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Abstract

In this paper, rGO/TiO: composites with different amount of graphene were controllably
synthesized by alkaline one-step hydrothermal method (the content of graphene is 0%, 1%, 5%,
10% and 15%). By XRD, SEM, Raman, Nitrogen adsorption-desorption and photocatalytic degra-
dation of methylene blue solution (MB), we explored the effect of graphene and its contents on op-
timizing TiO; structure, morphology and photocatalytic activity. The results indicated that: (1) GO
was reduced to thin-flake graphene in the strong alkaline hydrothermal reaction. Besides, the
doping of graphene did not change the crystalline phase structure of TiO;, but resulted in the de-
crease of particle size and increase of surface area when it comes to composites. Secondly, it also
reduced the diffusion and transfer impedance of electrons. (2) Appropriate amount of graphene
not only enhanced the effective contact between pollutants and photocatalysts, but also can be
used as electron acceptor to promote the separation of electron-hole of TiO;, thus improving the
photocatalytic activity of TiO:. (3) But excessive graphene would be able to covered partial ac-
tive-sites of TiO; and participated in the formation of agglomeration products, which was not
conducive to the improvement of TiO, photocatalytic activity. Therefore, rGO/TiO; with 5% gra-
phene revealed the best photocatalytic performance, and its photocatalytic activity to MB solution
increased to 86.3%. This provides a reliable way for the ecological development of Carbon mate-
rials modified TiO; photocatalyst.
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1. 51§

A, AR AGEIREHLE B HT RN S E S, ARIX— 8, HRESTRIE&EL. EiE
P B BRI AE SRR T . Hodr, Tio, & —FitE R, JERE. B0 SEME, &
TAIRER. R YEREIUB AR S[L], BORHBBUR 7 AT SR . HAT, A% TiO, S b B bl
TSR T2, AR R AT e 52— Le R R AR A . AR e . K PSR RAK, SRR RE
HREE2]. W, FRE S R TR R MUE Tio, RAEMT AR L. H B THBR. ReEil
FUL ML 2 SRR A5 3] [4], AT T8GE Tio, Kb MALPERE. BRIk 4h, TiO, FITESR . pH E.
PEFRIAN . 45 00 25 R Rt 2 e fE AL P [5] [6].

AT, FERT B EAA R E ML XA ORISR 5 2 A A, HTHEME Tio, Wk
BB EYE. CHEFRWHA S, SERIRIAIR. FHEMERNE SRS, 7A@
TiO, FICHEAL R [7]. FeHE 5L R M-OH #2555 TiO, i h* [ S A 8 Ak OH-, i TiO, AL B AR KL
TSRIRE TIN5, T SO R BN ER[8] . T SRBRME M AN 5 TR B 2 1-OH AT 7= AR 5 A AL
£ OH., EAHFT GO MBI . B, ASCEE B — 2D K B2 ] & AN [F) & 2 A S IE B 1
rGO/TIO, &KL, @it XRD. SEM. Raman %W B i B 5 3R AE B AR DL AL IR iR MB VAL
MR, R T A 8B S s Bt TiO, 54, TES 5 Yo AL TS P 52
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2. EW
21 FERHA. LEF

2.1.1. FERF
KR T BE(TBT), & FE(EG), T/KZEE, KOH, KT Kermel ikiflAF; vKEGER, PUBeib TRy
HIRAT; NaOH, KENHOLERFEABAIRAR: GO, VLG &In TR E & T, —kFEE K.

2.1.2. FENE
85-2 fii J14iH4%, PHS-3C A5 535 4111, KQ-250B A M iE 1ige, GZX-9030MBE % i 5 X T-15:44 ,
DZF-6020 .25 T-1#46, GYZ-125 %t kKT, 80-2 Ml B .LHl, YP-2 &ML, AUY120 B4R

2.2. AEIHEEN Tio, EAMRHIE

2.2.1. TiO, Hy#I&

Ho, BUEE EG 5 20 mL B FKECHIE G, MR8 A 1 mL () TBT Al 2 mL 7K LR IF
FRELBEHE 1 he ik, Fi& & NaOH(5 mol/L) iV pH = 9, 4k&L4ittE 8 h, 153 TiO, AT IAAE M .
Jeis AT IRAAR TS R R 2 100 mL fm K RO NS, In#E] 180°CKHUR B 12 he Ff RV FIRA EI A
Fi, HUUELE G, HE. KK SEAR RGeS 2/ 3 Ik, 80 CH T 12 h, #ilf3 TiO, 4K
2.2.2. TEISEABRKBIEN TiO, KFI&

ik 2.2.1 FECH] TiO, AT IRARIE, JFIMAAIR S & GO, ZiR P A AL 2 h, IR G5,
MR ZAT R, 180°C /K HH £ AN [ A7 845 5 B rGOITIO, 4k ATk, FHARic N wi% rGO/TiO, K i o

2.3. HmRIRLE

KH H A Rigaku 2w (1) Uitima 1V Y X-55 S AT A 5E #F K di A 254, 4938 10°/min, 9370y
5°~80°. ffH HAx JEOL A w|f JSM-7500F 34 H — & Sl B Ik i A4 (1) T 3 R 3R T 2 0 15 o FH 9 [
INVIA Raman Microscope $ & Yt Al 5 4 7 46 ¥ 5 B, 378 B~ 100~2000 em ™. f# F 7 [
OXFOXD INCA PentaFET x 3 8 X-GF £k e i 7p ATk & o R . fHI3EE Edinurgh 2 =] ) ASPS2020 H
B s AR 2 1T . SR 2 [ Varian 22 5] Carry 5000 %48 407066 BEACI 52 RE SO, HETT 20
HOBATEE . (6 B R H A B CHIG04D AL Z: 73 B A kAT EIS Tk,

2.4, ZFBEHTMIR

5% 80:15:5( R LL)FREURE Sl ZHEE . AR L)% (PVDF), IBA GRS . SRR A 50k
5iE & NMP TR #8251, kT 1 em? A KSR B. 5 60°C A T4 12 h, 10 MPa J&
FALEE 30's, (R TAE b E3m PEY R (05 R 2 1.6 mg. SCIe 0 F = sl id R 347 00, A 6 mol/L
() KOH RN MR, Pt R Juxs B, Ho/HgO NZHrM. WA A, H Bl TR iz 10 h.
SR BLPULETF % H A N AT IR, BAASH B AR SR 100 kHz ~ 0.01 Hz, 2Zi#ksh 5 mV, #
HNE 2 s,

2.5. AR

AR FRE ST T S AL B T FR 6 (MB, 10 mg/L) S5 . & 56, % 0.05 g AN [ HEALFRIRE 43
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BN B AT 50 mL ¥ B ISR A R R A, G AL HERE 20 min, A BRI CE A A7) 2 THI TA IR B — it
PP, BEEEEREEES N 15 cm, 1E 125 W Wi R R AT PR FEMRIR AW 2 he SERTEL 5 mL IR A
(5 30 min —R)BEAT B 0023 B (3 v 3000 r/min), JEAE 664 nm & b JETE W AIOGEE .

3. &R5118
3.1. X-BHER 75 (XRD) 047

14 GO 1 0%. 1%. 5%. 10%. 15%f =) & & 1) rGO/TIO, # i i) XRD Bl KW E tH, GO
7 10.3° R 7 E A AT 22 (001) LTI FOAFAE G, 46 TiO, T 25.24°, 37.83°. 48.08°. 53.92°Fll 55.09°# X F Hi
i Anatase TiO, [f1(101). (004). (200). (105) LA K (211) 41, 5 PFF R f 21-1272 56 &Wi& o X Lt rGO/TIO,
(AT TG B, ASTE) A 880 & B 2 A0 10.3° 4 GO(001) T FRIRF AE I W 2%, 177 H. rGOITIO, IIfiT 51
5 Tio, #0181, 3% T4l Anatase 2544 . 540 TiO, fHEL, rGO/TIO, B i HIAT T 06 5 ARG /N o IX R BHAE
SREK IREE o GO HE L S5 A 520, B SIE 5 24 A 0% TiO, &R AR S5 1, 5 SCHRIRIE A7 [9] [10].
B2, BEGENASBGEATRMER Tio, KA AL A, A3 AR KA 78 4 1T -5 BT 56 06 i 52 FAEAIK
[11]. BB, 7E rGOITIO, REfh h, i Sy 45l 5% 544 5% rGOITIO, MATAT IR . Ik, H
i B R

3.2. REIR(EDS)7THT

2 9 0%, 5%F S48 ) rGO-TiO, FESL ) EDS &, @5 A T B, EMRR AT
HE4T 60s M55 Pt #:4E, 2> I Pt TCE(Z 5. X EE a i b A %1, Anatase TiO, &4, 44 Ti 5 O Wit %,
1M 5% rGO-TiO, FEfL HAMNEH C e Hk . XEW A BK S Ak E &,

3.3. FHHEFENBESEM)ir
K38 GO 5 0%. 1%. 5%. 10%. 15%f7==/fa =1 rGO/TIO, ¥ M SEM K. K GO EiEH

A | (f)
N S -
W’bwuw

Intensity/a.u.

10 20 30 40 50 60 70 80
20/°
(a) GO, (b) 0, (C) 1%, (d) 5%, (€) 10%, (f) 15%.
Figure 1. XRD images of GO and rGO/TiO, samples with different
contents of graphene
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Figure 2. EDS spectra of rGO/TiO, samples with different contents of graphene
B 2. FEIAZBHSEM rGO/TIO, ¥ A EDS it
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Figure 3. SEM patterns of GO and rGO/TiO, samples with different contents of graphene
3.GO MAEAEHEEN rGO/TIO, #mA SEM &

DOI: 10.12677/ms.2017.79105 816 FHE Rl


https://doi.org/10.12677/ms.2017.79105

SRy 5%

FEAIR, TiO, RIS/ B BIR G 1 . TEAREA 3055 210 rGO/TIO, E& 1T, GO MIRE4-RH 2k HAR
T S S IR SR (rGO), 1T TiO, FIFRIREL A NG K /INGTRL . XK GO ik Ji J 73 A
EIF IR, H T Tio, M SRR/ . ik, BEfh 1% rGO/TIiO, i PR G5 AN 2, [l
A S5 A RN, TiO, BT B AT ARk rGO 3RTH . A 880 & & 5%, Tio, fitki
FFIR rGO R R I 43 A o A 864515 2 & Bt Z 1), 10% rGO/TiO, £ §h 5 15% rGO/TiO, ¥ f i TiO,
FiF7E rGO RIMEIMH AN =S, BEMNZR.

3.4. Rk (Raman) 3 #T

K45 GO 5 0%, 5%F a4 & &= 1) rGOITIO, £ fh 11 Raman it . BEIARIL, GO 1 D. G UK
AT 1325 cm AT 1600 em ™, LA ERERIE S (U HRIE B 10/l N 1.13. TiO, FESL T 151 cm™ ) O-Ti-O
RBELL K 197, 637 cm * [{1d 248 T Anatase TiO, ) Eg#RaIHE. i 396 cm ' &/R | Anatase TiO,
] By 2, 516 cm™ N Ayl By E ARSI, HILiiHE Tio, FES ALEBIT M, 5 3.1 ' XRD
g — HIR, 5 TiO M, 5% F 345 & &I rGO/TIO, MIUKFA Anatase TiO; [ Ayg + 2Byg + 3By Hi7
S, BRI A SBIEN DL G FRFIE, X BIEsE T ASIG S Tio, WE S, HASESHAKE TIo,
fu T 4584 o {H 5% rGOITIO, 5 1 1o/l (B IR/ F1] 1.06, 3% E B FHs /K SR8, GO K1 #57-0OH.
-COOH (it JR A B b B BRI REEE N o T, 5% rGO/TIO, KE T 396, 516+ 637 cm * 4 2 e 5 Ji
THA AR, X2 TiO M5 A1 S 4 1) /0 B B B 0 1 [12]

3.5. B|SIRPIHH 4

50 0%, 5%A1 884 B rGOITIO, K il IRV - BEFH . S8 IUPAC 43 2hnitE, MEATEA
F 4l TiO, 5 5% 1 5445 & B 1 rGO/ITiO, FE S ARG ARL, Y8 T 1V B HA H2 BIW 3. X 500
AN AR R 26—, RS P AAENFLEEMI[13]. HS Tio, MiEL, 5% rGO/TIO, &AW

3
&
2
=
E ©
2
kS
[6]
o (b)
- . — M
500 1000 1500 2000
Raman shift/cm*

(a) GO, (b) 0, (c) 5%.

Figure 4. Raman spectra of rGO/TiO, samples with different contents of graphene
& 4. GO MAEAEHSEH rGO/TiO, ¥R Raman i
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Al AV LR G K,

3.6. IZREH(EIS) 4T
K 6 90, 5% R4S &N rGOITIO, FESL K EIS 3. £E EIS #rhr, N [5AR3 v b/ b fifd S5 L ) v
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Figure 5. Nitrogen adsorption-desorption isotherms of rGO/TiO, samples with dif-
ferent contents of graphene
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Figure 6. EIS Nyquist plots of rGO/TiO, samples with different contents of graphene
6. TEIAEHEEM rGO/TIO, HmAJ EIS 1&
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ity <%
TiER P, AHRAERBE TV EHS. FRBESEN, BFITRREe,: mELBWA, 51y i
JERR[14]. BRI, FEG EIS B35 GRS S X (1 2 BRI AR X AR . 1 B2 Mkl B £ ri 2
GRS, LR 2 BUNOEEE. 5 TIO A EL, 5% rGOITIO, (LRI BRI /DN, HERIRM A, X®
B SR A R EKI A B)6 S Tio, &SR 71y 5. IEBHE%, § 5% rGO/TIO, M5
A BHAIR o

3.7. FEHIERESTHT

K 7 9 0%. 1%. 5%. 10%. 15%f1 BJ% S &1 rGOITIO, FEfdt MB G HEAL R B . o bl Bk
AT LR L, A IFA S IG5 2200 rGOITIO, £ % MB BIGfEAb G K T-41 Tio,, HEEARGE &S

I, BRSO CHEARCR SN 5 o I RO A AR (1) F 7 B A R0 R A R
TIERR, BIENH TS Tio, KA S, AIINPHE T KIER2 B e dt Tio, Yok -2 O i 70
fiE TiO, K HEAL T 2 R [15] [16]. ()3 AR A s AR A1 TiO, R/ 1 LLAR IR K, RiAR s/ N RS9
AT RN SO E TS 7 A, 3D ag 1 Tio, KOLHEALIETE[L7]. Q)L EIIABEAEE
ati TiO, M /M E AL i, 38 5 A2 VAL A AT R4, AR 3338 TiO, e EALF1E - PRI,

E R BRSBTS TiO, RGBT SRR 4 B 5%, 45 G RiT. 4y
5111 5% rGOITIO, H A E IR B 51 86.3%, AL A .
4, &Eig

AR SR R — 7K BGEAE 180 CIRIR % T & i 1 AR 304 2 B 0 rGOITIO, E &), 31 id XRD,
SEM. Raman. Nitrogen adsorption-desorption 557 ARG 4k B AR B 3 0 1 (MB) IR, #1740 58
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Figure 7. Photocatalytic degradation images of rGO/TiO, catalysts with differ:
ent contents of graphene
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Wi P 58X TiO, 454 TESADCHEALVERERIZ M . LGSR, & B A SBIG B AT 55 e 5
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