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Abstract: The progress of graphene-involved catalytic hydrogenation is reviewed. The preparation and

characterization of grapheme is introduced. The inherent, functionalized and doped graphene-involved catalytic

hydrogenation reactions are highlighted. Several key topics such as stability of graphene, action sites between metal and

graphene, specific surface area of graphene and metal size control are also discussed in detail.

Key words: graphene; catalytic hydrogenation; doping; carbon material ; functionalization

A1 BRI — BB B SP? %Ak ) 4k Bk 40 K b1
Bl, B 2004 A4 9% [E Manchester J5 1) Geim {50
M S B AL S5 1 0 B 2 P R
R BERAS Y B AN AR 27 55 25 A 40t e T
BRAGWTIEHIAT o PRI, AEHEAL IS U, B 2 Ak T
B R ANOKRAE R W A ALR IS R 3L — T B Bk 2
PRI AR SR o A B A A 4 S A B 5
HERIEAT A

1 AEHENFESRIE

1.1 ABEHE

VAR ERIBINK R IER A S, BRI 4 Ff
Tr ik — R FA MR B s, B R FH 0 s 10 Jc 4 34
B ORI WU R X SR TR
JERI B TRV RIH B, B R B R R,
597 7 7 8 =2 [ LA ) 0 5 3 8 R 0 i P
7 s =R A2 AR UTRL (CVD) A AR Kk
B LA PP b RS AU, L4 B UK VB AT S et
B, 76 725 TR 5 LS 4R, AR R 1 A I
] BRASAZ SE SR 7 R R . SR, X 3 2807

5 B #1:2015 - 05 - 15; & | H#7:2015 - 09 -22

H A SR A | TN E s .
SRR XTI R 2 W B R R, A G RS
e K, T ELARMERS 21 v 5 2% 1) A S8 0 R i 1 2%
InE A, MEZ T, SR A B
(GO) i J5i A5 B A S2 M M RE (GO ) | LI 25 5 ik
fRT SR IR 2 FRAE I U Al 7 20
1.2 AERBFIUEFIE

AL J5 il 24 A BRI TE S5 0 Stk e A A
[F] , 3% 2] — A R0 FAE T B Bk i s 25 Ak 790 1)
K, RAEABIGN BT B XA A
(XRD) JiF /135 B WU H R (AFM) 201k
AR (RAMAN) X FHEGH BRI (XPS) 45

XRD J7 3 B A AR o B 7 AT LA
AT AR TE R K E B A LA PR R A
95 ST NS R R AR T AR G5 40, J2 I B A 2 0 i D 7
FEM T EERAET-Be o TR ik )55 A 280 2 1] B
FEAIG, 7 20 9 25° ~27° YRHIE i £ S5 AT S i 253
98, T UL GO (938 J5AS I

AFM F 2L T A S0 o 88 R IR 24 2
LA B 2 IRE BA ) R AR T H,

HETH: HE A RFE AT H (21106134 ,21276230,21476211 ) s WiiT48 H SRRk 35435 H (LY14B060003 )
YEE R XHT (1973 - ), 2, BIBEZ, TE5E T AN AL, yxliu@ zjut. edu. en; BVER (1976 - ) , B2, BF9E 07 1]y % (i A0 6 B, 38 TR

Z N, weizuojun@ zju. edu. cn,



2015 F 11 B

FIFH AFM 36 0] DUAS 2] 4 58045 19 2-D R 1E BRI
JBEEER .

RAMAN St % 2 38 AiF fe o4 6} 1 — Ff i FH A9 7
Pe, A A PR = R A AEREIAE SE AR  LA k
Iz T A SIGERaEsE . A 8451 RAMAN S
TEAAL AT DA 3 FL N R A5 48 1) A P AL R B, 18 AT A
HR A5 115 v 25 R AR W TR A7 B iR B A AR 4k
I I A S0 i 25

XPS F T 584 LA AT AE sl 52 G A B A2
SER RN 53 ) 8 M B ST, R R AE
A A SRR . GO 1 XPS K &I Cls 1y
HEIE/E 284. 5 286. 6 .288 289 eV 24 | H BB
=5, Cls WETR 2 N A8 Ak, 006 th B8 0, 2 H il
WSS A 850 B R BB A J G DL B 2 T B, Cls

XNDHE : QRIS TR HE - 47 -

e i o FE R A RS AL R AR A1 SR MR B AN )
2 AEBNATEEMS R

YU A= A N g - o 20 i 2y
T VR AT, A 7 B P A 78 g 7 e A e
MEALINEGETE . IR e SN AR 2N s 7Y
R AIINE . BEE RIS R BT
FEHAT RN I KLk PR 7 2 250 0 52 17 452 F)
SR A BRI T HEAT — R B e B i sk 1B 24 e
PR, RS BiE. TR A
B TR B MR, N P S B SRR T, R B
A SRR ERE , T 0 A ss i b 77 Gk, 46 = kA
AL AR o AR SCHORT I AR A0 BRI e AL I & 45
SREBEFEHEATINN (5 1) FE40 250

*x1 AEKRNATHRANSRE

A BRI WEFR REMEM SJEETIRAE HEALH AR S PEAL P e
GO st — Au AwWGO  FHEZ PR PR 99%
Hummers GO’ Z — RuCly Ru/rGO I AN & S g 72 100%
Hummers GO''*! 2 " — PdCl, & FeCly Fe; 0, -Pd/rGO 7,2 Z, 1S B &L o 722 100%
GO KA — Li, [ PdCl, ] PA/rGO kS AR o, B- AR RN B 772 100%
GO Rt — RuCl, Ruw/rGO SRS INS R A 96%
Go! ARIEIE — RuCl, Ru/rGO iy b R IBUAR Ml 5648 0 &0 SR PPN 99. 6%
Hummers & Offemann GO 2 — Pt PUrGO  RYHCH S AR P2 94.3%
Hummers GO!'*) KA W — FeCl; &FeSO, Fe;0,/GO  RYFEFEMAL INE T % 99. 2%
Got! AR — Pd(0Ac), PA/GO AR IREIAS KRN AL e 99%
Gol1e) BRIR R — Ru(acac); Rw/GO  J5 AWML N 2R 1 e >90%
Hummers & Offemann GO'®) 7~ — H, PtClg -6H,0 PUrGO RSN A R R % 97. 8%
Hummers GO!'7! P — H, PtClg PUIGO  FTREREAEAL N U B 775 89. 6%
Hummers GO '*" Dzl — K, PtClg Pd/G SR A0 R PRtk 93. 1%
Go!"! — ATPMS ~ RhCL(PPhy);  Rh/GO SRS kefifbina 73 100%
Hummers GO NaBH,  BFilk K, PiClg PUGO  ZRZR RN R =5 96. 19%
Gol2! e FrEEr T PdCl, Pd/rGO  ARHIARERA X RN =% 100%
Brodie GO' — TPEN Ru(PPhy);Cl, Ru-TPEN/GO #ys ki R T1%
Graphene —like ] R PiCl, PVG PR Ak I U R 929
cyanamide >’ - BA PdCl, Mpg—C3N,  JEEMEE A I & 3 99%
LigN2 — BR FeCly Fe/G-N  {EBMRMEALINEUR Y 777 50%

TE: ATPMS 2y 32N 4E = Uk fik e s TPEN Oy N—[ 3-(kJoedk ) N5 | -2 — e s Mpg —C3 N, A1 8B R AL R AW

2.1 AERAHUERE

I R AL TR 0 1 25 S8, DR B < T ek
il VR I T TR A O T R 2 TAURAE 1GO AR
b T R 7 SR LA B A TR R Y
EVEaA

ARG PP 5 AR B AN R A i
i KSR AR ke — B , 2 AL T 2 T3 114 i A S
A1 SIHAOK R E R 2K Pl Ru 55 T T AL IR

ke PRI L il 2 Ak & W A AR @ 7 %, Cano
Y ik L, [ PACL, ] ATSR AR A GO TR A Wik
SR A AR PAd-NP/xGO, FIF o, B — /N R |
Wi I D5 LG SIS . SEgME
Tk 1R 1 L 25 PR AH HL i A AR 3R) B I 4% R 2 A, T
FXF 1,3, 530 J& = 1 7= 5 13k £ 14 2 35 )
T 100% .

W5 38 30 5 55 i R o S B 1 A AR IS 1



. 48 - HLAK, A T

THEARIG I REAPERE . Fan 45" 5 4o # 5 I
AT Ru/vGO , T — G il 5 8 £ 4 <l
XM, AE 60°C 3.0 MPa H, Z50F T 564k 4n]
K 96% . T HAZMEAL X — R 15 i 540 5 W1
ARG RIS, rT L E A 20

BIF 5 AN 00 R 6 5% P A T 05 4 i 0
T PR ERAN LAV AN 01 R L AR ) e 258 A ) 2
FIRTRMIT A8 PR PR i o A s 2 T b R 1 v
THiE, SRS & 77 W RS R A A
(e Al 3, AT 4 i A A0 n &0 B B B9 e 1. Sun
S A PUYGO T PR I PR AL N AL
Feflb 0 89. 6% , EEREGEFENE 69. 6% o PN
R 1GO KIfiA & AH RE T MIBR B ZL P2 iy Ry v
(R b 1 52 5 16 4 R L, 3R XS
C =0 W AR 1 ke C =C B3, W T A AR i
FEAF PR

MBIFTELE KT, A1 s M 0 48 s AR AR A
BAE L v £ . (H5 83 1 Sk
TAT P58 10 7K 45 R S5 6 ML AR S K A 23 S o i
IR AN M) T 396 P < e ) [T 28, A ) T 4 S 4
KRBURLAE AT S35 F AT 73 B X 5 1T A BB A 7T ik
B EIE , NS TT T, 75 A7 888 2 TH 5| ASE K H RE
VAT 05 A A1 S0 B 2R AR T B2 A
ESGUE Y
2.2 ERULAERAHEERE

TEAT S il A A SR A 2D i e L3 v
FIEREAL, PSR BA S 4 Jm B AR EAR T, S
G4 T DR, 1495 4 ) 4 R OB R <, 4 H
PRI R o

i s SR 1 B B 25 6 2 kA 2B
WAL, o U 14 Ay S i o < SR PR B E A
AP S0 R R Ty AR R AN 2] A
SRR I PR . M0 Zhao S5 B T
G| GO Ff, F A5 & %0 H BE F Y B R 45
B2 RhCI(PPhy) 5, il %  Rh—f -GO FITHEALIFE
A (B 1) o 3 h B AR FR K E] 100% , H,
Rh A ARGF 9 70 P, 16 VA7 s s7, m] H S A 35 fi
EE27 8

Ko fn SR AT A B A , AR A SRR AT AR
Yy, A R 5 | A — LR RE M, Al 2SO £ 22065
Py BRI o X ANCAT AR AR AR X 452 s 14
gia i A R R R E T, ik n] LUSe s HAR =91
ERENE , R BRI A W B A

FISBH1H

O
(o

PPh
PPh Pfh}’!ihg PPh,

NH-f-GO ¢ Rh /Rh\
2 % \Cl NH, Cl

& < N{I
"
IO
>/

* Si

GO Rh-f-GO
B 1 Rh-£-GO &1k #| & K F T
IR e B A &R B

2.3 BROEBRIBER

XA S A ATIB A%, B A T AR R 20 B
TN PS5 B AT AU, AT SR A R
AR R A T, M o L5 <5 R 2 ) A8 AR L
VERITD, S v 3R be R AR, A ) I8 R s 20 i
NS M A P 4 4 S 4 K BORE, B v A 77 1Y
PERE

FEZRIE B2 S b, N T /N
TH S C AL, 2B H BT X 4. H A,
BRA SRR 2 M AU i 5 PERE A AL~ 1
BT Ve AR DB T TS K B, A1 56
M B0 N 2520 a0 C B H - HEA , DTS2 e H 67
ERMEALF I RV PEE . Chen 257 TR A1 B4
TR BRAE LR X e AT CO I B, & B
IR RBR IR I 50% R IS L FEE , LIS Gt
PRHARIG YA A L 9 e PE . Wang 252
LAAT S AH 9 S0 AL B b1 Ay A ] £ ) Pd @ mpg —
C5 N, A T i 5 Wy T 9 1 i 045 A 2 B, A
0.1 MPa H, 65C R [ 2 h J&5 AWy 5 AL R F 3 2
B FEPEA R T 99% , iR AL GL i Pd/C, 3 Al
MEBEMEAE AR R 3T 50% o B A A B IG1E A S IG
JEA PERERY AL I, S5 T <5 Jm L 1 A1 SR 2
] AHELAR T 0, 2R T BRI PR RE , LA I i
A R B S

B AT S0, 00 SR R A T 22 B R £
i M HA B R i T 8 B, nIHE R B 0 4
B RETT i i A A SR R P IR RS et i 1Y
Wtke AR AT S AT 3R i B 25 B R L A
SRR TREALTN] , D A 80 0 M AL S U b 4
FHOTRE HE — A8 R E B

SR L A SRR AR AN S P A S AR



2015 F 11 B

T JE BRI W 1) m — m AHEAE T, Al 2
1o S B 5 X LA T B AR B M, A
R i S B R 2, T R R AR E M. fH
I , AR SN I i RE AR AR 7 A 5 S B ARME AN 41
SRS AL I PSR I . F AT T AT
REBRJE BT RRIR AN U 1A 2R, SR A B A 25
I EAR AR, SR B A A BB T ik, B
A1 =SB H NI

3 iFig

A1 SR IAE—BO N A FHE AL I SUR A
BN AR R BIE SR A — & HERE , B 5E &
AR A BLAE A1 S8 R A I SR P R E P
T PR 5 A S M A ) B A LA 7 3 A S
AR LR I RBUVEAL , LA 3045 8 1 7 B T A
3.1 AEHmMEREM

A1 B IA BR A KAT — B, A B KA A A
AR BRI SURE , A AT RE 5 S0 R AR RS IO T o4 22 JH:
BEAE TSI H 15 1 45, I e i Ak
e PRI S e i EUd B AR E v 20
HE,

HS TSR, A1 S B E S /N BN
AT AR AR O e, — LA — D SR
TN T w )5, HoR O B AR A 5 gt Bom =
(EXS T A1 SR 10 R TR 254, ol 52 J] L D1 1
M, 24 A S0 DA B i e S I, B DT £
sp’ BEALN sp’ B TCRE B AR L. FIST TR
T, A RERGE T2 W A1 S0 B SN i A L
PEAAT M2 18]

WA HFTAGE T A 8800 5 e L IR
AT ROV, BEFE R A L AE 10 MPa (1 \500°C T B
EAE AT BRIk A B R A 6
B A AR A T A A T 00 — B B R A% 1 (43 an
t=100%C P =4.0 MPa) A Lb, SO 26 F 87 274 22
73— BT R I 8 T S AR (10 Pa) T
AT RASEBAT SR IS AR 2R e . XM SO R A
it 2 A5 B MR 19 2 IS AL RE T, R UEAS i
W= A B B AR T T e B AR
AT T 18 v 5 A A ol 5 LA AT S5 1 A
il JE ARG AL R A HLE A AR AN o

PAEBOETHE S S pt SR ], 58 e SRR TE
TR AN AU 2% HE AR E 5 {53 AR
HEALTR AR £ S0 AR 2 BRI, X N2 T8
HAENE S AR FEEEREAR . A 820 A NIZ S &

XNDHE : QRIS TR HE - 49 -

T RN A% A RE DX IR R A i AR R, A S B A
2 HAR G T .
3.2 AEHREEENEEARX

— P, 4 AN R SR 7 AR AR 34 5 1 23K
BRI 428 B — E WS E A, UK 4R [
FEFERARP R AL &, NI SE B S ., (H2hA
SRR A BT B B AT, ann] SE R 4 R AR R T
P [ 2 5 8 A BRI AR G o

W W, ToBRA I A B I5 5 4RI 4E & 07
TE SRR X S 4 TG B
B R 1 B0 b 2 ML R, 2 B BRI T IE oy
(0L ) sl B i O B (BFF AL ) RN 7S T ER 1 s
(M) o Mao 257 i i BEE A HFFE T Mn Fe Fil
Co 2552t 0 4 J W R 7 A 5800 B 254 L R 2
PR, Z5R M X F Mn Fe 1 Co M & , Ao 2 1)
W BRHA7 S A BB 7S T R I s RO AN B A
2 W AR B S R FEAR I B e o I L & 3 Bff I
T 5k Z AR E T O .

T HR U IR Al CVD 346 45 1) A1 5506
FEEFRMARZHEA S, ENSSRIEFSA M
HAERT, T E 48 R, TR 4 R T 140 B
J o 40 Tang 25770 4@ IR T sk 4 K 5 it 47
BB R 1 AR 59, X FE RN AR T
sp” ZRALFTE AR = B (AR A B a2 bl
BRBA B B AL A A AR PR A SR A AR, A W]
fie 54 a8 s 2L AH EAE .

RIS R, A BRI RS 4 4 A O R
FH 548 R B A B . 1 AR
TR B R O 6 5 4 A P T s K T4 B 5 2%
N TN SR 1P NE k7N R g DR aR: 77 SR NN
B, AT LA E 4w , A 550
3.3 AEKIEREAR

0 BRI 2 W AR A AR 5 G RS e e T AR, ]
iK 2 630 m*/ g, fHIX — B dha PP A 14 2 e BEAR 4 B2
8B . T SE BRI A7 SRR R A, A
KIWFRIARE, 72 KBRS AHE R m - /E A
Ho R, FEOL LR EFFER,

S0 E H B AR A i b 2 T R AR 1 T Tk
A O LTI Hl 257k P m R B R A . Wk
A—RERRRF LR IEA . 2 —BHE 5 5
S tE AL NaBH, 38 JE 1) /N 75 GO 43 H0l
4 pH R JERRE | LR/ DA R 5 9 5 P 2 )
F/NFIES ) B8 240 80 V& 0 I o A 55
W22 AT A /INBYAS A T B0 0 o b



- 50 - LA AL T

S M LA Al A . 0 Zhao S5 78 I S
CO, A T il 1 Pt-Ru/G AL, FI A7 205 A
JZH B 45 19 CO, sl ik IS A7 88 0 O B
OTEA HM E 5l A DNA R P R 55 5 #4718
Wi, b7 280 i J2 00 T A — R R AT AT 1k A1 585
PR, 1 v L 2 T AR, 6 i A1 88 06 76 1 P I AR
FEVE

TEAEAL I U A A 2800 AR L3 i RO i
PN A AR T, 72— D IR A 2RI 1Y
TP i i Py B s Al 207 i il 5t W AR E IR VR
MR A7 S A
3.4 =RBRBARS

<5 F 1A R BB L R <3 ORI IE A
T AT 2 RO MR 1 S 0 2 1T UL RN o0 A, 2 1R
BEMEAGH SN — D SR

A 20 b A TR R RN 252 3 07 T R -
O A A REE . AR RS 5 23 A fE AR ] Y
A LR R 2 — 5 22 57, T2 i He kAL
PERE . Q4 Jm UKL A1 A B3 S0 S0 4 5
L= 4 NN I R B N L N R TN I
FEAEZE S s A [ 4 B 700 6 < Ja RS s 2 A oz
A 4 JE BRI B R KT B . AN TRy
SEYARAT AR TR RE 2 W 2 T ) SO AN AS AL, W
JLERI TR 3 i 70 ) e R i SR A A S M 1) T 4
il £ Jr k%

F T A1 SR R B3, FE e Jm AT LA
R4 | e gl B AR E N, AN SRR, i
H AT LD/ S A K FURE A AT SR B, B s 23
AN J0RL , MT B8 AR A P fiE . (DR G
TS B 2 TR A 22 e RS ) < s TR RS B 3%

4 BRE5RE

A s R A AL N S0 ) F 5 e
A1 S0 TR E M SR A SR T T R
Sk FMRIHE o 8 AR Y AR, DL
REAL B AR A1 SRR 0T 2 i (A [ 8RN 0 A A
A st U A I A PR RE A 2R . g R
153 i U THTRR 452 TR 0 K DR 3 20 ORI RO vl LA
LA A S0 AR S P O 4 ) AR S VL 2%
S IRWITEM EZTT 10 o 350, A1 SR BARTE I
AR R RS RE T, B TR A A SR M R T I 25 B R X
SRR TR PR AN ML BN g P RE A S A i AL 57
(i 5 BAT 1 T 85, I R fE AR T

S 3Lk

[1] Novoselov K S, Geim A K, Morozov S Vet al. Electric field effect
in atomically thin carbon films [ J]. Science, 2004 ,306 (5696 ) :
666 —669.

[2] Gao Y,Ma D,Wang C,et al. Reduced graphene oxide as a catalyst
for hydrogenation of nitrobenzene at room temperature [ J ]. Chem
Commun,2011,47(8) :2432 —2434.

[3] BRWEA, B, XU, 45 A A7 S d rd il o B L Al K figt
RSB [J]. kA TR %40 ,2012,26 (1) :56 - 60.

[4] Stankovich S, Dikin D A, Piner R D, et al. Synthesis of graphene-
based nanosheets via chemical reduction of exfoliated graphite oxide
[J]. Carbon,2007,45(7) :1558 - 1565.

[5] Dongil A B,Bachiller-Baeza B, Guerrero-Ruiz A , et al. Chemoselec-
tive hydrogenation of cinnamaldehyde; A comparison of the immobi-
lization of Ru-Phosphine complex on graphite oxide and on graphit-
ic surfaces[ J].J Catal ,2011,282(2) :299 —-309.

[6] ShiJ J,Nie R F,Chen P, et al. Selective hydrogenation of cinnamal-
dehyde over reduced graphene oxide supported Pt catalyst [ J].
Catal Commun,2013,41:101 - 105.

[7] Fan G Y,Huang W J, Wang C Y. In situ synthesis of Ru/RGO
nanocomposites as a highly efficient catalyst for selective hydrogen-
ation of halonitroaromatics [ J |. Nanoscale,2013,5 (15) ;6819 -
6825.

[8] Cano M,Benito A M, Urriolabeitia E P, et al. Reduced graphene ox-
ide: Firm support for catalytically active palladium nanoparticles
and game changer in selective hydrogenation reactions [ J ].
Nanoscale,2013,5(21) ;10189 - 10193.

[9] Fan G Y,Huang W J. Synthesis of Ruthenium/Reduced graphene
oxide composites and application for the selective hydrogenation of
halonitroaromatics| J |. Chinese Chem Lett, 2014 ,25 (2) ;359 -
363.

[10] Sun Z H,Rong Z M,Wang Y ,et al. Selective hydrogenation of cin-
namaldehyde over Pt nanoparticles deposited on reduced graphene
oxide[ J]. Rsc Adv,2014,4(4) .1874 - 1878.

[11] Nie R,Wang J,Wang L,et al. Platinum supported on reduced gra-
phene oxide as a catalyst for hydrogenation of nitroarenes| J ]. Car-
bon,2012,50(2) :586 —596.

[12] Zhao Q,Chen D,Li Y, et al. Rhodium complex immobilized on gra-
phene oxide as an efficient and recyclable catalyst for hydrogenation
of cyclohexene[ J]. Nanoscale,2013,5(3) ;882 - 885.

[13] Shao L, Huang X, Teschner D, et al. Gold supported on graphene
oxide; An active and selective catalyst for phenylacetylene hydro-
genations at low temperatures[ J]. Acs Catal 2014 ,4(7) :2369 -
2373.

[14] Yao K X,Liu X,Li Z,et al. Preparation of a Ru-nanoparticles/de-
fective-graphene composite as a highly efficient Arene-Hydrogena-
tion catalyst[ J]. Chem Cat Chem,2012,4(12) :1938 —1942.

[15] Chandra S,Bag S,Das P,et al. Fabrication of magnetically separa-
ble palladium-graphene nanocomposite with unique catalytic prop-
erty of hydrogenation[ J]. Chem Phys Lett,2012,519:59 - 63.

[16] He G Y,Liu W F,Sun X Q, et al. Fe; 0, @ Graphene oxide compos-
ite : A magnetically separable and efficient catalyst for the reduction

of nitroarenes| J ]. Mater Res Bull ,2013,48(5) ;1885 —1890.
(T#%52 1)



- 52 - LA AL T

J R e )l i, R 7 R R AR R T 5 3 A A
(—MEHE BRI T ) SREARNER, 774 & 4 s I
TSR 4B R T B R AR R AL AR, I 7 A 3
SRR, JLT BT AL RIS LE pH 3 ~5 (91X
[ AT P B, 7 B 05 e 30T T e, O
2 5 2 S R FREE g v PSR I A 30 F 3 AR
Fek o B, WFIE R4 T AR IR AT Fenton 31k
B SR AL 2 55— T B AT A
2.2 UREHK

AR B R — Rl HA AL R, B T
SR, W T R BRI AE ORI L JEURL
M 3 TR T s e B A A5 T 7E PR B 45
S FIRE R . R AL R e RERS E A AL
PRI , FCEAL RE TIOR8 5 B i fil T L AR L 4 A
WIBRIN , JI0  3R LEAM , OR LA . TR, A
P RAARLE T A o AL S A AR 2 T T
FEHEAL R0 B FE MR AL 90 B %2 J8 T, Min™* Fe™ ™ |
Fe’* Co® \Cu’* \Zn®* [Cr’*"* SR8 Bl il W HLAT ff
T RAEAL IR

LA, AR A AL 7 K R W, %
AL O; MnO, Ti0, " 1) -t #R 4R 5 HAT L R
EACIETE . TR R AL HERR (A0 ) 35 1

FISBH1H

B THT AR RO, 2 T 582 W) AR5 S 107 ) 8 SR SR 7 3 T
AT R , B 2 X T 7= A R
2.3 REHEL

JCHEAL I I AR R A R SR B B A AL SR
T5 e T BUACHE 2 40 2 A T AR B X
5K G T HARBETE AL AR PE B A AR
K T EREIR . G A A T SR A
LAY BRAT , 7RG ROR B 1 il BB (VB) 5
SR RE 2 T (CB) T I 125 7O 5 2 1%
WL = O B R 4 PR sl 3 1 EE B 2 5 I, O
AL 2 LR T 2O, 28 i et S A0 S PR 2EA T o

TEARZ WY JEHEALTR i, TiO, [HHICHE AL s
(RN A R A S DY =y i NN (0D Wb
HEAL S P BT 5T e 22 O EAL TR . SRR UESE, TiO,
AR AR 3.0 ~3.2 eV, fl F AR T 387 nm
I SAIERI AT G AL . ], A B H TiO,
HEATECPEAE TiO, X6 B Al BN 56 X 4 5 3 ) WL ot
WHEN. 1E TiO, HBA8k R S5 u R el fli 2
GIRE GBI R BE R R )5k o Xy
%, AT LU SRR TiO0, A9 RE 11 BR, (o i A 50 1906
SN, X Il A i 2 W AL OIGHE ], el A G AR A
/2 R R A BARHR 8 R

JEO HAE A AR E ], e pH e 2 SR ZE A AL

(E3#5% 50 )

[17] Morimoto N, Yamamoto S I, Takeuchi Y, et al. Palladium on gra-
phene ; The in situ generation of a catalyst for the chemoselective re-
duction of «, B-unsaturated carbonyl compounds [ J]. Rsc Adv,
2013,3(36) :15608 —15612.

[ 18] Gopiraman M, Ganesh Babu S, Khatri Z et al. Dry synthesis of easi-
ly runable nano ruthenium supported on graphene ; Novel nanocata-
lysts for aerial oxidation of alcohols and transfer hydrogenation of
ketones[ J].J Phys Chem C,2013,117(45) :23582 -23596.

[19] Yang J H,Ma D. Graphene-supported Pd nanoparticles : Microwave-
assisted synthesis and as microwave-active selective hydrogenation
catalysts[ J]. Rsc Adv,2013,3(26) ;10131 —10134.

[20] Lee J Y,Yung T Y, Liu L. K. The Microwave-Assisted ionic liquid
nanocomposite synthesis; Platinum nanoparticles on graphene and
the application on hydrogenation of styrene [ J ]. Nanoscale Res
Lett,2013,8(1) :1 -6.

[21] Szori K, Puskds R, Szollssi G, et al. Palladium nanoparticle-gra-
phene catalysts for asymmetric hydrogenation[ J]. Catal Lett,2013,
143(6) :539 —546.

[22] Ji X,Niu X, Li B,et al. Selective hydrogenation of cinnamaldehyde
to cinnamal alcohol over platinum/graphene catalysts [ J ]. Chem
Cat Chem,2014,6(11) ;3246 —3253.

[23] Wang Y,Yao J,Li H,et al. Highly selective hydrogenation of phe-

B BARIPPRH f T S5 R SEROULAE B M AN T

nol and derivatives over a Pd@ Carbon nitride catalyst in aqueous
media[ J].J Am Chem Soc,2011,133(8) :2362 -2365.

[24] Chen X Q,Deng D H,Pan X L,et al. N-doped graphene as an elec-
tron donor of iron catalysts for CO hydrogenation to light olefins
[J]. Chem Commun,2015,51:217 -220.

[25] Poh H L, Sanek F,Sofer Z, et al. High-Pressure hydrogenation of
graphene ; Towards graphane[ J ]. Nanoscale,2012,4(22) ;7006 —
7011.

[26] Mao Y, Yuan J,Zhong J. Density Functional calculation of transition
metal adatom adsorption on graphene[ J]. Journal of Physics. Con-
densed Matter; An Institute of Physics Journal, 2008, 20
(11) :115209.

[27] Tang Y A, Yang Z X,Dai X Q. A Theoretical simulation on the cat-
alytic oxidation of CO on Pt/Graphene [ J]. Phys Chem Chem
Phys,2012,14(48) :16566 — 16572.

[28] Zhao J,Xue H,Zhang L, et al. Decoration of ultrafine Platinum-Ru-
thenium particles on functionalized graphene sheets in supercritical
fluid and their electrocatalytic property[ J].J Nanopart Res,2012,
14(9) .1 - 11.

[29] Moussa S, Siamaki A R, Gupton B F, et al. Pd-Partially reduced
graphene oxide catalysts( Pd/PRGO) ; Laser synthesis of Pd nanop-
articles supported on PRGO nanosheets for Carbon-Carbon cross

coupling reactions[ J]. Acs Catal ,2012,2(1) :145 -154.





