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Abstract

Hematite (a-Fe;03) has attracted much attention due to its abundant resources, low cost and envi-
ronmental friendliness. However, similar to most transition metal oxides, these materials have low
conductivity and poor structural stability. Graphene has excellent mechanical properties, conductiv-
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ity and chemical stability. The network structures of graphene/a-Fe;03 composites provide storage
location and conductive framework. The strong binding between graphene and a-Fe;03 can buffer
the volume change of a-Fe;03, and ensure the charge transfer and structural stability. In this paper,
the synthesis of stable composites of 0/1/2/3D a-Fe;03; nanostructures and graphene nanosheets
was reviewed. Among them, 3D a-Fe;03; materials tend to form nanocomposites with graphene as
carrier or wrapped in graphene networks. It provides a reference for the controllable preparation of
graphene/a-Fe,03; composites in the fields of electrochemical energy storage, catalysis, etc.
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1. 5|8

b E A 2 R A R, A R A A R A Ak 2 B R R T AR RE IR BOR . I, 2
X REVE e HANAE i BORBEATIRAWE L o I I 8 Jm S AL AR R FLAL S O PR e ) 2 B T
a BN T i DL AL U EPE AT R o, Fe,O MR EATIE R ARARAS . JRBPRIESE
B A BRI, TR BT IE] (2] [3]. R0, HA SRR, B K LA K B R 1 305
BREG, E R TERE . VEGE Fe,O5 MOBHIMIEAL AR BE, T ik — S 1A A R A 4 SR AN
TR RT R SE I . 4E(0D) K 454 Fe,O5 18 W 4 3 NEE 19 RS #4E 0.1~100 nm I k. BRIE
BGEERTE K KL T —4E(ID)IK S5 Fe,O5 3B H 1 3 MERE A 2 DMEMZHY RS AE 0.1~100 nm &
DUFR B R KR 75 —4EQD)NREE ) Fe,O5 W 48 3 NERE A 1 DML RSTAE 0.1~100 nm
B BB PURKL T Z4EGD)ANK L Fe,O05 B FE th 0D, 1D, 2D A7 i) —Fh 5l 2 Ffr I A 25
W TCH BRI BB S ARE BARGUREIR . BRIK. S5, 209KE . 5 —FosklRdE 5
R ER IR R AT AR . Horh, BT A SR R MR R Rk R
R EIHUBE BE AN e U R TIAR B 2 AR O B AR R B s AL 22 PR RE4] (5] [6]. BRILE, K Fe,05 54
RIGAE G R  =4E S NG, T8 T Fe,O5 AR T oL, 410047 8206 5 AN 7] 23 (A 4E L 1) Fe, O3
HEMEE R T ZR GRS . AL EEN PO RIG S AR a-Fe,03 EEMEHI G BT %K
T I A B e o

2. AEMH/0D a-Fe,0; YKL

FYE(OD) 25 L3 B 15 1) /2 52 2 A BUE IRTE KK F, £ 52 Mfi/a-Fe,0s H &K, ¥4 a-Fe,05
YRR E R A SBIGRT EEA WM G, — R0, B AR ERIRGE, /£ 180C R
PRI 12 /NBF B % a-Fe, O3 GKRL T/ A SBIGE M EHT] [8]. A—F@&MPiE, B /a3k15 Fe(OH); [9]
8¢ FeOOH [10]40KBURLATUXAA, SR 5 73 i i 5B K T2 AT o-Fe,03 K E &Mk, 53
EHEML, KIEREE a-Fe,Os/f1 S5 5 AWM B -T2, KEEX T LA h— K, 2D
IKIANZ B 7K HGE . PLEAE AT S5 (GO) A N4 FeCls T3R5 1K) Fe(OH)s BN ERE, LUK A BHE AN
RJEF, BEPRA IR 150°C FARIR 6 /N, BRI A OA L H AR E Fe’ AN a-Fe,05, il
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FEIE 1 iR SR ZIRIEE TG, K15 a-Fe,0; AKbi 1/ S AR EH 1], %7 kR &3k
1311 a-Fe O3 YK RL T B AR 24 20~30 nm, # 4 € 1518 A A A 5545 (rGO) v R MM » 5 /K #IE B B a-Fe, 03
YRR FAE, 75— 5 S Fe(NOs)s 5K Z Mg Ll (PVP) AT NH;-H,O IR &4 7E 200°C R
18 /NI, SRJG, HIRTFH 0-Fe,O3 GUKKIF AR LB 1K, 7E 180°C N HVEEE 8 /NI [12]. 5K
PINLERARAL, ¥ FIPGEW T T 90oRRT LA BIEE MRS, 12076 &3R5 1) Fe,05 49Kk
TR RIS A A1 (8] A BIGYUK i8IS n-n HEAUE A BOEH:, JF A ALK 3 441k
IKEEE . A IEAGR KA, LIRS U4s, TERr =2 LA . A V2 730 AR 33 5 4 K
GKRL T, B, ARG R E g, f P YUY, MM AL I g /il
PE[13]; B —Fh 552 5 NME PVP IXFERI BRI 12]. TR pH EX =S — €M, N T
W pH £ 10, BT CH;COO fE4E/Kfi# N CH;COOH 1 OH ™, i@ A Z /KA1 CH;COONa #4731
I[14] BT SR 0 S R A A R R A AE X SR 1 E [ B TR SR IR X . Rt
TEA A 22 )fi/a-Fe,03 EA MBI, B33 a-Fe,O3 AUKKLT, RG34 546 76 A1 520 v v 3R TH, RIN
H R0 8 [HAERRZ, BRI ARG 1 a-Fe,0; 9K 1, 8% ASAe W22 21 W 2 R 42 i 5
1) a-Fe,O5.

Hydrazine

Fe(OH);, sol hydrate (85%)
——————

Hydrothermal

Stirring

process

Figure 1. Schematic diagram for the growth process of the a-Fe,O3/rGO composite [11]
L. a-Fe,0;1GO E MBI E K IR REE[11]

3. ARE/D a-Fe,0; N5

CAW K —4E(1D) a-Fe,O5 A KI5 51 43 A 7E GO 4K 3R, & it A1 58 )4/1D a-Fe O3 41K &
BB a-Fe,05 YK EA HILI R A RERIE BIMR[15]. iZh kAl Fe' & P Eaihn
BIGRMBIENEZ 0], SR A KA o-Fe,0; Pkt . REAMNABIHIK A R T K
BEIGPUREE, BRI REE T8, WA B EcEl . AV & BE A M/ 0-Fe,0,
K E A MR SALEE[16]. S /Kf# )G, FeCls ¥4k N Fe(OH); B, FeOOH, %A )5 £ it il kR
33 0-Fe,050 X 28 a-Fe,O5 YK H 3 ST UTARAE A7 880 3 v b, SRV IR P 5 vk LA 1) 4% D7 V2 1T A
RLRES) . ORI W Johk B A% ot DA BRI 23 AR P S0 R, SRTIIAAAE — 2B [ . 1) X4
A SBIGER ERCTRR/AN AL B AT AS GRS B RE S 2) KRR B S AR SR UTE A H]
T2 3) a-Fe,05 HIEFNT Feo' B FIR BEMURE, 75 BAERAIZH] . T Fe’'5 NaNO; 753 i H i i
BRI, FeCls (M P s e = WIITE RS o Fh 74l B 7K #4372 (seed-assisted  hydrothermal) B8 5547 24 203
a-Fe,O5 40K RL -1 20 Bk, & i FE i & 2 From[17]. AL rGO 1 5 1y SR AR & 4% 1) B AF . 76 rGO
RS BVERAT IR AR “Fh 57 o BT rGO RHAFE K E HABER/KEE R, GO 5 rGO Z [l 7
MR I HARGE o ETE LS BT IR A (Fe-precursor) M I A2, JLF-Fr A ) Fe-precursor@rGO 44K ¥
THAT AL, FFAETE T &R .
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Figure 2. Schematic illustration of the fabrication process for a-Fe,O; nanorod arrays on reduced graphene oxide nanosheets [17]

[# 2. GO TR o-Fe,O:/4MKAEMEFF| & T ERERE[17]

4. AEIEH/2D a-Fe,0; PAKLEH

B E1R 0D A1 1D o-Fe 05 £5H45h, 2D a-Fe O3 ZEH(ANR /AR [18] AKEL[19]55) th il LA A7 280 45
fo REHA RI/a-Fe,05 K FIM FeSO,4 FeCly SFEMLERE NI, it /KAIL A BIRAT . Han
SEL20RHAKIGE S 7S TUTE AR a-Fe,O5 (ML 3(a) LS E S FEHILE 3(b). I 3 FAT LLBTE
& BIECBRIE W NI o-Fe,O3 90K J1 s A1 584 /0-Fe,O5 TR S /K P B BB AL HE 51 7E S84k £ S0 4ok

200nm
—

Figure 3. TEM images of a-Fe,03 hexagonal nanoplates and a-Fe,05/GO composites [20]. (a) TEM and HRTEM images of
single hexagonal a-Fe,O5 nanoplate; (b) TEM image of a-Fe,03/GO composites

3. N o-Fe,0; KA RESEUAZEHEESWA TEM B{%[20]: (a) a-Fe,0; B TEM X HRTEM E%&; (b)
a-Fe203/GO E"J TEM IEH%

Fr&fl e o-Fe,05 WK F A BMUER W R B4, 4 FeCly i F&' B TIE MR Fe’ B 1 S35, Fe'' &1
5 H,0, RRA B Fe' B RISE [ B 5 (-OH), X481l HEn] LA AR RS54 Fe®'/Fe MFN, MY B BRI
ST -OH ¥ UH KR RN BE S AR 9K fdE AT IO L, BETR B IR BEXT a-Fe, O MR i 28 S O U ML
K, X TR BA RE 9% ) 9K e I RS 8 T I ARG, RETI AR RE K B A AR KOS P T 45 R . Liu
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21 FeSO, A A MG FE K — HMERA TR S, SRAKBGER & H 0-Fe,05 49K IR A
W SRR I IX RS ROTVE, HIA Fe® B T AENS L R EA 1 SRR T Rk 1GO, T )
0-Fe O3 YUK BB 70 HUTE A1 SR I 268 vh, R 5 A SBIR B AHIE . IR R ER a-Fe,05 49K i
SETEAT SR M 1. Wang S5[221°RH 7,7,8,8-PUFUE — HGE I B F(TCNQ OB I & 7 vk, TEN
Feh S Z RS TN TTAKE R “Jets” S50 AT TCNQ MIABEHE ZEAMY AT LALRIE a-Fe, 04
TERONIATEAK A, B REE N RIS A SBIG IR R . DUA SBR6 Z R E N OB S, 7RI 8 2 (8] R A Todt
LR A T R NARME a-Fe O dbAZTEAT SRJG Z AR, MR = BIVA 454« KSR BIIIRIE . INFTE] . J
JSLA) R PS5 RO BT RE AP SR S5 DR 3R AR 2 0 = ) B TS0 7 AL e i o 38 RS B R EE A /N o-Fe 05, 75 2205k
D SN ], AR AR S B T BE A S SIS RT3, BT3RS0 o-Fe,05 K b iz i K K. e
T4 B9 J2 T K a-Fe,05 7N 7 42K i 35852 oK

5. AZH/3D a-Fe,03 KL

3D a-Fe,0; WAE G K B [23]. ERIA[24]. SL71K[25]. %50 45K 4 (hollow nanobarrels, HNBs [26])
G4k . Wang 552316 BT A 521 /0-Fe,05 K BIFE R A M KL, B J6¥s FeCls WU EI 1 #5614
(1) 3-(=MeJE)-3R 2 I (tris-trz-PEG) LA KW R AT IR IR o ABAT 14 HE tris-trz-PEG LA §E 8% F) FH 44
i 53 25 74 [ A BAE FH R ARIE o-Fe, O 1E S A A 28 2 1T I T UM 5E B UTAR[23]. Li &5 [24 i@ i Z AL A
KL E Y T a-Fe O3 BR A H 5 A BIGIIE M B Wikl 4 fros, 8RS G BLI)E R £ i &
200°C ORI S MENRTIRAE, &= PINERTE, BEE AT IR EE I, 7> B2 a-Fe,O5 48 KK 42
by BB TR Z W) a-Fe Oy KR, H BRI N £][24]. Zhang ZF[25]K H KK #GE il & T
1GO/a-Fe O3 LTS G M B, %502 @ i ¥ 75 T H L DU i Al FeCly 1) 4 BV R -5 S8 AT 58 05 VA TR
&, G AL EEFNPEE G RS I 7 W) . Lee S5 [26 K H 3 Bl Bh /K 4k % T a-Fe,O3sHNBs/rGO H &
MEL %0515 Na,SO, Al NH H,PO, 1 AR EF], 78 180°C AT 220°C N AR 0.5 /N 43 51l 3545 5 iy
FHALE 5@) I 2 0gekE (ILE 5(b), HEEMBELS 180°C FRIR 0.5 /NS HI(H 23 5 )oK
B AR 0245 N 80 5, Zid 220°CHAEEE 0.5 /N, S8 7K #O% N 3k a-Fe,0;HNBs 5] Bt 4
T rGO KWK 5(c)). Liu ZE[271K H K EHI & T4 8 )fi/o-Fe,05 T WU AR B & AR P RAR 208
700 nm, JRSFA) 121 %5]. Cheng 5 [28 K H /K GETE N 15 42 40 5807 3R 1 38 1 25 0 a-Fe,05 41K
B, H5H 20 mg N 5280 ST 0.4 mmol )25 0y a-Fe,05 K 70 HLEE 40ml (58 1K SRIGHE
180°C A3 24 /NI o0 B REAT K AACHE, FRVEHOAEIR, MREEITIE R3S N B2 A B /a-Fe,0; 44
KEE AR Li 55 N[291 LV A S 40 A G 4% 1 A )i /a-Fe,0; B &M KL, B A
A R RIS, BB AT AR AR BB ST, REAE F2 fIX Le gl Ko T I 3 % 4k, AR K
BRI o X LETIER B S 4 /N 48 K AR B — JE e S A . Xiao SE[30]3K H — B /KL S Bt
Fe,03/rGO &t (W 6(2)), ZHIEFIA Fe'' B 7 58 M0 BHGO) T SR ERBEHESEM, %
FeCl; A1 GO KR A IN#E] 80°C, Fe’ B /KA i FeO(OH)/GO E&W). F M FeO(OH) &t GO
K VENFETE, GRS N B A2 K GO 40K i =448 458 . FeO(OH)A GO 43 5 44N Fe,05 il
rGO. Fe,0;/rGO EAMEHE T LA — B FIHGEFE 6(b)) [31], HKMEMALL, %775 H
Fe(NO,); 1) Fe’ B 15 GO W 4 &1, MIMANZUKIE, B9 JRAI3K1S Fe(OH), ik, VA FIH X
Mk FEH, Fe(OH); A1 GO & H B 771 43 il % A6 A Fe,05 AT rGO.

W Bk, KRR G S BCH I 5 0 SR M a-Fe,05 — JCANK E A MBI 7 vk . KB 734
EAUBEE NG a-Fe,05 SABIGE A, MW S Sl i/ A 2162 & MR A £ /a-Fe, 03 &
L.
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Figure 4. Schematic illustration of the synthesis of a-Fe,03 nanoaggregates and their composite with reduced graphene oxides [24]

Bl 4. a-Fe,0;s RBEANER A HE ST RENAEHEMNE S TEE[24]

a

50 nm 180°C0.5h 50 nm 220°C0.5h

Figure 5. TEM images [26] of (a) a-nano-particals, (b) inset and top views of the a-HNBs, and (c) a-HNBs on reduced gra-
phene (a-HNBs/RGO)
5. TEM B1&[26]: (a) a-2KEiki; (b) o-HNBs HERRIFME; (c) a-HNBs/rGO

a) > ultrasonic FeCI b) ..,‘,ci" 0 - 1,\/10 o
: I A WS S o0
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A4 ’ wo N, SR ,  (e— g N
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GO
5 w—
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J W N
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Figure 6. Schematic illustrations of the synthesis route to 3D Fe,05/rGO by different methods: (a) hydrothermal treatment

[30]; (b) solvothermal treatment [31]
& 6. NEIFERSH 3D Fe,051GO G MR NIIZREE: (a) KHRRM[30]; (b) BFIHRRRM[31]

- ll_.s—I:l 'ﬁ E

BT a-Fe,05 MTESIEMRKTLE L iksE T 41 8 Mi/a-Fe,05 GBS, FIASTH o-Fe,05
) TUART 4 P2 SR FLBEAT 70 360 ANERCEL, A HI A6 A 5206 (GO) BIE IR AU MK A 55 44 (rGO) 22 1 B B 14
o-Fe O3 KN T A s i A5 1, RIS RIS, S R SOSGR R . I IR) S e AR B A
IFRIFRE,  RENS 5 SR15 73 B 591 0/1/2/3D a-Fe,O5 GRS 5 A SR AK ke E 6779, H,
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P T BUR B RE TERALI SRR 2) KB4 8/ 0-Fe,0; EAMBIIEI 1] %, X2
r A VEBE I R EE s 3) IRERAEN A RN a-FeyOs 1E A1 sRI R I IR AR TV
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