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Abstract

Graphene is a two-dimensional nanomaterials composed of carbon atoms with sp? hybridized or-
bitals, which has attracted a lot of interest due to its many excellent properties. In this paper, we
used improved Hummers method to prepare graphene oxide (GO), and use polystyrene (PS) as a
template to obtain three dimensional porous graphene network (3D-PG). The average micropore
size of the porous graphene is around 200 - 300 nm. This kind of porous graphene network re-
duces graphene’s unique stacking and self-agglomeration, and also helps to adsorb oxide nano-
particles. The Mn30./3D-PG composite was prepared by soaking the porous graphene film in
KMnO; solution and then a hydrothermal reduction. The experimental results show that the mor-
phology of the composites is greatly influenced by the hydrothermal condition. When the hydro-
thermal temperature is 180°C and the hydrothermal time is 20 minutes, the surface of 3D-PG net-
work is coated by homogeneous Mn3z04 nanoparticles. Mn304/3D-PG composites with the unique
3D hole structure of PG not only contributes to the high loading of Mn304 nanoparticles, but also
the increasing of the specific surface area of the composite, which is expected to be as a new gen-
eration of lithium ion battery cathode materials.
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Mn;0,/ =8 LA RIBEAMELEA MR =4S, EEEEABM:0.80K58, XEBTRE
SEMBEHHRETR, FERNF —ROEE TR AR e,

E3: 40
FBIF, Mns0.H0KME, RBEZIEPS), =ELFEH

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

F RN BT A AR R RGO R, BRSNS R AR L A Re
FEHE, o R AEEIRIL 2 S B T T R R R T KR R N E . SR, BT AR
IEDK P Z WAAAEVS S PLR A EAE I D [1], S8BT R A SBG A S I H A S, N
TR LR T AR S L B A RYES, DRk, =42 FL4a S50 7 AR 2 R i . i
i, Li 55 ANF 4 B 28 H S A AR iy A48 1 — ol (0 BRD B8 T AC R AL T %, il T —Fhim R
R =YE07 |2 2 LA S m M 4% [2] . Wu SR T —FhdE T = 4E A S0 R AE 4L (3D-GFs) i 43 J2 5 WA v £
Ghke, AHEEE R FLBR R 3G ) = 48 S50 R (GAS) T AE TSR IR, T AL A2 HHE A S8 0 3R T 35
SJAEKI AR I 2% A R [3]. Ren &5 A\ CSR FH #AGR B 24236 T 2R AL Bk A S Sl 4 17 BAT KN 50
FLAE AT BT B = e 53 |2 2 FLoA Sl B IR [4] . R I BN [F) 7V & I =48 2 fL A S (PG), A5k
J AC I ZH e I AR R A B 2 AL E%, A KEER AR & SRS H2, NELF AN
SR B AR VE I 4 15 72 2R = 4 22 FLEE R A BB IR T AR LA Bk

Z AR SEEE N MR R BB S VF 2 YUK EDE B &Y, 1 Si &, Bgekki v, JiEeER
KR 75, TE/KACEE[3] [6]. MEAFI[7] [8]. BEEST-HIR[9] [10] [11] [12]A0E L FRZE[13] [14] [15] [16]
ETTHBAET 1Z IR o Su S I G 4EANK S5 MR B = LA A R R AL I FaA 2B e, RO
AT 1) e IR = A0 S A< R A ANK A (G@MO@C) 4k 7K | A s A A, 4 1B 1 i
fIMERE[11]. Wang %5 A DUA SIGR A 9K B G MEHGNCC) M IER,  miiE Mk (AC) Atk Rl
w7 PR T RE 1 L 2 R A A (BT T T R R B R R 7 3B 10 mg-em?) [15]. BT ARG A
BAMEFEE . WG MAPPRIEI 2 FEAGSERR S, OS2 2IAH SR TN LA RNl I = % 3 . Truong 7
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150°C X KMnO4 IR, [N 2 73 8 rT 45 B BRI MnO,, [ LI TR] 2y 15 43 B H 3 MnO, 49K 42,
SSEEAT F) 30 43BN, P I B AR 2004 100 nm K4l MnO, 49K £6[17]. Zhao 1 160°C /K& AR
SAFKANERR B AR GURAE, IZGUKIDIR AR B T = 49K 8, B2 AN IR SR S A 21 25 T
F%[18]. Ashoka M7 120°C~160°C /K IREE T F HFE 7S T H B U2 (HMT) % KMnOg 34 J5 i 75 2% )\ T
WTEA ) MngOq 9K KT [19]. SRR S MPUKM B BUAMK, B0 LE A B KT A 2 M L 5 2%
BE T HIB AL R AR, (RS, SRR M s BRI T SEBRA A R o R gl
K& R E AN S0 SRR S Y R A, Be OGO R B P B R ER R, TR BRSSP A ] Y 4%
SRR AR RE ), RO KA S0 5 9K G B S L IR P [F) 280N [20] [21] - Paek ¥ SnO, 44
KIORLZER B A S Im Aok v b, w521 SR, Frikf3 0 SnO/GNS I nli¥i4: 75 &4 810 mAh/g, 5
SnO, YKL, HAGH M RE R KIER[22]. Cheng $&H T —Fi T4 S8 45/MnOL/CNTs 9K 54 44 kil
P mRE N AR AR IR TR, R RIS BRI MnO, P RIME I RESR AL O 0
PERE[23]. S HALEIE & B SR, A SRIEIAK SR A E A AR T ARRUR AL T 5 PR
5 R o S5 ) B T SR P A 7 N [24], V2 0T T R IAT S0 1 22 FLAL AT R n &2 A AR L 3R AR
NI R0 I B TR RSB BT 51— R A 0], MoK A SRR IA0K 6 8 A B2 G R ot i 2 FLES /) R
HREME L.

AR SRR B 05 (PS) AHEHERAT, 1 URTG MngO)/ =42 AL A SBIG R A Mk 12 fUA B4
(-3 A FLI v 200~300 nm 7645, IXFhAFLIF S5 M08 /b T A SRR IS S E SRR, 1 H A B
TP AE A G IRL . SEERRI,  ¥95) Hm 3R AE 2 LA S5 0 MngO, 4K 5 AR TS5 5 7K #4
FAFARRKR, H&M MnO) =42 LA RIGE G MR T B A MR =4 fLIR ), Re o KiEA
SAHA MngO, GUKIETER RO T RN, AEKACEE . WA, ALJES . RALH. AWbn &y, M. %
RESEAH G IR A oK 8 % b AT e A AR IR N AN

2. Kh
2.1. SHAER GO KHl&

K BG3E ) Hummers Vil & 200 A 305 . 2 5IFR S 8 g RERBE A58, 8 g iHERHI(Na,NOg) A
384 mL IREREZ H1—-10°C N B — W 5 , B AT R BN =30/, #4 FREL 48 g =i R IR AT KMnO, 7E-10°C
A NN TR, FIRCAWHEE, BASREY 2 M. BERIREGHET 0C FrkF—
AN, SRJETHIR . 35°CHRFE 12 /NI o FREIAMRI% 2 0°C, AR N 320 mL L &K, HHEA
1.8 L 1 H,0, I& M (H,0:H,0, = 4:5), {255 0°C 24 /N o B A1 MGE It 22 VRBei B O i o2 pH il
PE, VRIS B A B .

2.2. BETH PSIHIEZ

W B IR OIS e T 30 mL LB FKF, TR AN =30, RRERREIANCE S
IEAE R EL , EGUSURE T FHRE 70°CIGRE I HE 8 /NI, (TS IRBL. K BT A3 18 v PR B8 0k
e, VRS TE 45°C I A TN IRESER FIBRRR S 12 /N, FRRES OBk 51 T 50 mL &%k
(2 mol/L). fEFHERAINA 2.0 g 3% WEFRIN(NaS,0,), 7E 75°CHIZKIEIR L 4 /NEF,  FRRES Lo
EHIESE b5 R

2.3. Mn;0 /=¥ ZF A BRKBE M HBHIZ
12.5 mg B A S50 AT 10 mg ()RR 2062 T 10 mi 1) 25 oK, i 8 P e A T A
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TR B R MBI G  N AAA SBIGIE R P OIF e o i re, B T g, 753 PS/GO HR. #
752 AR E T U P 500°CIR K BABR 2 PS Bk, RS H| =4 fLA 46 (3D-PG). il it FE &
1B 5l 0 (K 2 LA SRR IR N KMnO, 3, IR s S24E 180°C R 2073k 34 10 734, 20
OrBR. 40 pBRAT 60 Bl FRREE AT, WA MnO) =42 fLAO S E a4

3. BREIHL
B 2(a), € 2(b) 4t KR AE AN R %55 T OB 206 PS BRI SEM T3, WP T LU B PS S 3LRR

°
o % ps

75 20min 500°Cil ‘k5h

HaiR ArsF. (5°C/min)

Figure 1. Three Dimensional Porous Graphene preparation process
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Figure 2. SEM images of different samples: (a) (b) PS; (c) PS/GO; (d) 3D-PG
E 2. FE#E&BY SEM: (a) (b) PS; (c) PS/GO; (d) 3D-PG
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T, BRIRK/NFEARISE], “FIEZLE 200~300 nm 2 (8. € 2(c)4h i T PSIGO [ SEM £, M AT i
2%, PSERIAMEIUR H AR GO B HEFE, X EZE M Tt LR, AR H 2 GO &
T I ) Hummers D724 IR I 75 20 BOEE K R, B ST ON T B RT3 25 (-OH) A2 54 (-COOH),
DH LG 1) 25 1) GO BT 7 FRL, T PS BRERAT IR AL, PR R 20 2 R) ) FEUAE LA PR BE T PS BRTE GO
BISIH oA [1] . FFBEIE M50 550 240°C, 7 280°C R fix — Kk th R, F-ATTX PS/IGO #E47 500°C
IR K, TSRO O R, BT R SR R SRR B TR 300°C 4G [25], WRTE IR KR E T
PORAE AT E A S G O JE A 380, AT IS 81 2 FL A SBIA L5 . 18] 2(d)%8 2 X PSIGO i
47 500°C B K S5 RS . IR RTLAE H, 3B K S MRS B = 4E @ fLIR 451, WA R PS
BRAFAE  JRAF I =4 2 £L.41 52)75 (3D-PG) I FLIF K /N5 PS (1P 3 R~ B A —F(, FL4%7E 200~300 nm . [f],
3D-PG [ =4 A 5207 W 2 BE e i S B g oK & B S ik, A B TR s E &M B LR AR, v g
Rk b By )2 ) ik LB [26]

PRI SCHR[17] [18] [19]8F 7T, KMNO, - AEASFI I K S AT N o] LA BRAS R T30 S M S AR AR B9 -
AT =4 2 FLA SR BRIELE KMnO, ¥, B T S il K RONETE 2 AL A0 800 BRI AR
AR UED =2 LA SRIGE AR, B, BRI IR =4k 244 8% 3D-PG 5 KMnO, 7E 180°C 17K
PEEAE T B 20 0B R PR S A M EHIOE I RAE . 8 T S MRS R KRS R, SR
X AT (XRD)XFE g AT 204 o 1] 3 4 th 1 #E %241 T il 43 2R 2 A AR XRD BIATIHTI% . A
W LU, XRD [RTSE SEZ HL55, SRR A 6% R BURAR 4, 1 B4 PR LR 22271
BADBERTLAE R, 1£ 24° BT 19 BAG AN m R s BE (R i, XA 5 T A0 SR 0 1R (002) AT S0 7 43° PRI IF B
A ARG SR B ) B 0, X6 BT SR04 (1) (100) [f s T EAT SRR L 26 O 32.41°, 36.04°, 44.37°, 58.89°,
60.02°, 64.68°4b AT LAW EZH SRR 55 FIATES 6, 43 7% B2 MngO, (JCPDS No:18-0803)11J(103). (211).
(220) (312). (224). (314)fhTH . FHILIRATATLAHGETE KMnO, 7E 180°C (/K # 26 1F T ATl 19 2 (AR 9K
B MngOyo U 85 IS A A RE MngOy =4k 2 £LA7 52J75(3D-PG) 1 45 & LU A, (HFESERRR FH
S i FR AR R T R AR, SEm BRI, AT 32 mdA ki Bk 22 1 e[ 28] .

 4(a) & 4(b) 4 B4 H T AEARTRBCK 550 9 MnO,/3D-PG ) SEM K. MK 4 v B B Hi, 3D-PG
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Figure 3. XRD pattern of the as-obtained Mn;0,/3D-PG sample
B 3. Fr3R13H Mn,O/ =4 2 7L AR MEHES XRD
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5 KMnO, 7 180°C F#FF 20 min &, Mn;0,/3D-PG B &M EMAFE T =4EFLIA45H, MnyO, 49K Bk 35 2]
1413 3D-PG JERL Mns04/3D-PG HE &KL, H MnsO, 99Kk K/N2)A 20~50 nm. Mn;0,/3D-PG &
AWM BRI IREE T =4 2 fUA SBIG LR ES ), X P AMBIE KRR & T 5], 1fi Hk
T BRI HER S E AR, BT MngO, 9K BRL. K MnsO, 9Kk 5 2 £l 580615
4, 1331 Mn;04/3D-PG E &M ELEA & f1Ek. R KNS —Vlf . S5 A5 s, REls g X W Fh
MARFERAAE I (R, T2 AR R I A [N 45, ST R B AR HRE 70, 780 K Z AL 5885 MngO,
YRR IIORE 2 18] (1) Bip 1R R4 82 20] [21].

N TR FOK T RS Mn30,/3D-PG EAMENESLII K R, BATECR KA ], A7 HH OGS40
FEXFEERBAT T T, 5(a)~K 5(c) 4 Mg H T AE 180°C R /KM A 4351 10 4%, 40 43#h. 60 405
JIT A 1 MngO,4/3D-PG 1) SEM o 45 2 FL A B4 A1 s A BR AR & VIU/E 1o IR 58 R 5 R4 10 20 s 7S 21
SEMER SEM, WnlE 5(a)fn. H41E 5(a)5 15 4 Fros (7K ATy 20 238045 SRR S gEAT X LG, W] R
RIAE 3D-PG (IR TH P 5 /D 51 MO, AR FRL, 1 15 B 4n SR /K Ft (8] KR, KB4 KMnO, ¥
I ARAPIKFGE T S MngOq PKIIRL, 1T R S J5 B A O 5 6, Wit B |l TR AR TRl i, v A7
FERF MnO, 50, Bl SR TR, SRS AR i v 1 45 (0B g /b, R WK H4r MnO;, B8 1
PR JE B A MngOyo 7K IRIASWTIE N, FITF= A2 OGRS TE SR8 R A T X038 o 24 ) ML EAT 31 40 43
BRI, 45 200040 SRIE 2 AR SEM W& 5(b)FoR, BRIREEERFRZ AT WL, PURBRLEE AR il 4K 3 E
HH A X ATR I AR AE 548, KR A8 el L AN K B B 38 TR BRI AR AR 4548, ok

NSty (S

I 1 ! X .Y & 5
| 518000 5.0kV 9.2mm x100k SE(UL) e SUB000 5.9KV 9:2nm x25.0k SE(U

Figure 4. (a)~(b) The typical SEM images of Mn3;0,/3D-PG with different magnification
& 4. (@)~(b) MNn;0,/3D-PG ZEFRRIMAEERTHIEE! SEM &

SUB000 5.0k 8.0mm x 100k SE(UL)

Figure 5. SEM images of the autoclave was sealed and maintained times of (a) 10 min; (b) 40 min; (c) 60 min at 180°C
[ 5. #£ 180°CTF, ARk K RIATEXTR SEM B: (a) 10 43%; (b) 40 43%h; (c) 60 S
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s BEIAURTAE S O AR Rt 0K B B 38 SO I AR R EE K . O T E B e AR A
B BRI, FAT 0 A T AEAS KRS 18] 5 (40 738F, 60 2081 ) KPR kK] XRD B (A &ER),
FHEIH) XRD FIATHIERELIT 5] 3, X UL SR KIS 18], FS BRI SR PURAD BT IE /S MOy 12, S
B3R B Mn3O4/3D-PG 5 A MR TS T DI IT 7K R [ SRi458 24 7K ARt (SR I, KMINO, YA HRE S AS
a4, VAR B MngO, AKBTRL: 7K [B] 2 20 23S, K& MngO, 9K BRI 385 5 8 %
FLA S by TR SESEA K I R (40 73 Bk 72 2 FLA 8R40 _EIRBAR T AR K] MngO,4 9K AE -

4, 4Eig

W R CIGVE NN, PTLARI & =g 2 LA S5 . 7E = 4E 2 LR BB AR -, SR — &
BRI L A T Mns0,/3D-PG &M, Z4efiteiR s g, HRSPAJLEYK, HERAN
200~300 nm FIGNKER 5 40K 21 il SR 45 SRR B Mng04/3D-PG & &M B SR AT LI I /K AR 18] R 1
. Mn30,/3D-PG &AM EFEA IIAE: = 4EFLIMZE M, BERE = 618 MnsO, 9K KL, XEBTIREE A
MBI R . AT — L TAE, RS RIHAIEST MngO,/3D-PG & & M RHRL F T8 B ¥ Hiith
MR R, DU 3R A3 i 1 BB A 2 7 H vt P R A R

E&mH
FRELITE R 2017 SFAGOCFE QIR H %8, 55TH %i 5 201710394085,
SE 3K
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