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Preparation and Characterization of Graphene and Platinum/Graphene
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Abstract: Graphite oxide was prepared from natural flake graphite by chemical oxidation method and

subsequently thermal expansion method was applied to produce the expanded graphite (EG). On the basis of this,

we employed the microwave-heating ethylene glycol method to synthesize graphene and platinum/graphene (Pt/Gr)

composite. The SEM and TEM images revealed that the graphene we produced by our method was subtransparent

thin film with layer structures. FT-IR and XPS were used to characterize the amount and property of carbon

materials. We found that grapheme (n¢/ny=5.94) can be used as the carrier of high platinum loading PEMFC

catalyst. When the mass fraction of platinum increased to 60% , the platinum particles can still uniformly

scattered on the surface of graphene without aggregation seriously. The particle size of platinum was 3.8 nm on

average.

Key words: graphene; thermal expansion; ethylene glycol reduction; platinum/graphene

A0 S50 HA VRS B BT R AR RS
R bR I IA 2 630 m?- g, A R IR Z iR
FE 5% ) 1 5 3 L B S #4(15 000 em?- V-7 ALK
WL TR AR 2004 AR S 2 )
HrRE K221 Geim #UHZ S5 1E Science AR T KT
“TUBLAR R B 12 " BRI SR M 0 B R SO =4 X
S0 1T 58 2 W T il I AN W AR AR B 5 W 5 R
VEOI T ZERIQORMRL 47 8506 77 R 1) 45 40 S PEBEAS

Wk H391:2011-12-07,, W&l H 11 :2012-04-06,

%% 973 114 (No.2009CB220105) % By H

KR A . E-mail : jhtian@tju.edu.cn

ACUR B A LA A} 22 F 5 T T A B 2 (L, s
& RLAF AN AR 22 T A 45,

FLR AT SRR A B R — PR S SO LR S
I BIATRE | R T A 2 A T T LA 57 A R A
15, ARRATIER W 4Bl 07 ik G W0 A1 8806 2 AN 2
—ANE 3 H G PR G H B AR AR e
FAAE DR T AR A AR R B WOULRE 4ol F il o
A S0 1 T2 BT AL AR LR 20 B i Al ST



1542 Jx Hl fk

- %28 &

PR AMIE A K B AL A B8R Ik A5 08 Hoh 4R
b B A i h 1 T 2R BRI A A2 S

e R FH AR Bl 30 8 4 R 1 S8 Ak A B8R T ik v |
S Ak A B 3R T Y AU A A T I R I T A i
K CO, FUKZETR, AR AR s SRR T o R
B, 7= A 04 J2 18] D0 A5 0] el ik A B 0 )23 B) 1
ey, A Ak A ™ A R K R B0 AR Se i e
TR A K (800~1 000 °C) /N 1T 36k 4 Hhu 23 5 ik 1) 5 2%
DA R 3% 1 20 B 1 AR A 0 T ik 2 AR (300~400
°C) I Ak B R FH Ak 24 38 Jnem Ak 22 548 J5UF] 5 3
P I B Ay 5 2 T B A i P 0 ) e R A o s A
B I SR A T M BT, A 5
DARH 1k A 3805 R J2 0 HE 28 i B 9 TAR AT a2
{EL 3 Ay B8 0 % T T RE DY (0 7 00 T 7

AR S0 R P I B ik 25 6 & A R A
AR RL RN A SRR AR N AR SCA T
BB R G RE, BRER P Ak R R R AL T
URAT T R T H— B R — AR A 4
BB (PEMFC) P T 3% w85 196 1 0 e Ao PR ik
FNS S PRI AT B8 b 43 A 7E 5T 38 46 A5
I T AU IX DA 345 5 B 4 Ak 550 R 5  PEMFC
ALY Pr 80 F 18 20wi%~60wt% , Pt kL R )
TE 3~4 nm, HAEZAR 25 BE 4000, A BRI JhRe
3 T AR M A AR e 28 R0 O T L A

1 SLIgERs

1.1 BERAENHE

K HECHE 1) Hummer %6 R AGA & (GO)M,
W v Bt R (R R T b 2 i) L)) RN B R LA 811 1A
FULIRA TR A VKA S, SR I H KSR Ik A A
(REETT AL 2= AR ) A AR R LA 103 &
REBSEEAGRRR S BibE 0 2 h J5 R vkt
45 CARKVE RN 30 min, ZJ5 FRREE A VK Btk T
T 1005 e A T S8 R R 25 B K TR o o B TR TR
45 COKBIFER L 4 b, RESHE A 3%I1 3
AL SR, B E AR B R 88 S IR BT HOAS
PSR, B O B EEER A
) SRR 25 8 T K SR A il BT B T AR 95
B A i Al ™ ), 70 CCHEAR 9 T 15 3 7tk A ik
AR (AR S bR TR TR B 3 R R TR T
BARA BRA T = i),

FRH— 2 2 0 R T A B8 B S A B
FEL b ERAAAT T, P10 C-min™ B3R

FHER E 400 °C, 7E %R E T4E5E 4 h 2 )5 212 iR
2 E RN TE 2 E KA S (EG) KR
TETEAE 2

1.2 AEHFERESEHHEHER

SR B N #4201 — 25 30 B P A B
(1) EG By A Hoin Al i 2 B FIK AR A 7, 8
PG G B B A AR 0.5 mol -
L' 9 NaOH & Z P38 WM pH 2 11;(2) K&
BB R AR, 700 W IR 2 min, HE =
W, ) TR == 4 LB KRk S
BESE VR U8 80 CB M T 1Al T4 15 3 4 B
I FE b A SR AR TR O 3k A RO TR 4 B i
1) PYGr M BE A A Z Ab 7E T 25 B8 (2) Z I 1 in 43 53
TN 0.7 mL,4.0 mL AHIR Y £ —FEHW (7.9 mg-
ml), 2[Rl R A 07 2RI 0T 253 5l 2R A5 BT
A EL 209%F1 60% 1 PYGr # 8L,

1.3 AEFHIRIE

AR R K ST B (36 FEL 2 )
Nanosem 430)% ik A BHE S 47 RAE (8 135 5
Bi(HA JEOC 22 H] JEM-100CX T1 )W £ 4 i 14 5 2
GUER G4 X B ATH 0 R H AR 2 DY
max-2500 # X FHL AT AL R Cu #8, Ka S 2235
(A=0.154 056 nm), & HLJE 40 kV, B HLJi 200 mA
Ay 8°-min, AL 20 - 10°~85°,

K H KBr e R i il FE | 78 Avatar 360 B £ 406
TEAY b HEAT I ULZE M BHEE 400~4 000 em™ 78 [
DA I AL D6 £ 57 8 4 T R o T 5 B BE AT

KX S 2O HL BB 3 (ESCA system Y
PHI1600 #2)I 7 Bk 4 k2% 1 1 480 3% &, 16 Mg K
AAER X BT, MIAIAEE 25 10°~107° Pa,
SRR Cls M T255 FE(284.6 eV),

2 RS

21 BRAEEHEAEZEHRATZMIL

T S A A B TE A A SR 2 (] e S
B R T AR R W P AT AR TE A1 SR AR
FI WA AR, SRR S P o
M Sy ks ) B AT L AR R A I A s 3R T Y
Bea , 150 12 KAy 58 v (R Bl i1 H sp S5 B AR AR sp? 4
A SR ST L 428 % ik Ay 8 3 T % S T i
KBS BE L, £ R AT DURVE R R,
& U WE S B T K A B K S B0 I K A B 1
— KA, 0] LA s k0 B AR v Ry F U R 5 v



4% 8 1 Wi 9% A R GL RR 4 B AR 1543

(a) EG; (b) Gr

BT A S5 A S0 1 A SEM ]
Fig.1 High magnification SEM image of expanded graphite and graphene
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Fig.2 TEM image of grapheme
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Fig.3 Infrared radiation spectra of carbon materials
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Table 1 Element content on the surface of carbon
materials
GO EG Gr
Oxygen content 32.30% 20.60% 18.30%
Carbon content 60.10% 79.40% 81.30%
C/0 248 5.13 5.94
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Fig.4 Eelectron binding energies of Cls in carbon materials
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Table 2 XPS data of Cls in Go, E-GO and Gr

0
C-OH /N

Sample C-C/C=C oy €=0 HO-C=0
GO 284.58(59.43%) — 286.6(33.07%)* — 288.63(7.5%)
EG 284.61(54.6%) 286.72(24.72%) — 287.56(11.99%) 289.23(5.63%)
Gr 284.61(59.44%) 286.12(22.97%) — 287.72(10.38%) 289.4(5.15%)

*Here part percent contribute from C-OH and HO-C=0.
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(a) 20wt%; (b) 60wt%
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Fig.5 High magnification TEM images of Pt/Graphene with different platinum mass fraction
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Fig.6  XRD patterns of P/Graphene under different

platinum mass fraction
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