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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.
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This invention relates to a method for manufacturing nano-sized iron oxide rods, and more
particularly to a method for manufacturing nano-sized iron oxide rods that can be bonded to
organic or inorganic molecules. With the rapid development of nanotechnology, various
nanomaterials with nanostructures are being used more and more widely in various fields. In
order to meet the requirements of miniaturization, high density and low power consumption
of various components, the manufacturing process of various nanomaterials is constantly

being improved.

FERREAN —BRARENEZEZHESE, B EMN —EEEREERD FESHNR
KRB EFEZRIE T . BERARKNBFARE, SEAERKEBNRAMEES RIEAE
AREEZ, AT mESERARNEL. BBE. RIEFER, SERARMRABRIZTRAE

LTTE& Eo

There are two common methods for preparing nano-sized iron oxide rods: the sol-gel method

and the oxidation method.
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BARBRARREUEENTEZEB8 — 8B (Sol—Gel Method) & &k 7&(Oxidation Method)

o

The sol-gel method is used to prepare nano-sized iron oxide rods through hydrolysis and
condensation. This method uses specific nanomaterials as precursors. After hydrolysis, the
precursors form a sol, which is then condensed to remove moisture and form a gel. Finally, a

low-temperature heat treatment is applied to generate multiple nanoscale iron oxide rods.

BERREERLUKE. BENA, ETRARENEENRME, WARBRENTAMEHESRR
BEY), LERISEYIKRRETZAARE(Sol), BREMMEE AMRKDTRZAAEE (Gel), REMLUERERERE

BN AT AR BB R AR R AL AR

Although this sol-gel method can produce a large number of nano-sized iron oxide rods, it
cannot be directly fixed and grown on the substrate. An adhesive must be mixed separately to

fix the generated nano-sized iron oxide rods on the substrate.

AR R AP AEELTARARENEE, EARZEREEERNEM L, FRINEGEERS

A ERN 2 FAR R EEREREM Lo
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While the conventional oxidation method can directly generate nano-sized iron oxide rods on
the substrate, this method requires higher temperatures, approximately 600 to 800 degrees
Celsius, and the constant temperature time during heating needs to be maintained for tens of
hours. Furthermore, oxygen needs to be introduced as the atmosphere for the heating
reaction, so the safety of the process cannot be reduced. In addition, the cost of pure iron

used as the base material is also very high.

MmEBZA AR EIREEM EEMFKRALERSE, BIEFMERNEERS, HFHEK600E
800, MARKILARERIFBESRENTE, XBEANARFAMAREANAR, WERE

e EARR. FI, (FAEMMERNAEEMENETIES,

Therefore, many research teams currently working on the preparation of nano-sized iron
oxide rods are dedicated to developing methods for preparing nano-sized iron oxide rods that

are simple to manufacture, low-temperature, low-cost, and highly safe.

Eit, BRERRERKREACEFNESHARABBRIBONHAEREGEN. {R. {REREHES%

EURBEREALEFNT A,

26-08-2026 - Page 4



To address the aforementioned and other problems and to achieve the technical advantages
claimed by this invention, this invention provides a method for manufacturing nano-sized iron
oxide rods. Therefore, the purpose of this invention is to provide a method for manufacturing

nano-sized iron oxide rods with a simplified process, lower cost, and higher safety.

SR LR EMRREE, I EERAEPAFTERAVRINER, NERRMH—BRREANEEFZH
E75 AR AZRI B M RERHE—EBRRRENEEFZRESE, URHUZRE, BIREREZK

FREEHNREEREBERRLAEE,

In accordance with the above-mentioned objectives of this invention, a simplified method for
manufacturing nano-sized iron oxide rods is proposed. According to a preferred embodiment
of this invention, polymer materials and compounds are mixed into a solution in a specific

weight ratio.

RIBAZEZ ERER, RE—ERECRENFRRENEEFEZRESE, KRAEA—RERE

B, wEIFMHREYEMKRRSENEEILIES B R,

Heat and stir the solution simultaneously until it becomes a viscous mixture.
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INERE FIRHEH AR, BEEAREMFMTERZEES.

This viscous mixture is evenly coated onto a substrate to form a precursor. The precursor is

then heated in a high-temperature furnace to grow multiple nanoscale iron oxide rods.

TR SS9 EMINEM L, FRmEEY), BiitaiEYER S RETIN, e REE

FERARB R E

In accordance with the purpose of this invention, a method for manufacturing nano-sized
iron oxide rods with lower cost and higher safety is proposed. According to a preferred
embodiment of this invention, a substrate is placed in a device for cleaning, the device

containing a solution for cleaning the substrate.

RIBAZAZEN, RE—BRENTEESTE2MNRARBELEFZRIETE, KEREHE—K

EEG, SEMERKRETEL, EEREPSEFAEMANBER.

The polymer material and the metal catalyst compound are mixed in a certain weight ratio,

and then mixed with distilled water to form an aqueous solution.
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HEerFHH LS BERCSYRBE—EE8LIIES, BRZBIESTHKER.

Heat and stir the aqueous solution until it becomes a viscous mixture. Then, evenly spread
the viscous mixture onto the substrate to form a precursor, and then perform a drying process

at room temperature.

AR ACAR, BEVKAREMRMERZEESY), BRI ESYIIDEMIEM ERZAET

BEYIR, EER MEITRIRERIE,

Finally, the precursor is placed in a high-temperature furnace and heated. Under specific
reaction and heating conditions, multiple nanoscale iron oxide rods of a certain size can be

grown in a controlled manner.

RESIBYERSBETIND, SHEENREARBEYG, BEEFRRRE—ERTZEHERK

LERIA

Referring to Figure 1, which illustrates a flowchart of a method 100 for manufacturing a nano-

sized iron oxide rod according to a preferred embodiment of the present invention.
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2EF1E, HERKRAZEBP—BERRIN—BRREAEMBEFERESE100 228,

This manufacturing method 100 includes the following steps: Step 110 involves mixing the
polymer material polyethylene glycol (PEG) and the compound ferric sulfate (Fe2(S04)

3+ nH20) in a weight ratio to form a solution, wherein the weight ratio ranges from 1 to 1000.

SIS HEI0E B U THER: FRILVGEE D FMEERZ ZEE (Polyethylene Glycol; PEG)EdfY
EYIERERSE (Ferric Sulfate Hydrate; Fe2(S04)3. nH20)KEB—EE2LLAREH—3R, LEELL

sy {EEEE A 121000,

Step 120 involves heating the solution with the first device and stirring until the solution

becomes a viscous mixture.

TR00AUFE—KEBMAULAR, TRHFEAREMMERZESY.

Step 130 involves uniformly applying this viscous mixture onto the substrate to form a

precursor.
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FBRIB0EBURBEARESYIITEMINEM L, F2aRiBEY.

Step 140 involves placing the previously prepared material in a second device and heating it

to grow multiple nano-sized iron oxide rods.

TRIA0FAR IR EN B —REFME, AR REEHERRKEELEE,

In step 110, polyethylene glycol (PEG) serves as the carbon source for the nano-sized iron
oxide rods, and the compound can also be iron(lll) oxide hydrate (FeO(OH)) or ferric nitrate

hydrate (Fe(NO3)3 - 9H20).

FEB110HHERZ —E2 (Polyethylene Glycol; PEG)R{EARAKARANEENIRKIR, MAESHYINT
AEELE (Iron(lll)Oxide Hydrate; FeO(OH))Z¢ 8B (Ferric Nitrate Hydrate; Fe(NO3)3.

9H20),

The first device used to heat the solution in step 120 can be a hot plate, which is set to a
temperature of about 70 degrees Celsius and simultaneously stirs the solution until it

becomes viscous.
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TR0 AR RANFE —REA AR (Hot Plate), LEMNFRARIRREREARBRET0

B, LEEETEHEEERRMETER,

In step 130, the viscous solution is evenly applied to the substrate to form a precursor, and

then heated after it dries.

TR0 EHINARIIIEMEEM L2 aERY), FHEZIFRBETMR,

The second device for heating the precursor in step 140 can be a high-temperature furnace,
through which multiple nano-sized iron oxide rods can be grown by setting reaction heating

conditions.

SRIA0PNMARRYANE _RETASEE, SHRENRBREBRY, BEURRBEHERXK

AR,

The reaction heating conditions of this high-temperature furnace are a heating rate of 20
degrees Celsius per minute (20°C/min), a reaction temperature of 350 to 750 degrees Celsius,

and a constant temperature time of 4 hours.
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It RIEN R ERRRE AR ERELAEHE EFEEK20E (20°C/min), REEEERFEEK350E750

B, 1mRRERZ4NE,

Referring to Figure 2, which illustrates a flowchart of a method 200 for manufacturing nano-

sized iron oxide rods according to a preferred embodiment of the present invention.

2MEE2E, HERKRAZERP—BERRIN—BRREAEMBEFERIEHFE200 228,

This manufacturing method 200 includes the following steps: Step 210 involves placing the
substrate in a third device for cleaning, the third device containing a solution for cleaning the

substrate.

RIS FZ200BEU TR IEARRFEMENE=RETERX, WEZKEFSHEFLEM

BB,

Step 220 involves mixing the polymer material polyethylene glycol (PEG) and the metal
catalyst compound ferric sulfate (Fe2(S04)3 - nH20) in a weight ratio (the weight ratio ranges

from 1 to 1000), and then mixing them with distilled water to form an aqueous solution.
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T EE20R1GE N F B Z B2 (Polyethylene Glycol; PEG)H & BiEIE ML SYIFRERE (Ferric
Sulfate Hydrate; Fe2(S04)3. nH20)fkEE—F=2LHIRS (WESLLFIRLLEEEA1E1000), B

B BRNCR B RIKA R

Step 230 involves heating the aqueous solution with the fourth device and stirring the

aqueous solution to form a viscous mixture.

TERB0AUBEEEMAKEAER, LHEHIKERIIMBERZEEY.

Step 240 involves uniformly coating the viscous mixture onto the substrate using the fifth

device to form a precursor, followed by a drying process.

TEA0ARUB AR ERZ MR SIS EMNEM LR ARIEYR, EITIERIE.

Step 250 involves placing the precursor in the sixth device and heating it to grow multiple

nano-sized iron oxide rods.

TER50AICHEERMERBNKEPRMA, BRI REEHERRERALEE,
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The substrate in step 210 can be carbon steel sheet or pure iron sheet with a purity of 99.99%.
The carbon steel sheet is a low-carbon steel material, which is much cheaper than pure iron

sheet.

FER210BYEA 7] 2y SARE 7399.99% YAk , HAavhixil A AR Fl, A mEsd

H AR

The solution used for cleaning the substrate can be ethanol, and the third device can be an

ultrasonic oscillator.

BREMBNARAAZE, BE-REEFABEREZR.

In step 220, polyethylene glycol serves as the carbon source for the nano-sized iron oxide
rods, while the metal catalyst compound can also be iron(lll) oxide hydrate (FeO(OH)) or ferric

nitrate hydrate (Fe(NO3)3 - 9H20).

TED0FMRZ _ERIEARKKALEZFENRIR, MEBEIELSYIRASIELE(Iron(1l)

Oxide Hydrate; FeO(OH))=kf#EL$E (Ferric Nitrate Hydrate; Fe(NO3)3. 9H20),
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The fourth device for heating the aqueous solution in step 230 can be a heating stirrer. The
temperature of this heating stirrer is set to approximately 70 degrees Celsius, and it stirs the

solution until it becomes a viscous mixture.

FR2B0PMAKBRZ BLEEA BMPURHEE, LMPRHBNVEERENSBRT0E, LEE

ETRHEEEEKAREMMRR ZESY.

The fifth device in step 240 can be a spin coater, which can uniformly coat a viscous mixture

onto a substrate to form a precursor.

SE240P R E H R B A A e E M (Spin Coater), LR MIE TR RS EGIE

M L2 A BIBEY )

Place the precursor at room temperature and allow it to dry until the weight of the precursor

no longer decreases.

RIERMERER T, ETLZEREEERIEYESEFRFRD AL,
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The sixth device in step 250 can be a high-temperature furnace. When the high-temperature
furnace operates under the set reaction heating conditions, the polymer compounds and
metal catalyst compounds in the precursor will undergo solvent removal, hydrogen removal

and thermal decomposition, thereby reacting to generate multiple nano-sized iron oxide rods.

SEI0PNFEAEET A LE, ESRERERTENRETRBIFGEER, RPN Fi

BYEEBREENSYEETERE. RERARBEER, EMREBERERERAKRECEE,

The reaction heating conditions of this high-temperature furnace are a heating rate of 20
degrees Celsius per minute (20°C/min), a reaction temperature of 350 to 750 degrees Celsius,

and a constant temperature time of 4 hours.

b= RENREFRFH AR RERRAEHIE EFREK20E(20°C/min), REREAEEEK350E750

B, mRRERIZR4 N,

Referring to Figure 3, thisimage is a photograph taken with a scanning electronic microscope

(SEM).
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ZHRE3E, ItEAREEFEBEMEE(Scanning Electronic Microscope; SEM)FRiREZ BB,

As shown in the figure, the diameters of the various nano-sized iron oxide rods generated on

the substrate range from approximately 8 to 70 nanometers.

FRESEH, TEM LFTERZZSBETHRAREANEZE, HETIMHAORSEITOERK,

By changing the reaction heating conditions of the high-temperature furnace, the diameter of

the generated nano-sized iron oxide rods can be controlled.

ENEERE REFRIFE, FIREMITRIERFRERALEEZ B,

As can be seen from the above preferred embodiments of the present invention, the present

invention has the following advantages compared with conventional methods:

A ERASEBABREBRMGIAIA, AT BRRAR T7IBE:
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The process operates at a low reaction temperature, requiring only 300 to 400 degrees
Celsius, far lower than the commonly used 600 to 800 degrees Celsius, thus significantly

reducing the energy consumption required.

NIENRERER, EFRME300E400E, ERERANRK600ES00ERR, HAAFEHEEZERTT

fERET S,

Polymer materials used as carbon sources for nano-sized iron oxide rods are inexpensive, and
low-carbon steel materials used as substrates are also much cheaper than pure iron

materials, so the overall material cost is more economical than conventional materials.
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ERRARRENEFRZ S 2 FMEHERRER, BEFAEM 2R taSEMRERES,

SERYIF s E RS,

Because polymer materials and metal catalyst compounds can be dissolved in distilled water

at room temperature, the preparation process of the precursor is quite simplified.

EEn FMH s BEE A SYERR TEIRAIRZMEK, ErRYNREREEZERK.
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When the precursor is heated in a high-temperature furnace, no special atmosphere is
needed to control the reaction, and the reaction time is shorter. Compared with the

conventional method of requiring oxygen and long-term high-temperature reactions, the

safety of the process is greatly improved.

RSB E I S RE P INARER, THEBANFHNRAMEHIRE, BERERERE, DEAFTBEN

=

SRAEKESEREERZT, RENT2EABRES.

This invention can produce nanoscale iron oxide rods with a diameter distribution of 8 to 70
nanometers, which is much smaller than the 30 to 70 nanometers produced by conventional

oxidation methods. Furthermore, nanoscale iron oxide rods of different diameters can be

grown by temperature control.
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RERATENBEEDIMRSETORRZFRRENEE, RERANWEZI0ETORAKMBLLENFS,

BEmREEHI T ERFAAEEZFREALEE,

Although the present invention has been disclosed above with reference to a preferred
embodiment, it is not intended to limit the present invention. Anyone skilled in the art may
make various modifications and alterations without departing from the spirit and scope of the
present invention. Therefore, the scope of protection of the present invention shall be

determined by the appended patent application.

HAREAB LU —BREERGBEN L, ZAHTIFRALUIREARZEHR, TARABIRES, £ RS
HPAZEHNEERN, EnERRZBEEEN, RItARAZ RECEERRMZRREHEEFR

REERE,

100... Manufacturing Method

100 - - - BHEFHE

110... Steps
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110« - - HB&

120... Steps

120+ - - BB

130... Steps

130« - - HER

140... Steps

140 - - - 5B

200 - - - Manufacturing Method

200 - - - BUEHE

26-08-2026 - Page 21



210+ - - Steps
210~ - - B
220+ - - Steps
220+ « - HBE
230+ - - Steps
230 + - HEE
240... Steps
240« - - FEE
250... steps
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250« - - T

To make the above and other objects, features, advantages and embodiments of the present
invention more apparent, the accompanying drawings are described in detail below: Figure 1
is a flowchart (a) illustrating a method for manufacturing nano-sized iron oxide rods

according to a preferred embodiment of the present invention.

HENERAZ CAMEMEN. 156, BREEEYEERESE, FIMEINZFEREImT: £l

Bl RE KR A A —RERRGIH — R KRR EERIE S EZ MR (—).

Figure 2 is a flowchart (Il) illustrating a method for manufacturing nano-sized iron oxide rods

according to a preferred embodiment of the present invention.

F2EFRB TR ALA—REBRIIN—BRRRALEERES A ZREE (D).

Figure 3 is a photograph taken with a scanning electron microscope of the nanoscale iron

oxide rod produced by this invention.
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FIBARAREINE FRMRRBAEAENNR R NEEZRA,
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