DESCRIPTION CATALYST HAVING SURFACE-MODIFIED METAL NANOPARTICLES LVIMOBILIZED
IN STATIONARY PHASE IN WHICH A POLYMER 5 ELECTROLYTE MEMBRANE IS FORMED, AND
PREPARATION METHOD THEREOF Technical Field The present invention relates to a catalyst having
surface-modified metal nanoparticles 10 immobilized on a stationary phase on which a polymer
electrolyte membrane is formed, and a method of preparing the same. More patrticularly the present
invention relates to a catalyst having surface-modified metal nanoparticles immobilized on a stationary
phase on which an ionic polymer electrolyte membrane is formed. 15 Background Art Currently, 90%
or more of hydrogen peroxide production is dependent on an anthraquinone process. This process has a
large number of reaction steps, including hydrédJavERBTIONIation, extraction, purification, etc., and
thereby impurities are formed due to side-reactions through individual steps, thus requiring removal and
separation thereof. Also, the 20 produced hydrogen peroxide has a low concentration and is thus required

to be distilled so as ealra fivSEeHAVTSENSBRatACMMOIMPIEDWERTAION AR raneYES).L.G. Fierro,
Angew. Chem. Int. Ed., vol. 45, pp. 696(2§;i‘2006 . In order to solve such problems, research into directly
NSRS AR

preparing hydrogen p ER% y@&?@%@@ﬂ&%ﬁ!ﬁﬂt%&@@%e mixture comprising
oxygen and 25 hygiqee oL A= MIMBRARE IOFORMBSRANIPPRIEANRFYORMIFiRGHN pPeroxide may

easily
THEREOF

Technical Field
The present invention relates to a catalyst having surface-modified metal nanoparticles
10 immobilized on a stationary phase on which a polymer electrolyte membrane is formed, and a
method of preparing the same. More particularly the present invention relates to a catalyst
having surface-modified metal nanoparticles immobilized on a stationary phase on which an

ionic polymer electrolyte membrane is formed.

15 Background Art
Currently, 90% or more of hydrogen peroxide production is dependent on an
anthraquinone process. This process has a large number of reaction steps, including
hydrogenation, oxidation, extraction, purification, etc., and thereby impurities are formed due to
side-reactions through individual steps, thus requiring removal and separation thereof. Also, the
20  produced hydrogen peroxide has a low concentration and is thus required to be distilled so as to
be further concentrated [J.M. Campos-Martin, G. Blanco-Brieva, J.L.G. Fierro, Angew. Chem.
Int. Ed., vol. 45, pp. 6962 (2006)].
In order to solve such problems, research into directly preparing hydrogen peroxide
from oxygen and hydrogen is ongoing, but the use of the mixture comprising oxygen and

25 hydrogen causes an explosion hazard. In addition, the produced hydrogen peroxide may easily



decompose into water and oxygen because of instability thereof, and also the catalyst used is useful in
synthesis of water, making it difficult to obtain high selectivity in the course of synthesis of hydrogen
peroxide. Therefore, to solve these problems, research into strong acid and halide additives has been
conducted. However, the strong acid and halide additives may 5 cause problems of corrosion of the
reactor and may dissolve the metal immobilized on a stationary phase, undesirably decreasing activity of
the catalyst. Moreover, the hydrogen peroxide preparation process needs separation and purification.
The catalyst used in the direct preparation of hydrogen peroxide mainly includes a precious metal such as
gold, platinum, palladium or the like [P. Landon, P.J. Collier, A.J. 10 Papworth, C.J. Kiely, G.J. Hutchings,
Chem. Commudecpppr®058) (2002ndBoE Bolsonas Knddilrgrderdef, lanchdibn 4. Fat@arlesgd As Herzing, C.J.
Kiely, G.J. Hutchings, Chem. Mater., vol. 18, pp. 9 (2006),.J.K. Edwards, B. Solsona, E, Ntainjua N,
AT Cartey, AJTLARSEES: QI SRR Lo ki eSS g Proboty: & Crinta, 3.n.
Lunsford, J. Catghthd.o2 BScdpgenlpiPof@R04Phefefbiano ddie lihtRshiatdlehis atabarinid3oppadd 3, (2005); Q.

Liu, J.H. 15 Lunsford, J. Catal. vol. 239, pp. 237 (2006)]. Because the catalyst is prepared using an
expensive prec%ﬂé@ﬁ@té‘%ﬂé‘féf}?QW@é&W@fbd@”ﬁ?b%%%%@%%%ﬁ%@%@?@ﬁé%éd use of the

catalyst. To fhig.gRd rESERACH BiRMAPIENGACIRY SHRCHRLAREIEC F:08 arstianaiyahase to prevent
dissolution upon reaction has been conducted. In addition to the preparation of hydrogen peroxide,

methods of prepaliimgr2 Psealyadssiaihg Jereseions avietalsofirhsartielyktr, Mervobiizdkohydegtiods are being
investigated. erl%))él%rg]égLegr ac&ll‘ Jﬁ‘%”ég‘;'ﬁ@g&%ﬂant%‘eéﬁ‘é)dusﬂ}{}%%%e physical adsorption, encapsulation,
covalent bondir{)g anad electrostatic hon Ing nPetF'locrils, gpen Ing on the interactions between the

stationary phase and fite catdyyistised in tHeheiphygigaladsarptigioget podiklcomiphraiokelys easy and uses
Van der Waals 25 interaction. Although this process is easy to do, bonding force between the catalyst and

the stationary pHES8 s Ut n?Coidaiy o ratasiren giyhs disr e 13aduhd - Eliguiat: A. Pisanu, A.
Borgna, W.f5. ApiRanlch.: Resascr Hrplied Catalysisihurlpd-8859R20% (1989 olsona, X8 €ncapsulation

method encapsulates the active catalyst in a polymer capsule, so that the reactant and the product are

separated_from_@d@ﬂétﬁéﬁ@?ﬁ@@e%ﬁéﬁﬁﬁ%&?ég%%,P‘Etfh@%@héﬁaﬁlﬁtﬂjwr@ué% of the catalyst
and ensuring hﬁg‘)?@@'&%ﬁﬁ??ﬂ%dwar&@ﬁ%Ys%ﬁ%?%?%ﬂﬂ%& MeNPdUEEs SARNGGY!en; bonding

between the stationary phase and the functional group on the surface of the catalyst to achieve
immobilization, Kielg existiiretilnig SStadnlityl\iithgpt HI3EA0RDNSOCHreachthllstsiowt FeGuite sanultiple steps.

Also, a bond may_be f t tive site of th lyst, ngP e cataly ucture be deformed
10 due to strong%b%?%l)][?o@g\:g ai‘?’ﬁi?ﬁ%%ﬁ@a?%%%‘hi@ﬁ a&? 2 %%hf?ggrg? @aﬁéﬁ:ﬁ?’ vol. 20, pp.
1054 (2004). Lunkhgdeleckkasiaticopsding meskpd uses ionic bonding between a catalyst and a support,
and is thus very simple and suitable for a mass production process. Furthermore, sufficient electrostatic

bond strength may miBfiHE threcHrks HRSTPHFIHSIRRAGEREBING RISEIHTARGHIaRFre is a need for

studies for preparation which enables repeated use of the catalyst. To this end, research into
immobilizing precious metal particles on a stationary phase to prevent dissolution upon reaction
has been conducted. In addition to the preparation of hydrogen peroxide, methods of preparing
20  catalysts using precious metals, in particular, immobilization methods are being investigated.
Examples of the immobilization methods include physical adsorption, encapsulation,
covalent bonding and electrostatic bonding methods, depending on the interactions between the
stationary phase and the catalyst.
The physical adsorption method is comparatively easy and uses Van der Waals

25 interaction. Although this process is easy to do, bonding force between the catalyst and the



15 keep up the intrinsic structure of the catalyst thus retaining catalytic activity [S. Kidambi, J. Dai, J. Li,
M.L. Bruening, J. Am. Chem. Soc. vol. 126, pp. 2658 (2004)]. As mentioned above, in techniques for
directly synthesizing hydrogen peroxide from oxygen and hydrogen, the development of a catalyst which
may exhibit high efficiency under reaction conditions that are able to minimize addition of strong acid and
halide while 20 immobilizing a precious metal catalyst on a stationary phase to prevent dissolution is
required. Disclosure Technical Problem Accordingly, an aspect of the present invention is to provide
a catalyst having surface-25 modified metal nanoparticles immobilized on a stationary phase on which a
polymer electrolyte membrane is formed. Another aspect of the present invention is to provide a
method of prepstrimgatyepbatalysteik famthbnadpeduteht heyp reséntinvelitiohdsbto Iprovidela method of

preparing hydrqgen perogxide fr, dro d oxygen in resence,of the a alyst.
5However, the t6¢ lﬁ?(:ga%%ﬁ’e&ngw ic ?g’?gér% (Sea%/b g%#\%éggf}%ﬁévﬁ}e%g]h?ﬁh?/%ﬁ%o is not limited to

the above aspects, arthetheptariioicatpoakieapsunitshe ablecte.bs appameiietagarstieohiy those skilled
in the art from the following description. Technical Solution 10According to an asPect of the present

invention, a cat4ySRHAY A b RIedirhHaifReA e PR AASIRPECIR i BB NS &eitigivary phase on

which a polwﬂ%&%@%ﬁﬁd@@mp&m@ S dQMRE IS RAVIERbatalysARBAIGING to another aspect of the
present invention, a method of preparing a catalyst having surface-modified metal nanoparticles

immobilized on a statibrrappyoleasbadinghiatihad uses strong covalent bonding between the stationary

phase and the functional group on the surface of the catalyst to achieve immobilization, thus
ensuring high stability without dissolution of the catalyst, but requires multiple steps. Also, a
bond may be formed at the active site of the catalyst, and the catalyst structure may be deformed

10  due to strong bonding [Y. Yamanoi, T. Yonezawa, N. Shirahata, H. Nishihara, Langmuir, vol.
20, pp. 1054 (2004)].

The electrostatic bonding method uses ionic bonding between a catalyst and a support,
and is thus very simple and suitable for a mass production process. Furthermore, sufficient
electrostatic bond strength may minimize the dissolution of the catalyst, and may maximally

15  keep up the intrinsic structure of the catalyst thus retaining catalytic activity [S. Kidambi, J. Dai,
J. Li, M.L. Bruening, J. Am. Chem. Soc. vol. 126, pp. 2658 (2004)].

As mentioned above, in techniques for directly synthesizing hydrogen peroxide from
oxygen and hydrogen, the development of a catalyst which may exhibit high efficiency under
reaction conditions that are able to minimize addition of strong acid and halide while

20 immobilizing a precious metal catalyst on a stationary phase to prevent dissolution is required.

Disclosure
Technical Problem
Accordingly, an aspect of the present invention is to provide a catalyst having surface-

25 modified metal nanoparticles immobilized on a stationary phase on which a polymer electrolyte



15 polymer electrolyte membrane is formed is provided, including (a) alternately mixing a stationary
phase with a first polymer electrolyte solution and a second polymer electrolyte solution, thus forming a
polymer membrane on the stationary phase, in which the first polymer electrolyte solution and the second
polymer electrolyte solution are cationic or anionic electrolyte solutions having different polarities; (b)
forming uniform metal nanoparticles and then surface- 20 modifying the metal nanoparticles so that the
metal nanoparticles are cationic or anionic; and (c) adding the stationary phase having the polymer
electrolyte membrane formed in (a) to a solution of the surface-modified metal nanopatrticles obtained in
(b), thus obtaining the catalyst having the surface-modified metal nanoparticles immobilized on the
stationary phasmanbwitchicheegolymer electrolyte membrane is formed. 25According to a further aspect
of the present inventiop, g methor of preparing hydragen perexide.from fydrogen and pxygen in the
presence of the above ca §fys IS provi EACA vaniageOLPs(P:[ S AL ording 10 the pre%nt invention, a
catalyst having surfacga-m@difiggeotetahd prasapavéiclies inipebiizethemalsiapiepacpiasgean which a
polymer electrolyte membrane is formed has a structure which is very physically and chemically stable,

thus increasingRESSRRIEBHRG e O aiiPe PIREeLRa s tRoR BEYtreased because of no

dissolution of the metgjjyRRAaPAHiElaRiR YrsbiRemeR Y kR Ral MNaPH e HRAIAOARIRRS added
without the addition of an acid, hydrogen peroxide can be synthesized at a high yield via direct reaction of

oxygen 10 and hydrdigoiad DeberipocnasicDisawihefber techiied protilerstraid da ghtotebs awppragaring a catalyst

having surface-lrﬁg%pc%gq tgslensﬁ%gg%r[@? #é@qr}r}gg)yéﬁgvdvign dgscsé%tlbonr_}ary phgse on WhICh a polymer
electrolyte membrane is 5 forme ; IG. 2 illustrates aJprocess of preparing uniform metal
nanoparticles via reaction between a metal precursor and a ligand,; FIG. 3 illustrates a process of
substituting the ligand of the metal nanoparticles so that the surface of the metal nanopatrticles is modified

to be negatively EHEIGESoBeRS . 4 illustrates a process of repeating sequential formation of a cationic

polymer elegtrolyte ang.and@papicPanesralRcHalvie pRabANQRIS R FRARY_ e NMtatiRaary phase so
that the cationic polymer electrolyte is formed on the outer surface, thus forming a multilayer polymer
membrane, and@nTitAPREBIHIS N OBt afEenairfakksenfidifbighnie Ml asio plsetielss thereon;

25FIG. 5 iIIustr%g%%qu}gm&xs%rrg%@d metal nanoparticles analyzed using a

According to another aspect of the present invention, a method of preparing a catalyst

having surface-modified metal nanoparticles immobilized on a stationary phase on which a

15 polymer electrolyte membrane is formed is provided, including (a) alternately mixing a

stationary phase with a first polymer electrolyte solution and a second polymer electrolyte

solution, thus forming a polymer membrane on the stationary phase, in which the first polymer

electrolyte solution and the second polymer electrolyte solution are cationic or anionic electrolyte

solutions having different polarities; (b) forming uniform metal nanoparticles and then surface-

20  modifying the metal nanoparticles so that the metal nanoparticles are cationic or anionic; and (c)

adding the stationary phase having the polymer electrolyte membrane formed in (a) to a solution

of the surface-modified metal nanoparticles obtained in (b), thus obtaining the catalyst having the

surface-modified metal nanoparticles immobilized on the stationary phase on which the polymer
electrolyte membrane is formed.

25 According to a further aspect of the present invention, a method of preparing hydrogen



transmission electron microscope (2.1 0.2 nm); FIG. 6 illustrates the surface-modified metal
nanoparticles analyzed using a transmission electron microscope (2.4 0.1 nm); FIG. 7 illustrates the
surface-modified metal nanopatrticles analyzed using a zeta 5 potential meter (-33.09 mV); and FIG. 8
illustrates the catalyst having surface-modified metal nanoparticles immobilized on a stationary phase on
which a polymer electrolyte membrane is formed, which is manufactured in the form of a specimen using
a cryo-microtome and then analyzed using a cryoelectron microscope. 10 Best Mode Hereinafter, a
detailed description will be given of the present invention. An embodiment of the present invention is
directed to a catalyst having surface-modified metal nanoparticles immobilized on a stationary phase on
which a polymepeetedtr biytehiGagremishaxyeds fottmpdsence #shagea ity detaiedaescription of the
specification and the claims, the term "polymer electrolyte membrane" means a polymer electrolyte layer
as a membrane formed via a layer-bylayer (LBL) deposition technique using a polymer electrolyte
material, and thedwianapéanamelisdes not only a monolayer but also a multilayer unless otherwise
mentioned. 20The metal particles include palladium, platinum, ruthenium, rhodium, iridium, silver,

osmium, nickel, coppet-CEHa%, GralbiurR S hiireLhete 618 tHERrAHacTBeRisd ristal nanoparticles
are negatively qp posiivelyiGhaed: bh thesaialysihavinaha susiqtmedifigdmeiabranaparticles

immobilized on a stationary phase on which a polymer electrolyte membrane is formed, bonding between
the 25 stationarfpipied desarttrukorenuithyeranophyieadicot chpaiealbniahim éremidaresidingtbletseen individual
layers of the m‘é@{%% SLRAYMELSSFioVE Memerane are formed vig glegliartatic inferaction, hydrogen
bonding, Van der aals interaction of covalent bon Ing, thus forming a structure that is very physically
and chemically stadpteticles. Even when only a very small amount of halogen ion is added without the addition

of an acid, hydrogen peroxide can be synthesized at a high yield via direct reaction of oxygen

10 and hydrogen.

Description of Drawings
FIG. 1 illustrates a process of preparing a catalyst having surface-modified metal
nanoparticles immobilized on a stationary phase on which a polymer electrolyte membrane is

15 formed;

FIG. 2 illustrates a process of preparing uniform metal nanoparticles via reaction
between a metal precursor and a ligand,;

FIG. 3 illustrates a process of substituting the ligand of the metal nanoparticles so that
the surface of the metal nanoparticles is modified to be negatively charged,;

20 FIG. 4 illustrates a process of repeating sequential formation of a cationic polymer
electrolyte and an anionic polymer electrolyte on an anionic exchange resin stationary phase so
that the cationic polymer electrolyte is formed on the outer surface, thus forming a multilayer
polymer membrane, and then immobilizing negatively charged surface-modified metal
nanoparticles thereon;

25 FIG. 5 illustrates the uniformly prepared metal nanoparticles analyzed using a



Thus, the catalyst of the invention may fundamentally suppress the dissolution of metal 5 particles during
reaction, which is regarded as the major problem of conventionally prepared metal-supported catalysts,
and thereby may prevent the activity of the catalyst from decreasing thus achieving a catalyst system
having very high profitability. The stationary phase may have a predetermined charge so that the
cationic or anionic polymer electrolyte may be easily adsorbed thereon. The stationary phase may include
acidic, 10 neutral, or basic inorganic materials, and particularly useful is an anionic or cationic resin.

The stationary phase has a predetermined charge so that the cationic or anionic polymer electrolyte may
be easily adsorbed thereon. According to a specific embodiment of the invention, the cationic resin used
as the stationaryaphaiseomascirol odecacpialy?riet 0dsimhaving, at a side chain thereof, a cationic functional
group selected from the grayp consistingof & sufonic 45 acidgraup, acarbondlie adggrop a
phosphoric acid group, and a phosphonic acll?iogroup. n exarr)‘np e ofh%?l fonie resi aving such a cationic
functional grouplesenindtgemne o+ nphemzelected from among fluorine-based polymers,
benzimidazole-based polymers, polyimide-based polymers, polyetherirnide-based polymers,

polyphenylenesulfide H5set PoNAtsrdhhoWRHadBsScmgRiyiIorarsh ctbrediibHE Faged polymers,

polyetherketonehasedRYMER ROlygier- 20 etherketone-based polymers and
polyphenylquinoxaline-based polymers. Particularly useful are one or more selected from among

poly(perfluorosulfonicE6idd iibsiptpetftuctdsiryxgisuseidnedpelymeeisafopadintssinyreshidizeind
tetrafluoroethylene having a sulfonic acid.group, defluorjnat olyetherketone sulfide..aryl ketone,
poly(2.2-(m-pnchy o B S B e T oo wsedt as
the stationary phaséainaiitiesha fhalogenpecimpouit angemarditar bahate dypezanisnicarasin and a
carbonate and a hydroxide type resin or mixtures thereof. For example, the case where an anionic
exchange resinFAUMICSSHASic acid group (S03-) is used as the stationary phase in the present
invention epables strong bonding with the polymer electrolyte membrane. The metal nanoparticles
immobilized on such a polymer 5 electrolyte membrane may be very strongly bound to a ligand which
stabilizes the p&igitdedtectrolyte membrane and the metal nanoparticles via electrostatic interaction,
hydrogen bonding, Vg der iaala nierackanah GAYAINIRERNGe cn imHifgROlmer electiolyte
membrane is composed of cationic and anionic polymer electrolytes, and a variety of kinds of cationic or
anionic polymer electristytasbniayebe afsthd, ilesetl hradjigstingdiomicdooned sirépgthasihtheugadymer

lectrolyte. Th tioni I lectroyt include byt i ticularly not limited to PAH
(Poly(alyamind RBFOCTARS Bl (B AT GRS Rk WSS I BN Gimine), o

PAMPDDA (P ohyiéasrirmidanea-diallyldimethylammonium). The anionic polymer electrolyte may include

PSS (Poly(4-styrenesulfonate), PAA
As used in the detailed description of the specification and the claims, the term “polymer

electrolyte membrane” means a polymer electrolyte layer as a membrane formed via a layer-by-
layer (LBL) deposition technique using a polymer electrolyte material, and the membrane
includes not only a monolayer but also a multilayer unless otherwise mentioned.

20 The metal particles include palladium, platinum, ruthenium, rhodium, iridium, silver,
osmium, nickel, copper, cobalt, titanium or mixtures thereof, and the surface-modified metal
nanoparticles are negatively or positively charged.

In the catalyst having the surface-modified metal nanoparticles immobilized on a
stationary phase on which a polymer electrolyte membrane is formed, bonding between the

25 stationary phase and the multilayer polymer electrolyte membrane and bonding between



15 (Poly(acrylic acid)), PAM (Poly(acryl amide)), poly(vinylphosphonic acid), PAAMP (Poly(2-
acrylamido-2-methyl-1-propanesulfonic acid), PATS (Poly(anetholesulfonic acid)), or PVS (Poly(vinyl
sulfate)). Because the hydrogen ion concentration varies depending on the number of layers of the
anionic polymer electrolyte solution, the acid strength and the acid amount may be controlled by 20
adjusting the number of layers. Particularly in the case of a halogen anion, it may form ionic bonding with
the cationic polymer, and thus the number of layers is adjusted thus controlling the amount of halogen.
The amount of the immobilized metal nanoparticles may vary depending on the number of layers of the
polymer electrolyte membrane, and the number of layers of the polymer 25 electrolyte membrane may be
1 - 9 but the preséntlinléntiorrishechpakticuyniindedrtheretembtie pelymeeklectiotyisttiay have a
weight average.rpoletcul r wei htbof%,oo -1 OQQ,OPO.t Anotherc%mtb didnl1enghof ¥1e %{esent invention
is directed to a Method o %f8§§rln09n Wé’caat%f%t h%av?nllé LRI RO et nélrslo%né[r iEl&s immobilized
on a stationary phase @awhial shpalymendeleatiolykesammbrane is formed, including (a) alternately mixing
a stationary 5 phase with a first polymer electrolyte solution and a second polymer electrolyte solution

thus forming a polymeriieforamesor! thelLrerioranpHadenspalnierrRs fstivoiHmcbrefbolyte solution
and the second pobenSleGRllE SPHEON s LAlIRNiE HARIBRIGEIESIRIWE SAIMIopS Raving different
polarities; (b) forming uniform metal nanoparticles and then modifying the surface of the formed metal
nanoparticles somea-torpercdwanlsor adidichandy eyeaeithg abe oot thtorabytgrms debeing the polymer
electrolyte memprane.formed in (a) tg the solution of the surface-modified metal nanopatrticles obtained in
(b), thus prepar%uﬁ %:%clg% St %ﬁés&r%@, %Oﬁén sur a%:\é?%géﬁi%rgﬁr%%%grnanoparticles immobilized on the
stationary phase on witeRtilienpglypmer @lgdirotyiepraierainimane dsafeemethat théahtibiée catiaividqolymer
electrolyte and the anionic polymer electrolyte solution 15 having different polarities are mixed so that the

polymer electroRtE &S IEIERYY S 2%iR Faty R oRe TrasBHARpRRSe My delisAf!Snd anionic
polymer elegtrofyigsUsedsavbaihesame av farireMnarelecirolismwbichisapatiates the catalyst of

the invention as mentioned above. In (b), the metal nanoparticles are uniformly formed, and then the
surface thereof is 20 rhiifigenaey thasethes AaedriaERBphriiRes @ e he sMiens ARRIE. MVHER! the cationic or

anionic Surfaceéfgc%%i?g‘e?n&;&gt@é NAAOPRIYHES HEIH MBS WaY FASKMANES SR Y fmobilized on

the polymer electroly brane.
invention, the cationic resin used as the stationary phase may include a polymer resin having, at a

side chain thereof, a cationic functional group selected from the group consisting of a sulfonic

15 acid group, a carboxylic acid group, a phosphoric acid group, and a phosphonic acid group. An
example of the ionic resin having such a cationic functional group may include one or more
selected from among fluorine-based polymers, benzimidazole-based polymers, polyimide-based
polymers, polyetherimide-based polymers, polyphenylenesulfide-based polymers, polysulfone-
based polymers, polyethersulfone-based polymers, polyetherketone-based polymers, polyether-

20  etherketone-based polymers and polyphenylquinoxaline-based polymers. Particularly useful are
one or more selected from among poly(perfluorosulfonic acid), poly(perfluorocarboxylic acid),
copolymers of fluorovinylether and tetrafluoroethylene having a sulfonic acid group,
defluorinated  polyetherketone  sulfide, aryl ketone, poly[2,2’-(m-phenylene)-5,5’-
bibenzimidazole] and poly(2,5-benzimidazole).

25 The anionic resin used as the stationary phase includes a halogen compound and/or a



FIG. 1 schematically shows the process of preparing the catalyst having the surface- modified metal
nanoparticles immobilized on the stationary phase on which the polymer 25 electrolyte membrane is
formed, and FIG. 4 illustratively shows the preparation of the above catalyst in detalil. The formation
of the uniform nanoparticles in (b) is performed by subjecting a metal precursor to pyrolysis to form and
grow a nucleus, and binding a ligand around the nucleus to enclose the nanoparticles so that these
particles are stabilized. 5For example, as shown in FIG. 2, when the metal precursor including the metal
ion and the ligand having a thiol functional group bound thereto is molyzed, the metal ion is formed into
nanoparticles via reduction, and the ligand stabilizes the procedure of forming the nanoparticles and
suppresses thetaggregatigre efithe ferimed namopattiolds.ijirexde biysissand medatiotheiroé and temperature
and the ratio of the m%taléorecLllrs r and 10 the Iig[nalnd are aolll'usted aking it Bossibl%to control the size
of the nanopatrticles and 8 oMy uniform Vr%aerﬁ%ﬁ%r ices. Thé r%?iéesd? e e as}lp?glguar%orgg)ﬁla the ligand
may be approp(sielyisadjusiethbrhisnet parkiculadykmitedventol bebigantbipayisekdardacecy! sulfide,
TOP (Trioctyl phosphine), PVP (Poly(vinylpyrrolidone)), poly(4-vinylpyridine), etc. Such a ligand forms a
strong bond witPCY D& rﬂé?%%ﬁﬁ’é?‘@hﬁ?%m%h%ﬁ%?&érﬂ@?@%@ﬁmd%ﬁ zeta ARty B acB¥®ehe ligand is

hydrophobic it is.disRarsackiftadyaiorhobic aranissalyentsush AR iRlvens BRI MaiRtIREd in a solution

state. Because the surface of the formed metal nanoparticles is hydrophobic, the terminal of the
ligand is substiteleetlyieh mefobretio rrat gy proidiclaneasitiglelissio cidgettriiies negeaivenohpdisitivie charges
while stabilizingoyr]&r{ne\;%rllQgrwgﬁsrtlirﬁ%esdt.%s showa%lilprrllga. 3, in order to immobilize 20 them on a

stationary phase Such as a support. The |§§ﬁ&0¥or surtace odification may include a negatively charged

material or a positivelffighaciectmaterial > articbitaryisthenpsmainal oftivéidigahdrimsuhsiijuied with a
carboxylic functional group using MAA (Mercaptoacetic acid), MPA (Mercaptopropionic acid) or PEI
(polyethyleneinfiSeTO Mt Y8 TATY ALYATR A RN AR BE IS MR- RS i the metal
nanoparticlgs, thgutatoislithsinatal AROARSFIEIRer electrolyte.

The cationic polymer electrolyte may include but is particularly not limited to PAH
(Poly(allylamine ~ hydrochloride)), = PDDA  (Polydiallyldimethylammonium),  PEI
(Poly(ethyleneimine)), or PAMPDDA (Poly(acrylamide-co-diallyldimethylammonium).

The anionic polymer electrolyte may include PSS (Poly(4-styrenesulfonate), PAA

15  (Poly(acrylic acid)), PAM (Poly(acryl amide)), poly(vinylphosphonic acid), PAAMP (Poly(2-
acrylamido-2-methyl-1-propanesulfonic acid), PATS (Poly(anetholesulfonic acid)), or PVS
(Poly(vinyl sulfate)).

Because the hydrogen ion concentration varies depending on the number of layers of the

anionic polymer electrolyte solution, the acid strength and the acid amount may be controlled by

20 adjusting the number of layers. Particularly in the case of a halogen anion, it may form ionic
bonding with the cationic polymer, and thus the number of layers is adjusted thus controlling the
amount of halogen.

The amount of the immobilized metal nanoparticles may vary depending on the number
of layers of the polymer electrolyte membrane, and the number of layers of the polymer

25  electrolyte membrane may be 1 ~ 9 but the present invention is not particularly limited thereto.



solution and the ligand to be substituted is not particularly limited and may be adjusted. The
substitution of the ligand is carried out via spontaneous bonding of a ligand around the nanoparticles and
place-exchange reaction. Also, because the surface-modified nanoparticles are obtained via simple ligand
substitution, the size and properties of the formed nanoparticles 5 may be maintained, thereby retaining
the intrinsic properties of the nanoparticles to thus have no influence on the effect of the catalyst. The
surface-modified metal nanoparticles have a positively or negatively charged functional group at the
terminal thereof, and are thus dispersed in an aqueous solution. In the case where a catalyst is
conventionally prepared by directly binding the particles 10 using a typical process, it is difficult to adjust
the size of the rilstabpyarticlestalytt toamiaintaindigkt propertiesoflthecighifor i0Bataly¥0).pBwever, the present
invention adqpts a meAt%é)t e?fei”%ro“d?&i'ﬂlﬂo tglergsgifarrye nmuggeil Hgn?é%%giglgg or%i]tot}e rst%ggnﬁ{é/ phase via
surface modification of the URITOM Metal Na particles and e Tormation g?qt e ﬁoﬂj)me eléctrolyte
membrane on theastationmgy pifacemvdieie bythenmeiatioenapaidisiesiexist inathaqgrahat anging on the
polymer 15 electrolzjte membrane, making it possible to maintain the properties of the uniform catalyst

and eliminating YHETHSRAKRG el THRPRAn SprRek ocluding &) dkseraing i ing HHEeHEY of the
invention, ugon JRxering the-RYNMMG: MEmRiANGH I b RALRN.Ok FRHRIG-HWY WRfion thus

membrane/surface-modified metal nanopatrticles, or the combination of anionic polymer
membrane/surféeaingotifidneatgbamo sarthsl sttiorapplieaie.so 2bichabeHeshrolamanplogetticles having an

anionio surface.gf,{0g 18 ! Lanepaides oA gationie sylaee mawbe pIovded e form of a

. %SCCO g% o) tlﬂns .
smgle membrane, maklng It POSSI repare’a catalyst. Because the ionic density of the surface varies

depending on thevingnititereaf [ayeis;sthe) anmmingt wfifbvenimend bilizpaitetalndahaparbitifemgnay be adjusted.
In the method of the invention, because the hydrogen ion concentration varies d(?gending 25 on the

number of layerS8rthd DGdRepshynsial Bargigks, thasdeibespamiranudme A Dmbling Mhay be
controlled hy adjisiing theduwnher &f |RYaRs: BkdheMRReihalage tmaYos-.conkioledky adjusting the

number of layers of the polymer electrolyte which forms a salt with the halogen anion. A further

embodiment of W@ﬁ\?@?ﬁ@ﬁl i@@ﬂe@%@@?ﬁ@%éﬁ%@%r@baﬁ@ mSRiEeh EﬁB&Yl%)&&‘éﬂgi_éhGirec_t_reaction
of oxygen and QXQ&?@S&H‘%H‘%%ﬂ?nﬁﬁ‘&ﬁ%&%%@bﬁﬂ%%ﬁfﬁ@9%![&%%%}%5% BROARAGHEIRS Immobilized on a

stationary phase on which a polymer electrolyte membrane is formed.
electrolyte membrane is formed.

In (a), the cationic polymer electrolyte and the anionic polymer electrolyte solution
15 having different polarities are mixed so that the polymer electrolyte solutions are alternately
formed on the stationary phase. The cationic and anionic polymer electrolytes used may be the
same as the polymer electrolyte which constitutes the catalyst of the invention as mentioned
above.
In (b), the metal nanoparticles are uniformly formed, and then the surface thereof is
20 modified so that the metal nanoparticles are cationic or anionic. When the cationic or anionic
surface-modified metal nanoparticles are formed in this way, they may be easily immobilized on
the polymer electrolyte membrane.
FIG. 1 schematically shows the process of preparing the catalyst having the surface-
modified metal nanoparticles immobilized on the stationary phase on which the polymer

25  electrolyte membrane is formed, and FIG. 4 illustratively shows the preparation of the above



The synthesis of hydrogen peroxide may be carried out via liquid reaction using methanol, ethanol or
water as a solvent (a reaction medium). 10For the reaction, the oxygen and hydrogen reactants are
provided in the form of a gas mixture diluted with nitrogen to decrease an explosion hazard, and the
volume ratio of hydrogen to oxygen to nitrogen is 3:40:57, and the ratio of the total amount of gas used in
the reaction and the rate of the solvent is set to about 3200, and a tubular reactor equipped with a cooling
water jacket is used, and a reaction pressure of 50 bar and a reaction temperature of 25 - 40 t are 15
applied. In the reaction for preparing hydrogen peroxide from oxygen and hydrogen, only a very small
amount of halogen additive is used without the addition of a strong acid to prevent corrosion of the
reactor. The hategbst adittile may include hydrobromic acid, sodium bromide (NaBr), potassium bromide
(KBr), etc. The conceqﬁjrg&jon of the qlglo n additive is 100£§m orrgo l%&%’ %%éie}cularlg/nlﬁ ppm, based on

the mass of methanol useanélé%neogﬁ vent.o ™ %gﬁ?lﬁsnl tlgr?ﬁlnodr% & pr SEhE mveTtion may be

obtained througliethedottoping o epaiatiam examplrdaie, ealaisinndigxamnples ardneasparative
examples of using the above catalyst to directly prepare hydrogen peroxide from oxygen and hydrogen

reactants. 25EE8RReE 8YnHEdRS riifeinPATitsr AsiBPlfidles A metal precursor and a ligand

were reacted to form ggiform Relladimnarenarticies @S descrbershalR W ding 1eRREAIRRA M#S ml of a
toluene solvent was placed in a flask, and the temperature was increased to 95 t in an argon gas

environment. 050 lgodgaNadiarhiscenstong gavebabptdeurtols Hyavliztdegnafta deetyiosutiide as a ligand

were dissolved .iq 5 ml of oc!féene and this soludti(nglef;lg1I1 %:eé ﬁa]l‘%:se%in the ﬂar%kbgf%e%hictnethe reaction

. 11?0 faﬁop S via reduction, an % C I'O(Ef U é) 8
was carried out for r. ereafter, the temperature solution was decreased to room temperature

and the solventnammpdicitio ved sipprefmeugifrgeativatai he neenttatgarddis. reaction product was dispersed
in 30 ml of acetone, divided into Eppendorf tubes, washed three times with acetone, and finally dispersed

in 30 ml of 10 toluene  FRYBIES; d%%ﬂ%@ﬁf%@ﬂﬁ?ﬁ@%@? A6, % LR AR MEHR¥Gly prepared
metal nanopartiglesANAiYZ 8¢ Ui SnaktaNE P HIRNAIEHID ENGFOSICAR B pard1&s Y «vample 2: Surface

modification of metal nanoparticles The hydrophobic ligand of the above-prepared uniform metal
nanoparticles wasas saptieds wis a2fig ahdhp avaiah rcryretiopdhsrgp dimebe rAmMRaNsE eof to modify

the surface of th, NAARRALYGIGRricularly limited.
The ligand may include dodecyl sulfide, TOP (Trioctyl phosphine), PVP
(Poly(vinylpyrrolidone)), poly(4-vinylpyridine), etc. Such a ligand forms a strong bond with a
15 metal to thereby form nanoparticles and increase stability. Because the ligand is hydrophobic, it
is dispersed in a hydrophobic organic solvent such as toluene and maintained in a solution state.
Because the surface of the formed metal nanoparticles is hydrophobic, the terminal of
the ligand is substituted with a functional group which easily dissociates into negative or positive
charges while stabilizing the metal nanoparticles, as shown in FIG. 3, in order to immobilize
20 them on a stationary phase such as a support. The ligand for surface modification may include a
negatively charged material or a positively charged material. Particularly, the terminal of the
ligand is substituted with a carboxylic functional group using MAA (Mercaptoacetic acid), MPA
(Mercaptopropionic acid) or PEI (polyethyleneimine), thus forming a negatively charged
surface.

25 Upon surface-modifying the metal nanoparticles, the ratio of the metal nanoparticle

10



10 ml of the metal nanoparticle solution of Example 1 and 10 ml of MAA (Mercaptoacetic acid) as a ligand
to be substituted were placed in a vial. The reaction was carried out at 60 t for 12 hr with vigorous stirring.
After the reaction, 2 ml of toluene and 3 ml 20 of distilled water were placed in the vial so that the phases
were separated, and the toluene supernatant was removed. The remaining surface-modified metal
nanoparticle solution was divided into Eppendorf tubes and washed three times with distilled water.
Subsequently, MAA which was left behind in the surface-modified metal nanopatrticle solution obtained
after washing was removed using a 25 filter, followed by dispersion in distilled water, yielding
surface-modified metal nanopatrticles. FIG. 6 shows the surface-modified metal nanopatrticles analyzed
using a transmisgitinneiattho hganitrobeoypeti(@efl iOndt panjcdaty FiBedashowsthalwsddce-modified metal
nanoparticles analyzeghgsi% .a zeta poettﬁnti meter 0(-33.09 mV). 5Ex%5rr11 le 3. F%r(ann tion I?é polymer

S tution of and 1S carried ouf via, spQntaneous ofa arou ..
electrolyte membrane 011 Stationary phase < “APoiymer SI&oRTe membrane’was 1éfmed on an anionic

exchange resinthavingatsiiandpred-giodge (So@has kol ewsust it antite-pradRduadyastarried out at
room temperature. ggecifically, a 20 mNI PAH (Poly(allylamine hydrochloride)), weight average

molecular weigAE2EIBeh Y8 GirRrsuLeapiutbiidHeralisosHaine SiSnasiss, p4 tae fsmedsinrsprticleid), weight 10
average molecylay E\é‘%&ﬂﬁiﬁé@,%@ﬁl@ﬁ% @@HH&W&#@F@MQ@@ REdFhEREhRIERfWas adjusted to 9

using hydrochloric acid and sodium hydroxide. 10 g of the anionic exchange resin having a sulfonic
acid group (503nfivarradieitd ¢detGd thelcefabisitilled water and washing for 1 hr was repeated three times.

The distilled water was,remaoved, and 100 m| of a 20 mM PAH agueous solution.was placed in the flask
Comtaining the 15 anors B B B e i The
solution remainingtiiorii @rbgakeicrasirahieved, aaadrd BOs ket dishllechguabes svasdiurther added and

washing for 5 min was repeated three times. The number of layers of the polymer electrolyte membrane

formed on the stationdM5HASNEE 4 CRRRLIR FRIVFRIRMRPIRRE S DRl PIKe (s RHEing a sulfonic

acid group (SO Wltypical process, it is difficult to adjust the size of the metal particles and to maintain the
properties of the uniform catalyst. However, the present invention adopts a method of
immobilizing the uniform metal nanoparticles on the stationary phase via surface modification of
the uniform metal nanoparticles and the formation of the polymer electrolyte membrane on the
stationary phase, whereby the metal nanoparticles exist in the form of hanging on the polymer
15 electrolyte membrane, making it possible to maintain the properties of the uniform catalyst and
eliminating the dissolution of the metal nanoparticles.

Also according to the method of the invention, upon layering the polymer membrane,
the combination of cationic polymer membrane/surface-modified metal nanoparticles, or the
combination of anionic polymer membrane/surface-modified metal nanoparticles is applied, so

20 that the metal nanoparticles having an anionic surface or the metal nanoparticles having a
cationic surface may be provided in the form of a single membrane, making it possible to
prepare a catalyst. Because the ionic density of the surface varies depending on the number of
layers, the amount of the immobilized metal nanoparticles may be adjusted.

In the method of the invention, because the hydrogen ion concentration varies depending

25 on the number of layers of the acidic polymer electrolyte, the acid strength and the acid amount

11



20 the PAH layer formed thereon was mixed with 100 ml of a 60 mNI PSS aqueous solution and stirred
for 20 min The solution remaining behind in the beaker was removed, and 100 ml of distilled water was
further added and washing for 5 min was repeated three times. Example 4: Formation of multilayer
polymer electrolyte membrane on stationary phase 25This example was conducted in the same manner
as in Example 3, with the exception that the same procedure as in Example 3 was repeated so that the
number of layers of the polymer electrolyte membrane was 9. Example 5 Immobilization of
surface-modified metal nanoparticles on stationary phase 5 having polymer electrolyte membrane formed
thereon Immobilizing the surface-modified metal nanoparticles on the anionic exchange resin having
the polymer electplitecnmenilodaie ddinstied thereorbevay redor ety iantherfolfowloggproeedare. The entire

procedure was cayried qul af faom temperatyre, Intoa lagk containing the slationary phage having the
anionic exchange resin fraving a“10 sultonic acid group ( on which the polymer e ectro yte membrane
was formed, 60@engdetstiface-modified metal nanoparticles was added and stirred for 24 hr to react. The

solution remaining in the beaker was removed, after which 100 ml of distilled water was further added and

washing for 5 min wag\rEpst AR b de 1B YeRIRR Heliserrtio Bimsbrshob PERAifeliERgiied metal
nanoparticles op.RiationaTy.LHASR AN JBLItIAY By PAVMES IGEl(e membianedfaimgddhereon  An

immobilization process was conducted in the same manner as in Example 5, with the exception that the
stationary phasedidvingoaagitieyenpodpiiesd epact oliptenanibran @insteislkl of phimed retsieisdytolymer

electrolyte memnt?er% e of. Example 5 was used. FIG. 8 illustrates the 20 surface-modified metal

nanoparticles immo ilized on the stationary phase on which the polymer electrolyte membrane was
formed, which were maruiaatissadan liherdgimpeifoai&pecimbn sty autrya-mjckbiemeoanditiien analyzed
using a cryo-electron microscope. Test Example 1: Efficiency of catalyst having monolayer polymer

electrolyte menTBTHE SR SHRHD B RE WAL BrENLFEd B oxygen and hydrogen using the catalyst
prepared ingExample & apddheifiaiensyaf iersatadstiaanValugtftlied in the form of a gas

mixture diluted with nitrogen to decrease an explosion hazard, and the volume ratio of hydrogen

to oxygen to nitrogen is 3:40:57, and the ratio of the total amount of gas used in the reaction and

the rate of the solvent is set to about 3200, and a tubular reactor equipped with a cooling water

jacket is used, and a reaction pressure of 50 bar and a reaction temperature of 25 ~ 40C are
15 applied.

In the reaction for preparing hydrogen peroxide from oxygen and hydrogen, only a very
small amount of halogen additive is used without the addition of a strong acid to prevent
corrosion of the reactor. The halogen additive may include hydrobromic acid, sodium bromide
(NaBr), potassium bromide (KBr), etc. The concentration of the halogen additive is 100 ppm or

20  less, particularly 15 ppm, based on the mass of methanol used as the solvent.

A better understanding of the present invention may be obtained through the following

preparation example of a catalyst and examples and comparative examples of using the above

catalyst to directly prepare hydrogen peroxide from oxygen and hydrogen reactants.

25 Example 1: Synthesis of uniform metal nanoparticles

12



Into a tubular reactor equipped with a cooling water jacket, 10 cc of the catalyst was placed, and
methanol was added for 3 hr under conditions of 1 bar and 30 t and washing was conducted. Then, the
solvent was replaced with methanol containing 15 ppm HBr, instead of 5 methanol, and the reaction
pressure was increased to 50 bar, and the volume ratio of hydrogen to oxygen to nitrogen was 3:40:57,
and the ratio of the total amount of gas used in the reaction to the rate of the solvent was set to about
3200. In this state, the reaction was carried out. Thereafter, the yield of hydrogen peroxide was calculated
via titration. The results are shown in Table 1 below. 10 Test Example 2: Efficiency of catalyst having
9-layer polymer electrolyte membrane Hydrogen peroxide was prepared from oxygen and hydrogen using
the catalyst prepared miketdmpler®r andlathgusificienescef théovatalifstmad ciaiuategatisl{Iab e 1] Test Ex.
Cationic F’O'ymﬁés%%g&fb%%tﬁ Anionic Polymer E ectrolyte Number of Layers of Membrane Pd (wt%)

Specifically, 45 ml of a toluene solvent was placed in a flask, and the temperature was

increased to 95°C in an argon gas environment. 0.20 g of palladium acetate as a metal precursor

5 and 1.65 g of dodecyl sulfide as a ligand were dissolved in 5 ml of toluene and this solution was
then placed in the flask, after which the reaction was carried out for 1 hr. Thereafter, the
temperature of the solution was decreased to room temperature and the solvent was removed
therefrom using a rotary concentrator. The reaction product was dispersed in 30 ml of acetone,
divided into Eppendorf tubes, washed three times with acetone, and finally dispersed in 30 ml of

10  toluene, thus obtaining formed metal nanoparticles. FIG. 5 shows the uniformly prepared metal

nanoparticles analyzed using a transmission electron microscope (2.1 £0.2 nm).

Example 2: Surface modification of metal nanoparticles
The hydrophobic ligand of the above-prepared uniform metal nanoparticles was
15 substituted with a ligand having a functional group at the terminal thereof to modify the surface
of the nanoparticles.

10 ml of the metal nanoparticle solution of Example 1 and 10 ml of MAA
(Mercaptoacetic acid) as a ligand to be substituted were placed in a vial. The reaction was
carried out at 60C for 12 hr with vigorous stirring. After the reaction, 2 ml of toluene and 3 ml

20 of distilled water were placed in the vial so that the phases were separated, and the toluene
supernatant was removed.

The remaining surface-modified metal nanoparticle solution was divided into Eppendorf
tubes and washed three times with distilled water. Subsequently, MAA which was left behind in
the surface-modified metal nanoparticle solution obtained after washing was removed using a

25 filter, followed by dispersion in distilled water, yielding surface-modified metal nanoparticles.

13



H202 Yield (wt%) Productivity(g H202/g Pdbr) Kind Conc. pH Kind Conc. pH

10

15

20

25

FIG. 6 shows the surface-modified metal nanoparticles analyzed using a transmission electron
microscope (2.4 £+ 0.1 nm), and FIG. 7 shows the surface-modified metal nanoparticles analyzed

using a zeta potential meter (-33.09 mV).

Example 3: Formation of polymer electrolyte membrane on stationary phase

A polymer electrolyte membrane was formed on an anionic exchange resin having a
sulfonic acid group (SOs) as follows. The entire procedure was carried out at room temperature.

Specifically, a 20 mM PAH (Poly(allylamine hydrochloride)), weight average molecular
weight 200,000) aqueous solution and a 60 mM PSS (Poly(4-styrene sulfonic acid), weight
average molecular weight 70,000) aqueous solution were prepared, and the pH thereof was
adjusted to 9 using hydrochloric acid and sodium hydroxide.

10 g of the anionic exchange resin having a sulfonic acid group (SOs) was added to 100
ml of distilled water and washing for 1 hr was repeated three times. The distilled water was
removed, and 100 ml of a 20 mM PAH aqueous solution was placed in the flask containing the
anionic exchange resin having a sulfonic acid group (SOs), and stirred for 20 min. The solution
remaining in the beaker was removed, and 100 ml of distilled water was further added and
washing for 5 min was repeated three times. The number of layers of the polymer electrolyte
membrane formed on the stationary phase was 1.

A material including the anionic exchange resin having a sulfonic acid group (SOs’) and
the PAH layer formed thereon was mixed with 100 ml of a 60 mM PSS aqueous solution and
stirred for 20 min. The solution remaining behind in the beaker was removed, and 100 ml of

distilled water was further added and washing for 5 min was repeated three times.

Example 4: Formation of multilayer polymer electrolyte membrane on stationary phase

This example was conducted in the same manner as in Example 3, with the exception

14



1 PAH 20 mM 9 PSS 60 mM 9 1 0.154 8.03 105 2 PAH 20 mM

10

15

20

25

that the same procedure as in Example 3 was repeated so that the number of layers of the

polymer electrolyte membrane was 9.

Example 5: Immobilization of surface-modified metal nanoparticles on stationary phase
having polymer electrolyte membrane formed thereon

Immobilizing the surface-modified metal nanoparticles on the anionic exchange resin
having the polymer electrolyte membrane formed thereon was performed via the following
procedure. The entire procedure was carried out at room temperature.

Into a flask containing the stationary phase having the anionic exchange resin having a
sulfonic acid group (SO3’) on which the polymer electrolyte membrane was formed, 600 mg of
surface-modified metal nanoparticles was added and stirred for 24 hr to react. The solution
remaining in the beaker was removed, after which 100 ml of distilled water was further added

and washing for 5 min was repeated three times.

Example 6: Immobilization of surface-modified metal nanoparticles on stationary phase
having multilayer polymer electrolyte membrane formed thereon

An immobilization process was conducted in the same manner as in Example 5, with
the exception that the stationary phase having a 9-layer polymer electrolyte membrane instead of
the monolayer polymer electrolyte membrane of Example 5 was used. FIG. 8 illustrates the
surface-modified metal nanoparticles immobilized on the stationary phase on which the polymer
electrolyte membrane was formed, which were manufactured in the form of a specimen using a

cryo-microtome and then analyzed using a cryo-electron microscope.

Test Example 1: Efficiency of catalyst having monolayer polymer electrolyte membrane

Hydrogen peroxide was prepared from oxygen and hydrogen using the catalyst prepared

15



9 PSS 60 mM 99 0.009 1.11 249 CLAIMS 1. A catalyst having surface-modified metal nanoparticles
immobilized on a stationary phase on which a polymer electrolyte membrane is formed. 2. The
catalyst of claim 1, wherein the stationary phase is an ionic exchange resin. 3. The catalyst of
claim 1, wherein the polymer electrolyte membrane comprises cationic and anionic polymer electrolytes.
4. The catalyst of claim 1, wherein the surface-modified metal nanoparticles are negatively or positively

charged.

5. The catalyst of claim 3, wherein the cationic polymer electrolyte is PAH 15

(Poly(allylaminehydrochloride)),PDDA(Polydiallyldimethylammonium)),PEI

10

15

in Example 5, and the efficiency of the catalyst was evaluated.

Into a tubular reactor equipped with a cooling water jacket, 10 cc of the catalyst was
placed, and methanol was added for 3 hr under conditions of 1 bar and 30°C and washing was
conducted. Then, the solvent was replaced with methanol containing 15 ppm HBr, instead of
methanol, and the reaction pressure was increased to 50 bar, and the volume ratio of hydrogen to
oxygen to nitrogen was 3:40:57, and the ratio of the total amount of gas used in the reaction to
the rate of the solvent was set to about 3200. In this state, the reaction was carried out.
Thereafter, the yield of hydrogen peroxide was calculated via titration. The results are shown in

Table 1 below.

Test Example 2: Efficiency of catalyst having 9-layer polymer electrolyte membrane
Hydrogen peroxide was prepared from oxygen and hydrogen using the catalyst prepared

in Example 6, and the efficiency of the catalyst was evaluated.

[Table 1]
Test Cationic Polymer Anionic Polymer Number of Layers | Pd H.ZOZ Productivity(g
Ex Blectrolyte Blectrolyte of Membrane | (wi%) | 199 | 1,0,/ Pdhr)
" | Kind | Conc. | pH | Kind | Conc. | pH 7 (Wt%) 228
1 |PAH |[20mM | 9 | PSS [60mM | 9 1 0.154 8.03 105
PAH [20mM | 9 | PSS |60mM | 9 9 0.009 1.11 249
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(Poly(ethyleneimine)), or PANIPDDA (Poly(acrylamide-co-diallyldimethylammonium)). 6. The catalyst
of claim 3, wherein the anionic polymer electrolyte is PSS (Poly(4- styrenesulfonate)), PAA (Poly(acrylic
acid)), PAM (Poly(acryl amide)), poly(vinylphosphonic 20
acid),PAAMP(Poly(2-acrylamido-2-methyl-1-propanesulfonicacid)),PATS (Poly(anetholesulfonic acid)), or
PVS (Poly(vinyl sulfate)). 7. The catalyst of claim 1, wherein a number of layers of the polymer
electrolyte membrane is 1 - 9. 25 8. The catalyst of claim 1, wherein the polymer electrolyte has a
weight average molecular weight of 1,000 - 1,000,000. 9. The catalyst of claim 1, wherein the metal
nanoparticles comprise palladium, 5 platinum, ruthenium, rhodium, iridium, silver, osmium, nickel, copper,
cobalt, titanium or mixtures thereof. 10. A mé&thadM\$ preparing a catalyst having surface-modified
metal nanoparticles immobilized on a stationary phase on which a polymer electrolyte membrane is
formed, 10 comprising: (a) alternately mixing a stationary phase with a first polymer electrolyte
solution and a secondi palymagyselactiglytg.sodbanedhhsfarnipgtaipolivmesimentarasaontie stationary
phase, in which the first polymer electrolyte solution and the second polymer electrolyte solution are
cationic or anioRTEERILIYIRA RS AEHAVR P erstans fumstties; 15(b) forming uniform metal
nanoparticles and then surface-modifying the metal nanoparticles so that the metal nanoparticles are
cationic or anionic; and (c) adding the stationary phase having the polymer electrolyte membrane
formed in (a) to a solulidhafthizssefifhde-mublifiatitn stabnar opractic kegwisteinkadda e thus obtaining the
catalyst having the surface-modified metal nanoparticles immobilized on the stationary phase on 20 which
the polymer electrolyte membrane is formed.

3. The catalyst of claim 1, wherein the polymer electrolyte membrane comprises

cationic and anionic polymer electrolytes.
10
4. The catalyst of claim 1, wherein the surface-modified metal nanoparticles are

negatively or positively charged.

5. The catalyst of claim 3, wherein the cationic polymer electrolyte is PAH
15 (Poly(allylamine  hydrochloride)), =~ PDDA  (Polydiallyldimethylammonium)),  PEI

(Poly(ethyleneimine)), or PAMPDDA (Poly(acrylamide-co-diallyldimethylammonium)).

6. The catalyst of claim 3, wherein the anionic polymer electrolyte is PSS (Poly(4-

styrenesulfonate)), PAA (Poly(acrylic acid)), PAM (Poly(acryl amide)), poly(vinylphosphonic

20 acid), PAAMP (Poly(2-acrylamido-2-methyl- 1-propanesulfonic acid)), PATS
(Poly(anetholesulfonic acid)), or PVS (Poly(vinyl sulfate)).

7. The catalyst of claim 1, wherein a number of layers of the polymer electrolyte
membrane is 1 ~ 9.

25
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11. A method of preparing hydrogen peroxide from hydrogen and oxygen using the catalyst of any one of
claims 1 to 9.

8. The catalyst of claim 1, wherein the polymer electrolyte has a weight average

molecular weight of 1,000 ~ 1,000,000.

9. The catalyst of claim 1, wherein the metal nanoparticles comprise palladium,
5 platinum, ruthenium, rhodium, iridium, silver, osmium, nickel, copper, cobalt, titanium or

mixtures thereof.

10. A method of preparing a catalyst having surface-modified metal nanoparticles

immobilized on a stationary phase on which a polymer electrolyte membrane is formed,
10 comprising:

(a) alternately mixing a stationary phase with a first polymer electrolyte solution and a
second polymer electrolyte solution, thus forming a polymer membrane on the stationary phase,
in which the first polymer electrolyte solution and the second polymer electrolyte solution are
cationic or anionic electrolyte solutions having different polarities;

15 (b) forming uniform metal nanoparticles and then surface-modifying the metal
nanoparticles so that the metal nanoparticles are cationic or anionic; and

(c) adding the stationary phase having the polymer electrolyte membrane formed in (a)
to a solution of the surface-modified metal nanoparticles obtained in (b), thus obtaining the
catalyst having the surface-modified metal nanoparticles immobilized on the stationary phase on

20 which the polymer electrolyte membrane is formed.

11. A method of preparing hydrogen peroxide from hydrogen and oxygen using the

catalyst of any one of claims 1 to 9.
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