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DESCRIPTION CN118387891A

Preparation method of metal boride water electrolysis catalyst and flash evaporation Joule

heating technology

T BRI R KENT RINZEEE R AT &5 A

[0001]

Technical Field
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ARG

[n0001]

This invention relates to the field of inorganic functional materials technology, and in
particular to a method for preparing a metal boride electrolysis water catalyst using flash

evaporation Joule heating technology.

AKRBRIS R TANNBEM R BRI, 155078 N B BRI A E SR B AR FI & 75
o
[0003]

Background Technology

BREEA

[n0002]

With social development and population growth, energy consumption is increasing, and
energy mainly comes from traditional fossil fuels (coal, oil, natural gas, etc.). Therefore, it is

necessary to find clean and renewable energy sources.
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fEEH=NERE, AOMENM, R EEtERIES, MiERFEEZREBEANKAIAEI(E. AH.
XARE), b, EEIFNEE. TEENER.
Hydrogen, as a clean energy source, produces zero pollution upon combustion and is widely

regarded as an ideal clean energy carrier.

HSSEN—MEERIR, MIRFERILUARIZSE, #® 2 A—TIEERE S IRE A,
Industrial methods for producing hydrogen mainly include methane steam reforming, coal
gasification, and water electrolysis. The first two methods produce the greenhouse gas

carbon dioxide, and the production process still consumes fossil fuels.

mIl FHIEESNAEEETEERRZERE. BERUIENERK, HPaiRMas=dtaExEm_
ik, FHEHEIRKIBSHEELARE,

Electrolysis of water is the most ideal method for producing hydrogen. Among the traditional
electrolysis catalysts, platinum has the best properties, but it has drawbacks such as high

price and low reserves. Therefore, in order to improve conversion efficiency, a suitable non-

metallic water electrolysis catalyst is proposed.

BRI SRRNEBNGEIESZE, ERERNEFKECTIPHIERRNR, EREENHREES,

EELFRE. Alt, ATRESZUUER, REEEHIFERE BFKENLT.
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[n0003]

Currently, metal sulfides (such as MoS<sub>2</sub>, WS<sub>2</sub>), carbides (W<sub>2<
/sub>C, Mo<sub>2</sub>C), nitrides (such as NiMoN<sub>x</sub>/C), phosphides (such as
Ni<sub>2</sub>P, MoP), and borides (such as Mo<sub>2</sub>B, MoB) can all be used as

catalysts for hydrogen production through water electrolysis.

Bail, £BHREYI(IIMoS<sub>2</sub>, WS<sub>2</sub>), mx#1(W<sub>2</sub>C.
Mo<sub>2</sub>C), &&¥I(ANiMoN<sub>x</sub>/C), k4 (&Ni<sub>2</sub>P. MoP),
MR (ANMo<sub>2</sub>B. MoB)Z#Fa] LU BARKHI S EMN .

Among them, metal borides are a new type of metal borides that have attracted great
attention in the fields of chemistry and materials science. Among them, the borophene
structural units and metal-metal bond structure of metal borides have excellent electron
transport capabilities, making them a potential material for hydrogen production through
water electrolysis. However, borides are more difficult to synthesize than carbides, sulfides,
and phosphides. At present, metal borides have the following main problems: (1) They are

difficult to synthesize, requiring high temperature and high pressure, which takes a long time.

Heh g Bl YIR—Mi <N B, EUFUNRMHFIERIIRAM KT, BRI

YIhGEH R TR -EBREN, MEBNRNEF TG, B—EERNEAKREE S
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Mkl BRBRTMAYELLTmAY. R, BaicE—E. Brl, TRMUYEEFEU

TR (1)&M, EEE=EEETEM, FEiTK.

(2)

High temperature and high pressure will result in larger particle size, producing mixed phase
products, and impurities are not easy to remove. Therefore, we propose a method for
preparing a metal boride electrolysis water catalyst using flash evaporation Joule heating
technology, which can reduce preparation time and energy consumption, and can prepare

pure phase metal borides.

SaEESSERERK, FERGHESY, ®*EA5ER. RAlt, BlliRb—FsREM Bz

i}

KT N Z R ERSARGIE 75, BEBR D HIEIIE AR, FEREBRIEAENEZREML
o
[0006]

Summary of the Invention

RBPAAR

[n0004]
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In view of this, the purpose of this invention is to propose a method for preparing a metal
boride electrolysis water catalyst and a flash evaporation Joule heating technique, which can
reduce the preparation time and prepare pure phase metal borides, effectively solving the

technical problems in the background art.

BETI, mLZANBNETIRESEMAYIBBEKENTIRNZEERRAGIESE, 8

&igE], BeEBHISAENEEILY), FIUAERERE REAPRIH AR,

[n0005]

The further defined technical solution of this invention is: a method for preparing a metal
boride catalyst using flash Joule heating technology, wherein a metal salt and a boron source
are ground and mixed, placed in a Joule heating reactor and sealed, evacuated, and then a
gas is introduced for heating to obtain a metal boride; this invention mainly adopts a one-step
grinding process to obtain a solid powder precursor, and then obtains the metal boride

catalyst by flash Joule heating in a gas.

FEBENE-TRENKALTERERZ: SRMUDELTIRNEZEERAEATESZE, HBEIERE
. WRHTHERS, ETEEARNEERHTER, MET, MEEANSE, #HITMHR, T2
TR, SRBAXEXRA-THRESEIBEGEHRIEY, ARESEPEINZEERINANT

N2 =B s,
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[n0006]

The beneficial effects of this invention are:

FEPNB TR RE

[n0007]

(1) The metal salt and boron source provided by the present invention are ground and mixed,
placed in a Joule heating reaction device for sealing and vacuuming, and then gas is
introduced and heated to obtain a metal boride catalyst. The present invention obtains a
solid powder precursor by one-step grinding, and then obtains metal boride by flash
evaporation Joule heating in an atmosphere. The present invention mainly obtains metal
boride by flash evaporation Joule heating technology. The material preparation method is
fast, simple and green, which can reduce preparation time and energy consumption, and can

prepare pure phase metal boride.

(1)AREBRENEREE. WRAITHERS, ETEEARNEERHITED. AT, MEEN

Sk, #ITIHR, [EIZEMEYENLT; KAREIRAB—THESIIBEFRMARRERY), ARES
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RPESNREFERNANASNFEEEH Y, SARFEEIHNREERRAS NGB
Y], MERIESEARE. B8, F6, SR/ RIENEILKRERE, HARBHSAENEEHT

o

[n0008]

(2) The flash Joule heating provided by the present invention has a heating temperature of
700-1100°C and a heating time of 5s-125s. The flash Joule heating temperature and time are
conducive to rapid heating, thereby reducing the preparation time. And by rapidly cooling
down, the generation of crystalline nanocrystals is promoted, thereby improving the stability

of the catalyst in the hydrogen evolution reaction of water electrolysis.

ERIAVER, EMiEEELTITERRKITERMAIRE M,

[0012]

Attached Figure Description

P I35t R
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[n0009]

To more clearly illustrate the technical solutions of the embodiments of the present invention,
the accompanying drawings used in the embodiments will be briefly introduced below. It
should be understood that the following drawings only show some embodiments of the
present invention and should not be regarded as a limitation of the scope. For those skilled in

the art, other related drawings can be obtained from these drawings without creative effort.

AT ERRBMB AR LZBALES IR AR, FTERNEES PR EEANME (FRE T
A, MEEE, UTHWEMRRHT ARBERNELELES, RERNEEFERIEEIRE, T4

EERRARAGIKHE, EATHENEMSEAIHRT, Er LURIEX LM EIRF H AR XM E,

[n0010]

Figure 1 is an X-ray diffraction pattern of the noble metal boride (RuB<sub>2</sub>) prepared

in Example 1 of this invention;

E124 4B, LHEH1HIZFEIMNREEMAYI(RuB<sub>2</sub>)BIXG & HT5TE;

[n0011]
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Figure 2 is a transmission electron microscope image of the noble metal boride (RuB<sub>2<

/sub>) prepared in Example 1 of this invention;

L

B2 &R, SLhEf1%I&ESEIRSE B EY(RuB<sub>2</sub>)RyEST EBIRE;

[n0012]

Figure 3 is the X-ray diffraction pattern of the alkaline earth (CaB<sub>6</sub>) and transition
metal borides (TiB<sub>2</sub>, VB<sub>2</sub>, CrB<sub>2</sub>) prepared in Examples 2-

5 of this invention;

EI3RAABAF, SLhfl2-5%1F1S IRV £ (CaB<sub>6</sub>). T E=RBMHKYI(TiB<sub>2<

/sub>. VB<sub>2</sub>. CrB<sub>2</sub>)BIXItZ&;T51E;

[n0013]

Figure 4 is the X-ray diffraction pattern of the rare earth metal borides (LaB<sub>6</sub>,

CeB<sub>6</sub>) prepared in Examples 6 and 7 of this invention;

B4 &, LrEfl6. THIFSEIBNHELTEEMAYI(LaB<sub>6</sub>. CeB<sub>6</sub>)

BOXEH TSI ;
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[n0014]

Figure 5 shows the polarization curve of the noble metal boride (RuB<sub>2</sub>) prepared

in Example 1 of this invention under acidic conditions.

El5EA&BAF, SLhfl1PHER[EINIRTBMEYI(RuB<sub>2</sub>)TEER M A TRITR LR

;

[n0015]

Figure 6 shows the polarization curves of the noble metal boride (RuB<sub>2</sub>) prepared

in Example 1 of this invention under neutral and alkaline conditions.

2B (RuB<sub>2</sub>)7EH 4. B4 FM4 TRIRIL

i

Bl A ABAH, SLhEfl1Hl&ESEIRY

HAZk;

[n0016]

Figure 7 shows the stability curve of the noble metal boride (RuB<sub>2</sub>) prepared in

Example 1 of this invention for hydrogen production by electrolysis of water in acidic solution;
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Bl7TRA%PAF, SLhEfllHl&ER[EIMSREEM Y (RuB<sub>2</sub>)EER 4 7A R - EBEKE S

TEHAZE;

[n0017]

Figure 8 is the XRD pattern of the noble metal boride (RuB<sub>2</sub>) prepared in

Comparative Example 1 in this invention;

B8 A &R, XLbHl1HIERFENIREEBMLYI(RuB<sub>2</sub>)AIXRDE;

[n0018]

Figure 9 shows the polarization curve of the noble metal boride (RuB<sub>2</sub>) prepared

in Comparative Example 1 under acidic conditions in this invention.

EOZRALAF, LbHllHER[ENTERBMUYI(RuB<sub>2</sub>)7EER1E FH TRITRLRELE,

[0023]

Detailed Implementation

BiALER
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[n0019]

To make the objectives, technical solutions, and advantages of the embodiments of the
present invention clearer, the technical solutions of the embodiments of the present
invention will be clearly and completely described below with reference to the accompanying
drawings. Obviously, the described embodiments are only some embodiments of the present

invention, and not all embodiments.

ANERZALBALINBERN., RAAENMAREIMEE, TERESAKALEHS NPRIME,
EALHEA PR ARAFZHITER. TR, B8, RN KERNERLB—E 5 KA
I, MABEEBRIERT o

Based on the embodiments of this invention, all other embodiments obtained by those skilled

in the art without creative effort are within the scope of protection of this invention.

BETFARLZRAFNLMEAL I, RAAUHEBERAARTESE FHENEESohRIIE FRIRIGRIFRE HEithStht
A, #ETARRBERIFEGEE.,

Therefore, the following detailed description of embodiments of the invention provided in the
accompanying drawings is not intended to limit the scope of the claimed invention, but

merely to illustrate selected embodiments of the invention.
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Fitb, LAFIS7EME AR A BRI SE e 5 TRV iF iR H I B ERTI B R RIPH A A BBRYER,
MR T A& BARERE K7 2o
Based on the embodiments of this invention, all other embodiments obtained by those skilled

in the art without creative effort are within the scope of protection of this invention.

BETFARRAFHNLES, ATAEBRAAREREFLEIEESEIRIR FFERFRFE Hth ik

AR, HETARRARIFBER,

[n0020]

The present invention provides a method for preparing a metal boride electrolysis water
catalyst and a flash evaporation Joule heating technology, comprising the following steps:
grinding and mixing a metal salt and a boron source, placing them in a Joule heating reaction
device for sealing, evacuating a vacuum, then introducing gas and heating to obtain a metal

boride catalyst.

ARPASCHEGIIR AR . SR BAKENTIRNZEERARAFETZE, SREUTIER: ¥
BE. WRETHERS, ETEEARNEEFTHITEY, HES, MEBANTUE, #HITHHR, 7

2= B

[n0021]
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Preferably, the heating temperature of the Joule thermal reaction device is 700-1100°C, and
the heating time is 5s-125s. The Joule thermal flash pulse is an ultrafast high-temperature
calcination technology. Its millisecond-level current pulse passes through the precursor,
making the sample temperature reach ultra-high temperature (>3000K), and then rapidly

cools it to room temperature (10<sup>4</sup>K/s).

ERMIER, EEHRRNEENMNFRET00-1100°C, MNFHRAVETE]/95s-125s, HAEEMIAZRK
AE—MEREREERA, HEWREROMEITRIRGE, EFmEEARBER(>3000K),
SRETRER S ENENZ= B (10<sup>4</sup>K/s)o

Rapid, instantaneous high temperatures and rapid temperature rise and fall rates allow the

reaction to be completed in a few seconds to tens of seconds.

HRIE A BBl = E S A PR IR R AE i ;e N7 T LA B L +FP BI eI SE ko

Meanwhile, the second-level calcination time can effectively avoid phenomena such as
sintering and agglomeration of active components caused by long-term heat treatment,
ensuring the rapid and effective dispersion of active atoms, thereby effectively controlling the

microstructure, composition and structure of the synthesized material.
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[EIEY, FOLRIBIGRET BRI G RKATEIANIES | RBEE A D RS, FRFNR, KRIETEERFH
RiE, BMOE, MMAIERIE SRR SR, ApFEaE,

The heating temperature and time facilitate rapid heating, thereby reducing the preparation
time; and the rapid cooling promotes the formation of crystalline nanocrystals, thereby

improving the stability of the catalyst in the hydrogen evolution reaction of water electrolysis.

HNARGRE UL EIEM FEEHITREAR, #TAHEHNK; FaIRRER LM, (B
HERRKBNRERN, HMRSELTITERBEKTERNAREE,

Preferably, the heating temperature of the Joule heating apparatus is 800°C.

iRy, EERRNEENMACEE800°C,

[n0022]

Preferably, the metal salt includes one or more of sulfates, chlorides, and ammonium salts.

ERER, SRAEBEMKRE. [N, BEPH—FIZH.

Preferably, the metal salt is a chloride salt.

fEry, EREHAIUE,
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[n0023]

Preferably, the boron source is one or more of boron powder, sodium borohydride, boron

hydride, boric acid, and boron trichloride.

TERMER, TR, MEhm. Sl MR, =PI —E 1,

Preferably, sodium borohydride is used as the boron source, in which sodium ions in sodium
borohydride combine with chloride ions in the precursor to form sodium chloride. Then, at a
reaction temperature greater than 700°C, the sodium chloride volatilizes, so it will not remain

in the product sample, thereby improving the purity of the product.

iRy, WRERWMEAm, EPMSAmPNmEFSRRERPHNIBEFESTASIKI, METE

RMEEARFT00°C, |UMAEELR, RASABECmFERT, HMES~ mAVAEE,

[n0024]

Preferably, the metal salt is ruthenium trichloride and the boron source is sodium
borohydride; preferably, the molar ratio of ruthenium trichloride to sodium borohydride is 1:2-
2.2, which is conducive to the full reaction of the metal salt and the boron source and does not

produce other by-products.
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ERRER, ERFHA=]HKE, WRAMEMI; i, =M SWMEHMRIERIL AL 2-
2.2, HEREMIGEEBNEBHSWIRENTD RN, RreEEHEI~.
Preferably, the upper limit of the Joule heating reaction temperature is 750-850°C, and the

heating time is 5s-70s.

ik, EERRNBEE EPRIT50-850°C, NNFARIRY{E]I/95s-T0s,

Preferably, the current is 60-90A and the voltage is 10-40V.

L3Ry, EBRAIA/NA60-90A, EBERIA/NA10-40V,

[n0025]

Preferably, the gas atmosphere is one or more of argon, nitrogen, and hydrogen.

ERfER, SBEREATS. AR, SSPFR—FE/ 1.

m

Argon and nitrogen are inert gases. When the boron source is sodium borohydride, boron

hydride, boric acid, or boron trichloride, the boron source and metal salt can react directly.
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Hydrogen is a reducing gas. When the boron source is boron powder, hydrogen can reduce
the boron powder without the need for impurity removal. Preferably, the gas atmosphere is

nitrogen.

H@[SS5RS[BTHEESE, SHRRAMSLm. SHMl. M=, MRSEEHkE
BEEHITRN; MEIANRRESE, SERAERE, SEEBRWPHHTER, MAFEHT

fRor; RAMIER, SEREARS.

[n0026]

Preferably, the metal boride catalyst has the structural formula MxBy, where M includes Mg,

Ca, Ti,V, Cr, Mn, Fe, Co, Ni, Sr, Y, Zr, Nb, Mo, Hf, Ta, W, Re, Ru, Rh, Pd, Os, Ir, La, Ce, Pr, and Nd.

TERMIER, ERMECENTINGHNIMXBY, FriAMEEMg. Ca. Ti. V. Cr. Mn. Fe.

Co. Ni. Sr. Y. Zr. Nb. Mo. Hf. Ta. W. Re. Ru. Rh. Pd. Os. Ir. La. Ce. Pr. Ndo

[n0027]

The present invention is an improvement on the metal boride catalyst.

A &RPRIENEGHBZ T B LE L
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[n0028]

As a further improvement, this invention relates to the application of metal boride catalysts in

hydrogen production through water electrolysis.

RPRIENE—D BT B IR IE I TE B K RAERI S PRI A,

[n0029]

Example 1

KRt 1

[n0030]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:

— T BB ENTI RNZEERERAGEGE, SEUTIER:

[n0031]
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Weigh 118 mg of ruthenium trichloride and 45 mg of sodium borohydride into a mortar and
grind for 1 minute to mix them thoroughly. Place the uniformly mixed and dried mixture into a
Joule heating reaction mold and shake it to spread it evenly in the mold. Then fix the Joule
heating reaction mold in the Joule heating reaction device, seal it, and evacuate or introduce

nitrogen gas for a period of time to remove the air from the device.

FREX118mg=R i1 4A5mgiSINE FRsEP, HITHELmIn, FEHFITRDESIYS, BE
BEY, Y9 ESETRNESYETEEHARMERRA, IKZELIYOMTHERAR, MER

FEHARMBREBEASEEMRRNEERN, #TEH, METIEN—RNERSHFRRETIT

o

The current was set to 70A, the voltage to 40V, the heating time to 60s, and the upper
temperature limit to 800°C. The Joule heating reaction was carried out by applying electricity.

After the reaction was completed, ruthenium diboride was obtained and taken out for use.

Hoh B m A GERNT0A, BEIGENA0V, INFETEH60s, ;BE _FIRIGEN800°C, @HEHITEER

MR, FRNERRE, SEIZHLE, BREEH.

[n0032]

Example 2
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SEEf5)2

[n0033]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:

—HhE BB EKENTI RRNZERERESAHEGE, SEUTIER:

[n0034]

Weigh 118 mg of calcium dichloride and 242 mg of sodium borohydride into a mortar and
grind for 1 minute to mix them thoroughly. Place the uniformly mixed and dried mixture into a
Joule heating reaction mold and shake it to spread it evenly in the mold. Then fix the Joule
heating reaction mold into the Joule heating reaction device, seal it, and evacuate or

introduce nitrogen gas for a period of time to remove the air from the device.

MREX118mg — =TS, 242mgi S ME T HRsATR, #ITHELmIn, EEHITRDIESHS, [E
BEY; BIYREGETRIESYETEEARNERANRN, HERSSMMFHERESR, MERK

FEARMEBABEAEERRNEER, #TEH, METIBN—RFERTHFEEFHT

“\o
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The current was set to 70A, the voltage to 47.5V, the heating time to 60s, and the upper
temperature limit to 800°C. The Joule heating reaction was carried out by applying electricity.

After the reaction was completed, calcium hexaboride was obtained and taken out for use.

HABERAIIKENTOA, BEIKENAT.5V, MAIEN60s, RE ERIZENB00°C EEHAITEER

MR, FRNERRE, FEIZNEELES, REEAH;

[n0035]

Example 3

SEhtEf)3

[n0036]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:

—ThE BB ENTI RNZEEREAREGE, SEUTIER:

[n0037]
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Weigh 108 mg of titanium tetrachloride and 103 mg of sodium borohydride into a mortar and
grind for 1 minute to mix them thoroughly. Place the uniformly mixed and dried mixture into a
Joule heating reaction mold and shake it to spread it evenly in the mold. Then fix the Joule
heating reaction mold into the Joule heating reaction device, seal it, and evacuate or

introduce nitrogen gas for a period of time to remove the air from the device.

MREX108mglU SR 103mgi S ME T HRsATR, #HITHELImIn, EEHITRDIESHS, [E
BEY; BHRESATRIESYETEEARNIEAR, K7 EHSYSIMTHERAS, MER

FEARNMNEABEREREARNEEA, #HITEH, METIEN—RNEASHREETNT

o

The current was set to 70A, the voltage to 47.5V, the heating time to 60s, and the upper
temperature limit to 1000°C. The Joule heating reaction was carried out by applying
electricity. After the reaction was completed, titanium diboride was obtained and taken out

for use.

HA R/ MENT0A, BEIKENAT.5V, MAYEN60s, BE ERIEE/1000°C, @EHEHTT

FREARN, FRNERRE, SEIZMER, BEEH.

[n0038]

Example 4
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SEHEfl4

[n0039]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:

—ThE BB ENTI RNZEEREAREGE, SEUTIE:

[n0040]

Weigh 30 mg of vanadium trichloride and 15 mg of sodium borohydride into a mortar and
grind for 1 minute to mix them thoroughly and evenly. Place the evenly mixed and dried
mixture into a Joule heating reaction mold and shake it to spread it evenly in the mold. Then
fix the Joule heating reaction mold into the Joule heating reaction device, seal it, and

evacuate or introduce nitrogen gas for a period of time to remove the air from the device.
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MREX30mg =R 15mgiSLAE TR, #HITHELImIn, EEEITRDEEGHS, FEIR
BY);, SRS ETRNWESYETEERARNEAR, RZEEHYSMTHERAESR, MEHE

BEARNMRABEEEEARNEEAR, #1TEH, METHEN—REERSHAFREERHNT

o

The current was set to 70A, the voltage to 47.5V, the heating time to 60s, and the upper
temperature limit to 1000°C. The Joule heating reaction was carried out by applying
electricity. After the reaction was completed, vanadium diboride was obtained and taken out

for later use.

HAERA/NMGENTOA, BEIRENAT.5V, MAIEIAN60s, 2E ERIKEN1000°C, BEFHIT

FEARN, FRNERRE, SEIZMER, BEEH,

[n0041]

Example 5

K5

[n0042]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:
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—ThE BB REKENTI RNZEEREAREGE, SEUTIE:

[n0043]

Weigh 30 mg of chromium trichloride and 15 mg of sodium borohydride into a mortar and
grind for 1 minute to mix them thoroughly. Place the uniformly mixed and dried mixture into a
Joule heating reaction mold and shake it to spread it evenly in the mold. Then fix the Joule
heating reaction mold into the Joule heating reaction device, seal it, and evacuate or

introduce nitrogen gas for a period of time to remove the air from the device.

FREX30mg=R b8, 15mgiS B TR, #HITHELImIn, FEBHITRIESYS, BEIR
&Y, B ESETENESYMETEERRNIERER, KZELIIMFERHEERESR, MERKE

BEARNMRABEEEEARNEER, #1TEH, BHETHEN—REERTHFREERNT

o

The current was set to 70A, the voltage to 47.5V, the heating time to 60s, and the upper
temperature limit to 1000°C. The Joule heating reaction was carried out by applying
electricity. After the reaction was completed, vanadium diboride was obtained and taken out

for later use.
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HBRA/SENTOA, BEIRENAT.5V, MHAEN60s, B2E ERIREHN1000°C, BHEHIT

FEARN, fRNERE, [FEIZHMAH, BREFA.

[n0044]

Example 6

SEhtEf516

[n0045]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:

—ThE BB ENT RNZEERRATE A, SEUTIER:

[n0046]

Weigh 78 mg of cerium chloride and 72 mg of sodium borohydride into a mortar and grind for
1 minute to mix them thoroughly. Place the uniformly mixed and dried mixture into a Joule
heating reaction mold and shake it to spread it evenly in the mold. Then fix the Joule heating
reaction mold into the Joule heating reaction device, seal it, and evacuate or introduce

nitrogen gas for a period of time to remove the air from the device.
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FREX7T8mgRLih. T2mgliS B TR+, #HITHELmin, FEHHITROREYS, [EES
Y, B9 REETIRMESYETEEARNEAR, KHEEYSMTHEERAS, MEREE
ARNEABEEEEARNEERN, #HITEH, HETHEBA—RNERSHREETHNTE S,
The current was set to 60A, the voltage to 40V, the heating time to 120s, and the upper
temperature limit to 750°C. The Joule heating reaction was carried out by applying electricity.

After the reaction was completed, cerium hexaboride was obtained and taken out for use.

HAPBRRAIGENCOA, BEIZENAOV, MAETEN120s, RE LPRIEENTS0°C, BEHFHITE

BARN, fRNERG, [N, REFA.

[n0047]

Example 7

SEhEf T

[n0048]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:
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—ThE BB EKENTI RNZEEREAHEGE, SEUTIER:

[n0049]

Weigh 33 mg of lanthanum chloride and 43 mg of sodium borohydride into a mortar and grind
for 1 minute to mix them thoroughly. Place the uniformly mixed and dried mixture into a
Joule heating reaction mold and shake it to spread it evenly in the mold. Then fix the Joule
heating reaction mold into the Joule heating reaction device, seal it, and evacuate or

introduce nitrogen gas for a period of time to remove the air from the device.

MREX33mgR iR, 43mgliS N E FsAd, #HITHELImMIn, FEFTRIESIIS, FERE
¥, BIYSREETIRNESYETEEARNEAR, KHEREYSMTHEERAS, MEREE
ARMZEABETEERRNEEN, #ITEH, HETIHEN—BRREASHFREEFHNTS.
The current was set to 60A, the voltage to 40V, the heating time to 100s, and the upper
temperature limit to 800°C. The Joule heating reaction was carried out by applying electricity.
After the reaction was completed, lanthanum hexaboride was obtained and taken out for

later use.
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HAERA/NMGENGCOA, BEIGENA0V, NNFAEEN100s, 'RE LRIZEE /800°C, B@EHITE

BARN, GTREERRE, SEI7<HHE, BEER.

[n0050]

Comparative Example 1

XFEbfIL

[n0051]

A method for preparing a metal boride water electrolysis catalyst using flash evaporation

Joule heating technology includes the following steps:

—ThE BB ENT RNZEERRATE A, SEUTIER:

[n0052]

(1) Weigh 118 mg of ruthenium trichloride and 45 mg of sodium borohydride into a mortar and
grind for 1 min to mix them thoroughly and evenly to obtain a mixture; place the evenly mixed
and dried mixture into a crucible and then place it in a muffle furnace for heating for 30 s-120 s
at a temperature of 800 °C. After the reaction is complete, ruthenium diboride is obtained and

taken out for use.
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(1)FREX118mg =S5l 45mgliSMETHisAH, HITHELImin, FHHATRDESYSY, 7
REY); BHSRGETENESYRETIHIRTR, MEHITHRETIFHIPE, FEITMH, MHAET

[8]7930s-120s, MNFAELEENB00°C, FRNERE, SEIZHLE, BHERFA.

[n0053]

Application Example 1

Rzl

[n0054]

In this application example 1, the metal borides prepared in Examples 1-7 and Comparative
Example 1 were ground into powder, and then the ground samples were pressed into sheets

and placed in an XRD diffractometer for characterization, resulting in Figures 1, 3,4 and 8.

AN RGBSR LR HI1-7 AR b AR Z RS B CIEITHERR, MERHRERNF®

ERIS, BB FXRDITEHUAHITRIAE, [EIEL E3. B4, B8,

[n0055]
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Figure 1 shows the X-ray diffraction pattern of the metal boride RuB<sub>2</sub> prepared in
Example 1. As can be seen from Figure 1, the metal boride RuB<sub>2</sub> prepared in
Example 1 is a pure phase. Figure 3 shows the X-ray diffraction patterns of the alkaline earth
metal borides CaB<sub>6</sub> and transition metal borides TiB<sub>2</sub>, VB<sub>2<
/sub>, and CrB<sub>2</sub> prepared in Examples 2-5. As can be seen from Figure 3, the
alkaline earth metal borides CaB<sub>6</sub> and transition metal borides TiB<sub>6</sub>
and CrB<sub>2</sub> prepared in Examples 2-5 are... 9_, VB<sub>2</sub>, and CrB<sub>2<
/sub>are pure phases; Figure 4 shows the X-ray diffraction patterns of rare earth metal
borides LaB<sub>6</sub> and CeB<sub>6</sub> prepared in Examples 6 and 7. As can be
seen from Figure 4, the rare earth metal borides LaB<sub>6</sub> and CeB<sub>6</sub>
prepared in Examples 6 and 7 are pure phases; Figure 8 shows the X-ray diffraction pattern of
ruthenium diboride RuB<sub>2</sub> prepared in Comparative Example 1. As can be seen
from Figure 8, the metal boride RuB<sub>2</sub> prepared in Comparative Example 1 is a

non-pure phase.

Bl 19 SLHEf) 15 & IRF B YIRUB<sub>2</sub>MIXSHELHTATE], FEI1HA] LA HSLhEEI1
HIERFHIZEMLYIRUB<sub>2</sub>A4t8; E3ALifF2-5%&S2RVEHE LB Iy

CaB<sub>6</sub>LU KT B EMKYITiB<sub>2</sub>. VB<sub>2</sub>. CrB<sub>2</sub>
BIXSTERATEIE, B3R RILIE HSLhaf)2-56 & RS8R+ 2B L ¥ICaB<sub>6</sub>LIkid

EEEMAYITiB<sub>2</sub>. VB<sub>2</sub>. CrB<sub>2</sub>f4it8; B4} LHE{516.
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SHEG T EIFIRENFE T S EMYILaB<sub>6</sub>. CeB<sub>6</sub>BIX51£k{ 791 E, HE4
A AFHILMEGI6. SLHEFITHIEIRGHNE LB YILaB<sub>6</sub>. CeB<sub>6</sub>Jy4i
¥8; E8JXTLLBI1EIZIREBM ML ETRuB<sub>2</sub>BIXST& 5159 E, HAEISEl LUEFH FtELHI1

HIERENATREMAYIRUB<sub>2</sub>/9 LM,

[n0056]

Application Example 2

Rz Faf12

[n0057]

In this application example 2, the metal boride prepared in Examples 1-7 was cut into a size of
1lcm X 1cm and then placed under a transmission microscope for testing, resulting in the

transmission electron microscope image of Example 1, as shown in Figure 2.

N RAGI2F A _EARSE RS - TRIEFEINE B AYIHTHE N Icm X IcemRT K/, MERETSE

SEMERHITINE, S2ISEHE RS BIRE, NE.

[n0058]
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Figure 2 on the left is a transmission electron microscope (TEM) image of the metal boride
RuB<sub>2</sub> prepared in Example 1; the morphology of the sample is composed of
particles with a size of 50-100 nm. Figure 2 on the right is a high-resolution TEM image that

further confirms that the synthesized sample is ruthenium diboride.

B2 M L 1% & RS2 B CYIRUB<sub>2</sub>RyE St BIREl; ¥ amAIAZER 7950-

100nmAYRIFERY, EREMASDIHESRER R #E—DIEBRERFmN ZMLsr.

[n0059]

Application Example 3

Rz FaI3

[n0060]

In this application example 3, the metal boride RuB<sub>2</sub> prepared in Example 1 was
dissolved in a 10 mg/mL mixture of water, alcohol, and Nafion, and sonicated for 30 minutes
to obtain a mixture. 10 pL of the mixture was dropped onto a conductive base such as a glassy
carbon electrode, carbon cloth, conductive glass, or titanium sheet, and dried to serve as the

working electrode.
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AN BB 513F A L hE B 1 B E IR BN B CIRUB<sub>2</sub>7 37AREF 10mg/mLEYIK. BZ.
nafionBGAR, BELE0SHE, [EEEGR; IOULESREMNERKKER. kh. SEE
B, KAENSEEM L, FTREFENIEER.

The reference electrode was saturated calomel, the counter electrode was a graphite rod, and
the electrolyte consisted of 0.5 M H<sub>2</sub>SO<sub>4</sub>, 1.0 M phosphate buffer
solution, and 1.0 M KOH solution. The polarization curves were then tested on an

electrochemical workstation, as shown in Figures 5, 6, and 7.

HpiafHRASLLER, AEHEAXTENR, BERN0.5M H<sub>2</sub>S0<sub>4</sub>. 1.0
MEEERLE AR, 1.0M KOHAR; MEETRAUFE T TIRCERZENIX, NES. E6LARE

1o

[n0061]

Figure 5 shows the polarization curve of the metal boride electrolysis catalyst RuB<sub>2<
/sub>in Example 1 for hydrogen evolution (HER) by electrolysis of water in acidic solution (0.5

M H<sub>2</sub>SO<sub>4</sub>).
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E579 L5t 1 B BB AR 7K fE L T IRuUB<sub>2</sub>TEER 14747 (0.5M H<sub>2<
/sub>S0O<sub>4</sub>)EBf#/K TS (HER)BIR 1L B Lk,

When the current density is 10 mA/cm<sup>2</sup>, the overpotential is 15 mV, exhibiting
properties similar to Pt (when the current density is 10 mA/cm<sup>2</sup>, the
overpotential is 17 mV); Figure 6 shows the polarization curve of the metal boride electrolysis
catalyst RuB<sub>2</sub>in Example 1 in 1M KOH/1M PBS solution. In 1M KOH solution,
when the current density is 10 mA/cm<sup>2</sup>, the overpotential is 110 mV; in 1M PBS

solution, when the current density is 10 mA/cm<sup>2</sup>, the overpotential is 75 mV.

HEREEH10mA/cm<sup>2</sup>BY, FEBEHN1I5MV, EELEP(EREENIOMA
Jecm<sup>2</sup>BY, SEBEANITMV)IIER; E69LhEH1EE MR KIELT
RuB<sub>2</sub>7£1M KOH/IMPBSA&RFRIRHILE, T£1IM KOHART, HHEREENI0MA
Jcm<sup>2</sup>BY, ITEFEA11I0MV; EIMPBSART, HERZEN10MA/cm<sup>2</sup>
BY, SEHENTSMV,

Figure 9 shows the polarization curves of comparative example 1 metal boride RuB<sub>2<
/sub>in acidic solution (0.5M H<sub>2</sub>SO<sub>4</sub>) during water electrolysis and

hydrogen evolution (HER).
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B9 L1 B YIRuB<sub>2</sub>7EER 14 /A% (0.5M H<sub>2</sub>S0O<sub>4</sub>)E8
fRIK AT S (HER) BItR L BE 4%

When the current density is 10 mA/cm<sup>2</sup>, the overpotential is 115 mV.

YHERZBE N10mMA/cm<sup>2</sup>ht, TEHEN115mV,

[n0062]

Figure 7 shows the overpotential and time curves of the hydrogen production reaction of
metal boride RuB<sub>2</sub>in 0.5M H<sub>2</sub>SO<sub>4</sub> solution, where the
current density is maintained at 10mA/cm<sup>2</sup>. This metal boride exhibits the
highest catalytic stability in the hydrogen production reaction environment under the test
conditions, and its catalytic performance remains stable for more than 20 hours,

demonstrating that the catalyst has good catalytic stability.

B 7 A= 5E512 B YIRuB<sub>2</sub>7E£7£0.5M H<sub>2</sub>SO<sub>4</sub>& &+ 89
EEARIK I SR B BB R R EARIFE10mA/cm<sup>2</sup>MI [k Rid BB BB el g4k ; ZE B
FiZNAFGTHRERNIMEFR, BERSHNEMRTEY, EEEMMEEBRE20/ N L,

KI BT BE RIFAENIRE M,

[n0063]
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The metal boride electrolysis catalyst and flash Joule heating method provided by this
invention involve a one-step grinding process to obtain a solid powder precursor, followed by
flash Joule heating in a gas atmosphere to obtain the metal boride. In acidic solution, the
catalyst can achieve a current density of 10 mA/cm<sup>2</sup>, with an overpotential as
low as 15 mV, and its catalytic performance can remain stable for more than 20 hours,

demonstrating that the catalyst has high catalytic activity and stability.

IR ERIR MR B (L) BB AR K I RN A R B PRSI & 75 75K A — T BTS2 E AR RA1IK
K, AESEFETEINZEERNMANANREEEMLY), EPEREERT, I5AZIER
HEE10mA/cm<sup>2</sup>, FrEdBARE15mV, BENEREREBIRTE 20/ L, RIME X
AT B S EATIEEMRE .

This catalyst reduces the hydrogen evolution overpotential of borides, and the rapid cooling
rate promotes the formation of crystalline nanocrystals, thereby improving the stability of the
catalyst in the electrocatalytic hydrogen evolution reaction. It can also reduce preparation

time and energy consumption, and can prepare pure-phase metal boride catalysts.

ZAEWFITER R EE BAURER, AFRF LMK HERIKENNER, EMRS
EFITEREMTERNPRIREN; HERBREDHIEIEILULEERE, BHEABENT BTy

1L
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[n0064]

The above description is only a preferred embodiment of the present invention and is not
intended to limit the present invention. For those skilled in the art, the present invention can

have various modifications and variations.

MU EFRIR N AZA A BBIASS A RME, HFABFRFIALE, WFARTABRARAGEKR, KL
BRR] LA EMERNE L,
Any modifications, equivalent substitutions, or improvements made within the spirit and

principles of this invention shall be included within the scope of protection of this invention.

RESRLZBREHNERNZA, FrENEAER. FRER. UiF, YNEEERRBENEFRIFEE

ZMo
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