)

(H7]M,y=2x+1,x=0~8)

[0024]

At this time, it is preferable that the molar ratio of the iron nitrate precursor to the organic

solventis 0.01:1to 0.1:1.

oluf, &4k A2t 27| B2l BH|= 0.01:1~0.1: 191 20| HF2EEISICH,

b

If the molar ratio of the above iron nitrate precursor to the organic solvent is less than 0.01:1,

iron oxide composed of nanotubes cannot be obtained.
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M7| "APE Mpn|et /7| oietel ZH(7H0.01: 1 0|2HY ZR0|= LI=REE O|R 0Tl MopHE A

o

= BiCH.

Conversely, if the molar ratio of the iron nitrate precursor to the organic solvent exceeds 0.1:
1,itis no longer soluble in the organic solvent, and there is a problem that a uniform
morphology cannot be formed when the ultrasonic treatment described later is performed in

a state where it is not completely dissolved.
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H ESH 2tMS| B =X 2 MEE 2= X3S0 XH2[E HAlg FR 7ot REEX|(morphology)E

[0025]

Ultrasonic treatment
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Pt

=t X2

[0026]

In the ultrasonic treatment step (S120), the mixed solution is ultrasonically treated at room

temperature.

AS0 M| TA(S120)0 M= 28t E EHE H20M =S T+ AH2[Stot,

[0027]

In the present invention, ultrasonic treatment can be performed by scanning after
introducing a mixed solution into a reaction vessel and dipping an ultrasonic horn into the

reaction vessel.
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US HSE Uof| Rt =, HSE Lol 2S0F =S S HEHol|A

At this time, when ultrasonic treatment is performed on the reactants in the reaction vessel,
after a certain period of time, when bubble collapse occurs, local conditions such as a
temperature of 5000K, a pressure of about 1000 bar, and a heating/cooling ratio of 1010K/s

are created, which are extreme conditions.

ofmj, HS2= Lol BtS=0f tiot 231t X2 S A" B2, ¢

)

0z

Al

X

o| 1t = H{= S2|(bubble

collapse)7t & I mAXMO = 5000Ke| 22 1000bar M=o 23 12|11 1010K/s2| 7t

ne
T
=
0=
X
=
ol

0| 2$t9| = (extreme condition)S ZtA| EICt.

For this reason, the crystallinity and specific surface area of the reactants can be increased.

[0028]
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Here, for the ultrasonic treatment, it is preferable to apply high-intensity ultrasound with an

energy amount of 15 to 30 KHz and 90 to 110 W at room temperature for 10 to 30 minutes.

O{7|M, 22Tt H2|= A20|A 15~ 30KHz % 90 ~ 110We| | X[ZS Zte TU T X ST} high-

intensity ultrasound)E 10 ~ 302 &¢t 217t5t= 40| HFZHAISICt,

At this time, the above room temperature may vary depending on the usage environment,

and as an example, 1 to 40°C may be suggested.

ojmi, &7 #22 A8 2tZ0f| wfet XH0| S 2 4= A2, & of| 2 1 ~40°CE MAIZ = ULt

[0029]

When ultrasonically treated, the best morphology was obtained when performed at room

temperature for more than 10 minutes.
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AZ0 M2, Z20M 102 0] HASIAS W FaTXAD| FH0AM 71 E22 ZEZX

(morphology)E &= & UMULL.

[0030]

Therefore, when ultrasonic treatment was performed, nanotube morphology was not
observed much when the ultrasonic output voltage was less than 90W or the ultrasonic
treatment time was less than 10 minutes, and it was confirmed that nanotube morphology
was slightly collapsed when the ultrasonic output voltage exceeded 110W or the ultrasonic

treatment time exceeded 30 minutes.

[HetA, 2SO KE|Al, ST EHT 0| 90W 0| 20| ALE, 2SI H2|A[ZH0] 102 O|2HH FL0= Lt

FE REZX[Jt BO| HEE|X| U, XS EHTYL0| 110WS X£1HSH7LE, 2SI} X 2|A|2H0] 3022

bt
e

e 320 U RE ZEZX|7t o2t S2[E S =elstirt.
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[0031]

In other words, if the ultrasonic treatment time is too short, such as less than 10 minutes,
there is a concern that the nanotube shape will not form well, and conversely, if the ultrasonic
treatment time exceeds 30 minutes, the desired nanotube shape morphology may partially

collapse or only waste time.

%, X230 K| A|ZH0] 108 DU 2 HE HOH LI RE 20| & M7|X| §b2 2217t A1, it 2, &
SO XM2| A|Zt0] 3022 £utY ZdR0l= Jdte LI RE DY REZX| 7t Y& S2SHAHLE Azt AR

AlZ = AL

At this time, the ultrasonic treatment had to be performed inside a fume hood to avoid the

risk of burns caused by the nitric acid gas generated from the iron nitrate precursor.

ofm, xS Tt 2| F=QHo[A BHSA[FH0F R LHE T M ZHE Zot F it 7tA(gas) = 218 ohefol e
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[0032]

Centrifugation/Washing

2y 22l/MH

—

[0033]

In the centrifugation/washing step (S130), the ultrasonically treated mixed solution is

immersed in centrifugation to obtain an iron oxide precipitate, and then washed.

A 22|/MA EA|(S130)0l M S XS M2 B B3 8AS 2N 222 MK AIH ASE AHSS 25

— O

MIESHLt,

1 =
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[0034]

At this time, in the present invention, centrifugation and washing can be carried out by
separating iron oxide precipitates by precipitating the ultrasonically treated mixed solution at
approximately 3000 to 5000 rpm for 5 to 20 minutes using a centrifuge, and washing with

ethanol at least three times.

ojmi, = HEFM, Hal 22| L MA2 230 M|l =28 84S A 221712 0|8dHH tiEf 3000 ~

r
m

5000rpmOllAl 5 ~ 202 SOt AXAIA AeE AHSS £2|oti, o EHE2 33] 0|4 MASHs a0 A

NEESIE

[0035]
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[0036]

In the drying step (S140), the washed iron oxide precipitate is dried to obtain iron oxide

nanoparticles.

Uz HA(S140)0M = MA &l MotE BT =S X0t Mot LI XS +=S3lCt

At this time, it is preferable to dry at 60 to 70°C for 20 to 30 hours. If the above drying
temperature is less than 60°C or the drying time is less than 20 hours, there is a risk that it will
not be completely dried. Conversely, if the drying temperature exceeds 70°C or the drying

time exceeds 30 hours, it is economically meaningless.

ofmfl, Z1Z== 60 ~ 70°COf|l A 20 ~ 30A|2t S AZESH= 0] HHEfAISHT], 7] 2= 2 =71 60°C 0| 20| A
Lt, 212 A|ZHO] 20A[2F O|2HQl B R0 = 2tXS| HAXE|X| b2 R2{7t UL B2, AX 2ETHT70°CE =

b

FSEAHLE, 1= AZHO| 30AIZEE £t ZR0f= XM= F2|0|stT,

)

26-08-2026 - Page 27



[0037]

firing

[0038]

In the calcination step (S150), the iron oxide nanoparticles obtained through the drying step

(S140) are calcined.

24 EHA(S150)0 M = 2= THA[(S140)E St =S¢t ehE Ll YIAHE 2delrt.
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In the present invention, it was confirmed that iron oxide nanoparticles obtained by the
drying step (S140) can be converted into an iron oxide nanotube structure (a-F203, y-F203,
F304) of the desired form by performing a calcination step (S150), and it was found that the
crystallinity and morphology can be changed depending on the temperature and atmosphere

of the calcination process.

= HFO|M, A= THA|(S140)0f 25t ==t LobE Lt A= &8 THA|(S150)E +=Adtof #st= o
Eef M3t LI JFE #X(a-F203, y-F203, F304) 2 HE0| 7tS5tCh= A S &Ql5tion, A8 SF9

2ot 221710 mat 2HH ZEZXE HOtAZE = ALtE AS & 5= AL

[0039]

At this time, it is preferable to perform the firing in a nitrogen gas atmosphere at 100 to 600°C

for4 to 12 hours.

O[], 242 100 ~ 600°Ce| ZATtA Z{7|0[M 4 ~ 12A2F St & A[Sh= 20| HEEEISHCY.
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It can be seen that when calcination is performed in such a nitrogen gas atmosphere, the

morphological collapse is much less compared to when it is performed in the atmosphere.

710N 284S A" B2, 7] SoM HAE et H|udl & o, 2E2X|Q| S 1|

[0040]

If the above firing temperature is less than 100°C or the firing time is less than 4 hours, it may

be difficult to obtain the desired crystallographic phase.

7] 28 25271100°C O] 2O ALY, 2 A[ZHO[ 4A[ZF O]

el A0 sts ZEBH A

(crystallographic phase)2 &t o= O 02 20| [HE 4= QUL
Conversely, it was confirmed that when the calcination temperature exceeds 300°C, the
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nanotube morphology changes into a nanorod morphology due to heat, and when it exceeds

600°C, the nanorod morphology changes into a lump.

HIHE, AM 25271 300°CE X118 A0|l= L5 RE2X|7} Hoj| 9/6t0f L= 2E (nanorods) 2

b

EX| 2 HalsHA| £/ 1, 600°CE £t6HA| =[H LI 2E REEX|7F G2 M E HH = S SelstRILE

[0041]

Thus, large-area iron oxide nanoparticles according to the embodiments of the present

invention can be manufactured in large quantities.

ooz, = eFo| MAofof HE CHHA MoPH LIS CHEQ 2 M= 4= It

[0042]
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The large-area iron oxide nanoparticles produced by the above process (S110 ~ S150) have
one form selected from hematite (a-F203), maghemite (y-F203) and magnetite (F304), and

can have a specific surface area of 50 to 300 m2/g.

A719] 24H(S110 ~ S150) 22 M| X E|= CHHE ASHA L QXH= 8i|0FEFO| E (a-F203), OF181|0F0| E (y-
Xl A

F203) 5 Or2H|EFO| E(F304) SO0l M MEH &l 5tLte] HENS 7HX|H, 50 ~ 300m2/gel H{EHAH S 7HE =

ALY

[0043]

At this time, it was confirmed that iron oxide nanoparticles have a specific surface area of
about 50 to 100 m?/g in the as-synthesized state, 100 to 300 m?/g at a calcination temperature
of 100 to 200°C, and when the temperature exceeds 200°C, it drops to 150 m?/g or less, and

the specific surface area continues to decrease as the temperature rises further.
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ojm, AztA Lt AXt= 2t Bd El(as-synthesized) 2EH 7L 50 ~ 100m2/g B H{EMHAN S JHX|H
100 ~ 200°Ce| 2" 20| M= 100 ~300m2/g =7} E| 11 200°CE X£245HA| =|H CHA| 150m2/g 05t

Zotafotil 2Tt HS SERTE AL HEHAE 2 S0 E= A S 2eloteirt.

[0044]

Iron oxide is a metal with a small specific surface area, so even if it is synthesized porously, it
is difficult to exceed 100 to 150 m?/g. However, in the case of the present invention, in which
ultrasonic treatment and calcination heat treatment in a nitrogen gas atmosphere are

performed, it was confirmed that it has a specific surface area of about 50 to 300 m?/g.

ASPHS H{EHMO| IX| g2 SHO 2 X2 A(porous)dtA| EHASHCHD 8L & 100 ~ 150m2/g= &7

SXIB, 2SO M| B AATEA ZRATI0M 24 EXE|7F HAIE 2 2EO[ 2,50 ~300m2/g M=

[0045]
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As seen above, in the present invention, iron oxide nanoparticles can be easily produced in

large quantities using only ultrasonic treatment without the addition of a separate surfactant.

XIZ7HR] AT tfo} 2H0], = SBlO| A HEo| AHEARE At 21 910] £ST Halsioz 227
ASHA L QXIS 2o 2 X =T £ UL}

[0046]

Therefore, when iron oxide nanoparticles are manufactured using the method according to

the present invention, iron oxide nanoparticles can be mass-produced simply and at a low

cost.

[HatA, 2 HEof| TE SEH

CHE2F AHAKSE A OIC}

O o=
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[0047]

In addition, since the large-area iron oxide nanoparticles according to the present invention
have an excellent adsorption effect for heavy metals, when utilized as an adsorbent, they have
the advantage of being able to purify water or soil contaminated with heavy metalsin an

environmentally friendly manner.

[0048]

Examples
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A0

[0049]

Hereinafter, the structure and operation of the present invention will be explained in more

detail through preferred embodiments of the present invention.

However, this is presented as a preferred example of the present invention and should not be

interpreted in any way as limiting the present invention.

Ctah, Ol = EEO| HHEf2IS O A2 RIAlEl Z30]0 ofttfet 20| 2 & 0]0f 2J3 2 LFHO| Metel= A=
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[0050]

Details not listed here can be sufficiently technically inferred by a person skilled in this field,

so their explanation will be omitted.

O710fl Z7IMEX| 42 LHE2 O] 7= 200 B XI0|H S23| 7|eX2 f38 + A= A0|E=

O 4E

o

AEfot7| = ottt

[0051]

1. Sample preparation

IPN L= ES
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[0052]

Example 1

A0 1

[0053]

15g of Aldrich’s Fe(NO3)3-9(H20) and 35ml of Aldrich’s propyl alcohol (C3H7OH) were stirred
with a powerful mechanical stirrer for 12 minutes, and then ultrasonically treated for 30

minutes using an ultrasonic horn at 20KHz and 100W of energy.
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2 E2[X| AbH(Aldrich it)2| Fe(NO3)3 - 9(H20) : 15gat 2 E2|X| AHAldrichiit)e| Z2H YA =

ot

, X220t Z(ultrasonic horn)2 0|28t

\J

7|2 mulst

A

1z
El
r

(C3H7OH) : 35mlE 12& st 43 7|

20KHz 5! 100We| of|{X|Z L 2 302 S 2Lt A2 S HAISHALL.

[0054]

Afterwards, the iron oxide precipitate was separated by centrifuging at 4000 rpm for 10
minutes, washed three times with ethanol, and then transferred to a dry oven and dried at 70°

C for 20 hours to obtain iron oxide nanoparticles.

0|=, #dZ2[7]|Z 0|83t¢ 4000rpmOiA 102 St BTAIA Lt HT =S 22lotdl oEH= = 3t

=
12
rot
ot
I

2t0|22(dry oven) 22 A 70°COf|l M 20A|2t SQF XS0 LhetdE L QIS +S51R

[0055]
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Afterwards, iron oxide nanoparticles were transferred to a tubular furnace, heated to 200°C at

a heating rate of 1°C/min, and then calcined for 4 hours in a nitrogen gas atmosphere to

produce iron oxide nanoparticles.

, MetE LIE XS SEY MI|E(furnace) 2 71 £, 1°C/ming| 52 S22 200°CTHX| 524171

=} —

[0056]

Example 2

A0 2
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[0057]

Iron oxide nanoparticles were prepared in the same manner as in Example 1, except that

methyl alcohol (CH30H) was used instead of propyl alcohol as the organic solvent.

[0058]

Example 3

0l

¥

A

2 Melotn= Ao 10t 5

Qs it

A 3
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[0059]

Iron oxide nanoparticles were prepared in the same manner as in Example 1, except that
ethyl alcohol (C2H50H) was used instead of propyl alcohol as the organic solvent and

ultrasonic treatment was performed for 15 minutes.

271 8o

Hu

TZL AAS M o2 LB S(C2H50H)S 0|28 1, 152 SOt XSt H2|E MAIBH A

S HQlstn= Ao 10t STt WHO = MoHH Lt QXS M ZSHALCE

[0060]

Example 4

A 4
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[0061]

Iron oxide nanoparticles were prepared in the same manner as in Example 1, except that
butyl alcohol (C4H90H) was used instead of propyl alcohol as the organic solvent and

ultrasonic treatment was performed for 20 minutes.

97| 802 I2W A0S Ch4l 22 YTHS(CAHIOH)S 0| BEIHT, 202 St XS} H2|S A3 2

S HQl5tn= Ao 10t SUTH O = MSHH Lt XIS HIZSHRALY.

[0062]

Example 5
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HAK 5

[0063]

Iron oxide nanoparticles were prepared in the same manner as in Example 1, except that
pentyl alcohol (C5H110H) was used instead of propyl alcohol as the organic solvent, and

ultrasonic treatment was performed at 30KHz and 110W of energy.

g7lgujz T2 ¢

ru+0

CHA HIE 2 A 2(C5H110H)E 0|83t 1, 30KHZ & 110We| of|{ X2 2

ASLME[E AR AS WSt = MAM 11 St BHO = MohE L §IAHE M| Z=5HRICE

[0064]

Example 6
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A 6

[0065]

Iron oxide nanoparticles were prepared in the same manner as in Example 1, except that
octyl alcohol (C8H170H) was used instead of propyl alcohol as the organic solvent and

ultrasonic treatment was performed at 15KHz and 90W of energy.

K72 T=L A SE 2AZ(C8HITOH)E 0|

SL K2 S A A

[0066]
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Comparative Example 1

H[ w0l 1

[0067]

16.16 g of Aldrich’s Fe(NO3)3-9(H20) and 40 ml of Aldrich’s propyl alcohol (C3H7OH) were
mixed, stirred with a powerful mechanical stirrer for 10 minutes, and then ultrasonically

treated with an ultrasonic horn for 10 minutes.

L E2[X| Ab(Aldrich iit)2| Fe(NO3)3 - 9(H20) : 16.16gx 2 E2|X| AHAldrichiit)e| Z2EH YIRS

(C3H7OH) : 40m|E 2t 2, 102 St 23 J(AA] WiV|= mhts

o
mjo
bt
0o
Il
rlot

(ultrasonic horn)

= 0|83%t0 102 St 3Tt XM2|E & AISIRICE.
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[0068]

Afterwards, the iron oxide precipitate was separated by centrifuging at 3000 rpm for 10

minutes, washed three times with ethanol, and then transferred to a dry oven and dried at 70°

C for 20 hours to obtain iron oxide nanoparticles.

0|z, ¥ &l22[7|Z 08310 3000rpmi| A 102 St ETAIAH MotE ET =S 22[5ta ofEHE 2 3K

In

2t0|2 2 (dry oven) 22 FHA] T0°COl| A 20A|2 St AESH0] Lot LI UXIE +S5HRA

[0069]

2. Physical property evaluation

26-08-2026 - Page 47



[0070]

Table 1 shows the results of the physical property evaluation for samples prepared according

to Examples 1 to 6 and Comparative Example 1.

B 12 2Al0f 1~6 5 8|0 10 2t ®=E A= S0l thet =4 W7t Z2atE LiEHH ZA0|C},

[0071]

[Table 1]

[# 1]
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[0073]

Referring to Table 1, it can be seen that the iron oxide nanoparticles prepared according to
Examples 1 to 6 have a specific surface area of 200 to 250 m?/g, satisfying the target value of

50 to 300 m?/g.

B 1S HXIH, A0 1~ 60 Wt HZ=E Aebd L IAHS el 22, HEHEA : 200 ~ 250m2/g2 =1

oF A
2 o= k.

X
el
fjo

of| s =HSt= 50 ~ 300m2/gE TtESt= A

In addition, it can be seen that in the case of iron oxide nanoparticles prepared according to
Examples 1 to 6, the average diameter of the nanoparticles is 3.2 to 7.2 nm, satisfying the

target value of 2 to 10 nm.

Lo, A0 1~ 60f 2t M ZEl ek L QIS 9| 2, e Ate| Bt 2 F0[3.2~7.2nmE SEY

ofl sHdH= 2 ~ 10nm=S Tt=st=

N
o
e

29tk
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On the other hand, in the case of Comparative Example 1, which is manufactured in an as-
synthesized state, it was confirmed that although it has a specific surface area of 100 m?/g, the

shape of the iron oxide is not composed of nanotubes.

dtH, 2 g4 El(as-synthesized) B 2 M =E[= B0 12 FL0= H|EHZO0] 100m2/gE 7HXILY, L
y g

S} Y0 LI REZ O|ROX[X| g2 A S =elstALt.

[0074]

Figure 2 is a scanning electron microscope image of a sample prepared according to Example
1, and Figure 3 is a transmission electron microscope image of a sample prepared according

to Example 1.

T 2= AAo 10 e M ZE A ZE FAREARADZ 2 ZHot AFEI0|4, &= 32 AA[of 10f mfaf & =&

n
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[0075]

As shown in Fig. 2, in the case of the sample prepared according to Example 1, it can be

confirmed that iron oxide nanoparticles are evenly distributed with a relatively uniform size.

& 20f = AlE HiF ZH0], MA|Of| 10| et RIZEl A =20 B2, MIHHE Lk AX7tH| ™ #Ast3T(=2 1

A

mjo
Jiok

EA 2xsta tolgt o= ALY,

HI
rir

At this time, as can be seen from the transmission electron microscope image shown in Fig. 3,
in the case of the sample prepared according to Example 1, it was found that each needle-
shaped nanostructure was in the shape of a nanotube, and it was confirmed that each

nanoparticle had a very fine diameter of approximately 3 to 5 nm.

ofm, &= 30| A2l FarEXA0[E ATIS SaHM & 5= A=

J=5
_+9
P
>

>
=
=
=2
a
i
é

El A=l E
P HLSHCZ O|R0{T A9 LI F X7t LI RE ZY¥0[2t= ASE & & ACH, 2129 LI &Xte 2 F

O CHEf 3~ 5nm F 2 O O|M|e 21 E & 71X 1 JASE =l5HRICt.
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[0076]

Figure 4 shows the X-ray diffraction spectra of samples prepared according to Examples 1 to 6.

T 4= HA0f 1 ~60] wel MZE Azo| AAM 9| B AHERS LIELH Z10|Ct,

[0077]

Referring to Fig. 4, the results of X-ray diffraction analysis were performed to confirm the

crystallinity of samples prepared according to Examples 1 to 6.

T 42 A, MAI0] 1~ 60/ Tt MZE AIRS0f chet AR SHOISH| 9/oHod X-4 BT B4 (X-

ray diffraction)2 A A[$t Z1t0|C},
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At this time, through X-ray diffraction analysis of the samples (a, b, ¢, d, e, f) prepared
according to Examples 1 to 6, it was found that the composition of the iron oxide

nanoparticles was indexed as a composite of r-Fe203 and amorphous.

ofrh, MAI0f| 1~ 60i k2t MZ=E A=ZS(a, b, ¢, d, e, f)oll et X-M 2|2 242 S, ek Lk ¢

20| r-Fe2032 8% (amorphous)2| SH|=E Q1A (index) & 2 & &= UARULL.

[0078]

Figure 5 is a transmission electron microscope image of samples prepared according to

Examples 2 to 6.

T 5= A0 2 ~ 60l 2t HZEl AlZzSS FaTAA0Z o= EFot AFZIo|Lt,
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[0079]

Referring to Fig. 5, in the case of the samples (b, ¢, d, e, f) prepared according to Examples 2 to
6, although there are differences in the morphology prepared depending on the type of
organic solvent, it can be confirmed that each nanostructure, which is generally needle-

shaped, forms a nanotube shape.

T 55 HZoHH, HAIo 2~ 60 et MZEE AlZ2S(b, ¢, d, e, )2 B2, 771 B0 =70 w2t ®=E[=

-

S EZZX|(morphology)dl| XI0|E E0|7|= otLt, MEtH O 2 HAMHO = O|F Tl 24| LI & T} L

Al (o]

7 to| st

A
=T

m

o
SRR T

mjo
Jtot

.

rr

[0080]

At this time, in the case of the samples (b, c, d, e, f) prepared according to Examples 2 to 6, it

was confirmed that although there were differences in the morphology produced depending
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on the amount of ultrasonic energy and the ultrasonic treatment time, they generally formed

the shape of dispersed nanotubes.

ofufi, HAl0] 2 ~ 60] 2t MIZ=E A=ZS(b, ¢, d, e, f)2 B2, XSO X[ B 2SI} K| AlZtof| 2t

0

MZEEl= ZEZX|0f X}0|E 20[7|= otLf, MetHo 2 BAE LI RHO| a3 0|1 = AS 2eldt

ALY

[0081]

Figure 6 shows the results of BET nitrogen adsorption experiments at different temperatures

for samples prepared according to Examples 1 and 2 and Comparative Example 1.

of

T 62 HA0 1~2 5 H|wof 10 w2t "= E A= S0l et 28 BET 2452 4 21HS LIEHH 210

r

Ct.
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[0082]

Based on the experimental results shown in Fig. 6, it is determined that when samples (a, b)
prepared according to Examples 1 and 2 are used as adsorbents, the adsorption effect for
heavy metals is excellent, so water or soil contaminated with heavy metals can be purified in

an environmentally friendly manner.

T 60l EAlEl 2 ZatE ECHZ, MAf 1~ 20i| [} M =E A=ZS(a, b)S 0| 8010 SN Z &S &

r

2, Za500 e S8 207t LtEE, 250 RYE +HO|LLEY SS XSFHo = oA E £+

[0083]

Although the present invention has been described above with reference to embodiments,
various changes or modifications can be made by those skilled in the art to which the present

invention pertains.
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O] ol M= 2 LHO| HAKE S22 HdHSIRX T, = YFO| £3t= 7|2 =20l M S4k9] X412 JHE

7|&Xte| £=ZF0f| M Crefet HFO[LE A S Jhet 4= UCt.

Such changes and modifications may be considered to be within the scope of the technical
concept provided by the present invention, as long as they do not deviate from the scope of

the present invention.

O2{et HF R HA 2 2 UHO| HS5t= 7|& Atetel HelE HO{LIX]|

52
rir
rot
T
g
o2
=
1>
re
n
K
ot
4>
2l

Ct.

Therefore, the scope of rights of the present invention should be determined by the claims

set forth below.

[etA 2 AHO M2 H el = 050l 7| XHE| = F7'H {0l 2|3 ZHHe|0{0F 2 Z40|C},

[0084]
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S$110: Raw material mixing step S120: Ultrasonic treatment step S130: Centrifugation

/washing step S140: Drying step S150: Calcination step

S110: #= = THA|S120 : 2T M2| BA[S130: # &) FE2|/MA THAIS140 : 4= BA[S150 : &4 EHA|
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