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GABFEE. o]F  120TolA  124%F B HR F 2ARAdAM F7] EBH7I8k 300T, 243t &
A 283k,

(4) 5ol 2Ful= 7k 2Pt0.2Re/Al0; FHol A=

2

A7) gl gAE ya dRultel 47 A ATA §A2 27 2g FAWOR BASAT. olF 120Ce
A 12A3E b Ax 5 10% Hy/Ny 71A] #917] 8F, 450Coll A 1AIRE &S S A, 2 e e A A
& Wa-dlE 500(2P10.2Re/ALO B AT, A7) Ful 2F B91715A nasch,

AAd 2. BF @X T #GFS X3 2Pt0.4Re/Al0; v A=

perrhenic acid solution 3.211 S AF&3IATE AS AYstals Ao 13 U3 WL o] &3te] X 1t
el mE £ Ax2E Wa-ls F(2Pt0.4Re/AL0)E A3 T
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AAld 3. Og FA F Hws FAF 2Pt0.8Re/ALO; Frjo A=

perrhenic acid solution 6.422 WS A}E3ATHE AS AYstas AAd 13 593 HHHS o] &3] X b
ol W& F4 AFE WF-d5 v (2Pt0.8Re/AlLDy) E A Z3FAUT.

AA 4, BF DA AE5S 2R3 2Pt1.6Re/Al0; ZH)o] A)x

o

perrhenic acid solution 12.844 wS AFE3tFthe S AQstae AAd 13 5L UHE o] &3] & vt
ol W& 4 A FE WNF-dFE =9 (2Pt1.6Re/AL0y) S A FsFS ).

AA 5. BgF G F HFgS SR 4.8Pt0.5Re/ALO; FHle] AF

tetraammineplatinum nitrate 0.0897 g& A}&3}al, perrhenic acid solution 3.848 S AMgslttsE d&
ALlstale AAld 13 53 S o] &5te] E o wde) wE 4 AXRE WF-E Z1(4.8Pt0.5Re/AlL05)
E Az=3H3Tt.

AA¢ 6. BF B F HFgS ER 4.2Pt1.0Re/ALO; FHle] AZ

tetraammineplatinum nitrate 0.0801 g A}83}il, perrhenic acid solution 7.733 S ARSI TE AS
ALstas AAld 13 5L IHS o] 85t B ddgo mE 4 AxE WF-dE Ful(4.2Pt1.0Re/Al0;)
E Azt

AAlY 7. AF @2 F HEEL XS 3.6Pt1.8Re/Al0; E0]9] A=

tetraammineplatinum nitrate 0.0672 g= A}&3}3l, perrhenic acid solution 12.968ul2 AF&3}t= AS
AoJstaEs AAe 17} U WHE o]8ste] B Wi mE 54 Axg Wag-ds Sv(3.6Pt1.8Re/AL0;)
5 Ax38t.

AAe] 8. Wg FH F HEs FAT 2.7Pt2.7Re/AL0; Fvl] AZ

tetraammineplatinum nitrate 0.0508 g& A}83}il, perrhenic acid solution 19.603 WS AF&3Att= S
ALstas AAld 13 T3 IHS o] 85t B ddgo mE 4 AxE WMg-dE Ful(2.7Pt2.7Re/Al0;3)
5 Ax38it.

AAld 9. WFH HAws FAll FAE co-2Pt0.8Re/ALO; Sl A=

5 ml wlo]de] FH4 0.399 ml, tetraammineplatinum nitrate TtHAlol chloroplatinic acid 0.0510 g —zg8]al
perrhenic acid 6.422 W& I 412 F 257 FAV|E o] &3t 1083 wytale] Wg-#Hu WA &9
B e il
A7) BE-dia ATA &S Y] Ry 1gd 27 Ae
sto] FAISHIT. o] F 120TolA 12413 F¢k A= F &%
gk 5, 10% Ho/Ny 71A &$171 sk, 450°CelA 1A17F 52 3

(co-2Pt0.8Re/Al,05) S A|Z35}3T).

o

2" (incipient wetness impregnation)< ©]
2o F7] &7t 300T, 2417 H<¢k I
ANA, B g & $£4 Axg WNF-gs 0

=4

rjg °—“ oo

_10_



[0097]

[0098]

[0100]

[0101]

[0103]

[0104]

[0106]

[0107]

[0109]

[0110]

[0112]

[0113]

[0115]

[0116]

[0118]

[0119]

ZIHSd 10-2022-0069839

AAd 10, FE 9A F 9FL @AT 0.8Re-cal-2Pt/A1.0; e A=

71 AAe 19 ()3 (9] A TAME B, gl HAE B EFvYE Axd F, "ad AT
SAE 7] Aayor BAR AL Astae A4 19 43 e o8] dw B ¥ WS #A4
& F4 Az dw-Ms F(0.8Re-cal-2Pt/Al05) & Al Z3}F3ITE.

"o 1, 2Pt/A1,0; Fuje] A=

=3 ﬂ?iﬂ SAE AR 2 e Adstas Al 13 A WS oldste] wlwol FAHA >

T AZE WMF Z0)(2Pt/ALO) S A AT,

vl 2. WMEF G4 F dES A3 2Pt3.2Re/Al0; M AZ

perrhenic acid solution 25.689 wl& AF&3Gtte A2 ALstas AAld 13 43 UHE o] &5t F=4
A Z-g WMF-dm Z0](2Pt3.2Re/Al05) S A 23T,

Blmd 3. 5Pt/ALQ; Zwe] Ax

tetraammineplatinum nitrate 0.0992 g<& Al&3ty, #Hw 7<4—?ﬂ] SNG AFREA] ke HS AQstae A
o 13 FY3 WS o] 835ty #HEol GXHA &2 4 AxE WF FHul(5Pt/AlL0)E AT

Al 4. MF FA F FES FH 3 1.8Pt3.4Re/Al0; S A=

tetraammineplatinum nitrate 0.0341 g& A}&3}3l, perrhenic acid solution 26.341 WS AF&3th= HE
ALstals Al 13 T3 IHS o] &sle] 4 AxE WF-#HE Fu(1.8Pt3.4Re/Al0;)E A28}

Haed 5. MF FX] F FES FA T 1.4Pt3.8Re/Al0; 0l A=

tetraammineplatinum nitrate 0.0257 g& A}F&3}3l, perrhenic acid solution 29.750 W< AF&3lFth= HE
Aot AN e 13 £A8 WS ol gate Fa Axg WF-wUE v (1.4Pt3.8Re/ALOy) S A 23T}

v 6. HAu BA & AFS X5, dw X Al AT F4L YA 22 0.8Re-dry-2Pt/Al0; v
o AZ

tetraammineplatinum nitrate 0.0397 g3 A}83}al, perrhenic acid solution 6.422 WS ARRSE, AAld 1
o] (3)9] 300C, 2A1ZF B¢t EAPSE FAHS FHHA F2 AS AYstne AAd 13 L WHES ol
o] A A ER dE-9F Z9](0.8Re-dry-2Pt/ALL0;) S A F3FG T},

Hlnd] 7. 1Re/Al,0; vl A|Z

W AFA A4S AMESHA] @3, dE A7 &9 perrhenic acid solution 8.028 w2 AME-3 HE& A9 s}
IE AAY 13 FYd WPHES o] &Sl wgo] wXHA @ A AxE dE S (IRe/ALODE

REST-ES

_11_
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A¥d 1. WF7 FFY FA vLd WE 2o @523 58 24

(1) W) el @A ulgel we Eu 4% el

o A
= = =
Waed 29 We AZR o ALE Fe] Brad SEE S0

Alel 1 WA Aol 4 8 Hlale] 1 WA

TAH O 2, 100 ml 3-neck flaskoll ¥+3E<¢l perhydro-dibenzyltoluened 5 g S338taL, A7) A 1 WA
AAld 4 2 v 1 X Hlad 20 w2 S S wbgE gib] @559 H]Eo] 0.10% = HEo] HE

J

2 27319, 9] UEE 100 scem 2ATE AAE o] 83 1087 HA (purging) FAHS A&ysact.
B 2EE 270Ce 27 %3}1 304 &<F 700 rpme® wwkstm 7hAskglar, 4 el (steady state)ol =
ek 5 3AIE30%E T fFAE g5Ast vheS skl gAst vk Sl A A e 27
o] Wz71E AA 25C= Y74 —‘F mass flow meterE o|&ato] AAzto 7 7|Zach, W T8 F, WHg7)
= AddZd wAS o] gste] ALt WZEIITE. mass flow meter2 7|=H F£49 RyE wyada Wby
A8 o] g5t B F2 AHdsld om | perhydro-dibenzyltolueneo] A 7Fsdt 49 Euko] tzxste] g
23E A2 A, 1 ARE 7] = 19 % 1o JeRc).
¥ 1
Pt wt.% Re wt.% G238 (%)
2Pt 2.4 - 65.82

2Pt0.2Re 2.3 0.26 71.33

2Pt0.4Re 2.4 0.59 72.03

2Pt0.8Re 2.3 1.10 73.75

2Pt1.6Re 2.2 2.23 73.74

2Pt3.2Re 2.2 4.23 65.0
A7 21 2 371 = 14 vERd vkel o], v gl Wgd dES 1:0.1 WA 1:0.89] FHHIE HXA
o A4 ] of 1 WA AAlel 4), "ol BAEA A 1), duel gAEet e 47 dF HdE
Hold A9-(vatd 2) thy] Fufjo] g4astert dAH e S gRlatglon, O FoAx dAld 3
= W5 o] 1:0.49 FHHIRE ©@XE A9 Fvje] g5asErt MY S gl v AnE
T3, & ddel uel g3 @A Wa) gge] 1:0.1 WA 1:0.89] FEHIE @AE AAld 1 WX AAl4
49] EujE O SUE diH] F4 Axg SR 834 &8E F IS el
(2) Beo®, HAYE 359 TFS o6 wthE nAstL, Ngy due @A vl wE Fuf A Iels
A3, 7] Aalel 5 WA AAle] 8 B Hlald 3 lﬂﬂ Hlale] 50 ma} AzE i Axg S d54s 5
s SAsA
TAAH SR, 100 ml 3-neck flaskel] ¥F$-%<l perhydro-dibenzyltoluenes 5 g &X3tal, A7) AA)d 5 X
AAle] 8 B oHd 3 WX Hlule] bo] whE Fu| 7S whgE Oin] @55 v o] 0.10% & W&o HE
2 =739, 9] UEE 100 scem 2ATE AAE o] 83 1087 HA (purging) FAHS A &ysact.
Hhe 22 270°Co 9E7] 98 308 B¢ 700 rpme 2 wRkely sldsld i, AA A (steady state)o] =
ek 7 3AIE30%E T fAE gaast vheS Mgt ggAst vk Sl A A e 27
of YA71E AA 25CE WZE F mass flow meterE ©]&3fe] HAAzto® 7| E31900h. vhg T8 5, wkg7)
= AddZd wAS o] gste] ALzt WZEIATE. mass flow meter2 7]EH F£49 Ry wdaws Wby
215 o] R3lo] B =7 AR o1 | perhydro-dibenzyltolueneo] A 743t =49 Fefo tjxsle] B
23l FAE AN T, 1 A%E s/ £ 2 9 % 24 e

* 2
Pt wt.% Re wt.% S A (%)
5Pt 5.3 - 60.4
4.8Pt0.5Re 4.8 0.5 68.2
4.2Pt1.0Re 4.2 1.0 74.4
3.6Pt1.8Re 3.6 1.8 69.5
2.7Pt2.7Re 2.7 2.7 65.0
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1.8Pt3.4Re 1.8 3.4 46.8
1.4Pt3.8Re 1.4 3.8 31.3

47) E 2 % s8] = 20] vebdd vksh gol, vk whAlel Wt dFS o 1:0.1 HA 119 FF0E T
T AFCAA 5 WA DA ), el BAHA @AGmIEd 3), diwel BASNE 47 FF WA
Mol Ag-(uanel 4, 5) el Fuje] BEastEst A4S FPHE AL FAfUo, I FAAE 44
of 6ol W Hule] Gristest by 4TS FAsh. 47 A B, B owwe] mel Gy Aol
M el o 1:0.1 WA 119 FF 98 AN 5 WA AAd 89 Sl e SoE o] 2
Axg SN2 851 B89 5 U8 FaAstan

Age) 2. WET AEe BA 24 L 24 T iRl WE Fulg graD 5 54

= 3} Eﬂﬁgl X A E GX] Al 2 FA AR wE Ful A &8 H3, 7] AA 3, AA 9
AAle] 10, Hlald 1, Blud 6 L Hlud 79 ugt AFXEH Fi AXE Fuo @543 FHE FAHG)NT
SH2 Jﬂ Ao 17 e Wgoz JYgsidon, 5H AIe= s % 3 E = 39 YERAT
* 3
Pt wt.% Re wt.% SEA3E (%)
2Pt 2.4 - 65.82
co—2Pt0.8Re 2 0.8 66.96
0.8Re-cal-2Pt 2 0.8 72.90
0.8Re-dry-2Pt 2 0.8 22.13
2Pt-cal-0.8Re 2 0.8 73.75
1Re - 1 1.82
A7 & 3 E 7] = 3o yEld miep o] Full Al Al @A eAe FaAsHA H5T dsol ¥XE 45
G5t o] WMET X HAY e 9XE S ﬂ]ﬂ] EV“*@} FEo] dASA FFEHNoH, HA A
24 TS FIA ¥ Sl A-(vud 6), thE FulE gy E‘? 3} sl dASA Astds &<
SFATE.

7] FHE WE-dE Soiel EHe EASE dwel 32 FAs] s, 47 AAd 1A AAe) 4 %
Zulel 455 mm @bk ~AERS ZHsgon, 1 AN

T 49 A} o], HEe %o] Z71e wiEt v (Re=0) Peak’} 7ot Ao ® uEhyeEnl, WF-#HE &
ujol] EA8I= #lE2 Rel, monomer F°] FF FTUS & F ANen, F3F Stretching v (Re-0-Re)oll 3k
peakd % (400-800cm )l A AASTEAF A 3 WA A 4 R Hlae] 2 oA A% FrbehE Ao ek
=1}, o]& Rel, cluster®] Aol 2ot Aoz FAdtdAT, 7] Add 19 E5iste g ZAijoA dHFol
25 H7FE Ao 1 WA AAJo 204 FE FHuje &4 F Kl

ReO, cluster7} FAEH7] o]HAFH A Hog E 4 i, wWahA, Rel, cluster R U= Rel, monomer 34

of Zule] &4 Fxol AHH JLL WAL o wrkAr),

A& o] 4. STEM o|v]x] =3

i)

e vl WY 559 A7) 2 W5 gy AAE A s, 4] AAld 1 R AAjo 4 2 b
e 1 WA vy 20 wEl AFRE FA AFE e g9

= FAHE }{Z}ﬁﬂﬂlﬁ(Scanmng Transmission
Electron Microscopy, STEM)<S o]&3dle] 21319 on =5

&= 6ol HERARAT.
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=l ] Hoow, giRE 1 2

7} H] =gk )iii e, =g, dlgol & *1—: A= A %L% ReOx monomer
ZFo] g A7) S7HE FE(AA G 1 WX AAd 4, vad 2) Frlske Ao yehgen, #EFe AUt
ko] 7} wWe Hluld| 29 ZujolAE clusterE HAIS ReO S ele = ‘El‘}il, ol#3t Ay= vk ~HE

N

(¢}

WA Avsh BUE P wols Aoz vehvh B, ¥ 69 AnE Fa), W uwe] Fups 1 04 2
m Afole] Mg QA FHoz diel P Yt PEE /IS Fstdln

Ade 5. XPS &4

o

ol Kl
2

ﬂ!

e g gl 1 AT xR WskE gRlstr] 9, 7] Al 1 Al AAe 4 B oHlale] 1 WA ¢
20 Wt AZxE Fa AZXE Zv9 Pt 4d 2 Re 4f 9 92] X-ray photoelectron spectroscopy(XPS)E =
gom, 1 AR sy ® 7, © 8, 7] % 4 2D F 59 JERAT}.

ol
-

* 4
Binding Energy(eV)
Pt’ 4ds Pt’ 4dy:
2Pt 314.6 331.2
2Pt0.2Re 314.55 331.19
2Pt0.4Re 314.52 331.18
2Pt0.8Re 314.49 331.17
2Pt1.6Re 314.49 331.17
2Pt3.2Re 314.58 331.2
5
Binding Energy(eV)
7 +7
Re 4f7/2 Re 4f5/2
2Pt - -
2Pt0.2Re 47.49 48.37
2Pt0.4Re 47.49 48.46
2Pt0.8Re 47.50 48.52
2Pt1.6Re 47.51 48.61
2Pt3.2Re 47.52 48.66

A7) E& 4, 87 & 79 AE =9, Pto4d5/z ,Pto4d3/2 o] & binding energycenter value’} #Ee H7I=

U‘.

Hl o] 1o A F-E Al 1 WA AAld 4 712 "xF gasiobrb v 2 o4 F7hshE gRlghul, wlgo]
electron donating ° 23] AA7} FH-3A low binding energy WO 2 shift7} TASIE7F Hlale] 2004
Al HAE o] high binding energy® shiftgs FAsivh. &=, 7] & 5, 3171 & 89 AdE T3,

Re+74d7/2 ,Re 4d5/2 o] th$t binding energycenter valueZF EES H7I=Z AAld] 1 WA AAld 4 £ Hlue] 2

A F7HeRe geldtd=nt, dEolA electron donating®] WSt HAFE 2lo] high binding energy®

47) AHES B, B ouwl met Aol 2EUR ASE A%, dEozyH WIoRd A4 Folst v
Qe W Emwel At FRA Fusk slol wAel F7 M, AnRHoE Svjo] B4

A3 6. XANES 4

Moz wg 8 HE

=]
)
o
2L
-
EN
lo
'
L)
it
i)

o
ol
Ho
o
ox
N

| AAjel 1 A AAld 4 2 Hlate] 1

1
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WA bl 20 wEl AT FiA O AZRE S99 Pt Ly 2 Re Ly 999 X-ray absorption fine

structure(XAFS)E =433t} XAFS ®o]E12] X-ray absorption near edge structure(XANES) §9& #2493}
om, I ARE 7] £ 9 2 = 100 JERNSIT.

T 9% Tal, vard 1 9 AAld 1 WA AAe 404 elge] Fo] F7HEel whet Pt Ly—edge®] rising edge:
low binding energy W&o & shiftd}il, H]ald 2 oA high binding energy 3O = shift7} LAEES =2l
ghat, A7) XpSe] At FdsHAl wige] HAE do] dAHom FHE A e AT = Ao,
105 &&f, AAld 1 WA AAle 4 2 njae 2014 glgo] ol F7hetel wWet Re Li-edge® rising edge:=
high binding energy Wako @ shift7} WA olslul, A7) xpSe] Axtel =AU gFaA WMFoz A
271 ol st AS Eelakitt.

b, 7] Aas

KX lazs
dEorie WgoRo Ha Fort UrEWrﬂ%, o] & Léﬁ Hﬂ% xHe] AArt %——‘f’rf‘& FE 7t o] whgA ol
Sk Hi, daHow Sule] #4o] FAHH: He FAAT & AT

offt
:Iol:l
o
N
i1
u)
2
ol
fo
iy
o B
13
OPH
O
ol
;é

Agd 7. 2 Suote) GFASE W@

T wag Fujete] He nHluE Hdl, 7] Al 6ol mek Alzd g AxE Fojek, T wad S
of geast vHe ARG, SAS 7] Add 19 s Wer JdFsglon, 54 A= ] &%

6 2 % 11 JERHATE.

X6
Zu) A (%)

4.2Pt1.ORe/A1203 74.4
Pt/ALOs (5 wt %) 44
Pt/ALOs (5 wt. %) 40
Pt/Aleg (05 Wt.%) 51
Pt/ALO; (2.5 wt.%) 57
Pt/C (5 wt. %) 55

Pt/C (5 wt.%) 57
Pt/Si0, (5 wt.%) 52
Pd/Aleg (05 Wt.%) 8

Pd/C (5 wt.%) 16

[1] L. Shi et al., International Journal of Hydrogen Energy, 44(11) (2019) 5345 ; Reaction conditions:
0.03 mol LOHC, 0.3 mol.% catalyst (Metal/Reactant ratio), 3.5h., [2] N. Bruckner et al., ChemSusChem,
7 (2014) 229 ; Reaction conditions: 0.1 mol LOHC, 0.15 mol.% catalyst (Metal/Reactant ratio), 3.5h.

471 & 6 R &7] = 110 yehd wpep o], B el whe} R whAlo] wiea} dEs 4.2:10] ST
2 FAG S (Al 6)9] ¢ %EHOH Hud Svis v @eastert @A s Ae glssls

=
=
& Fulz f8a 288 5 LS A,

bl = Ry

PSDS
= i
v, olE Fal, ¥ wel uhe Fulsh i Al

e
qg FAY e wA A AAFEY Roln, oo o8 2 g
WU otk webd, ¥ odwel AH Welt AVE TSN A5 54 skl Foldria
@ Aot
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k1
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2Pt0.2Re 2Pt0.4Re

Cluster ing ReO,

-
2 nm
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