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Heterogeneous Electrocatalytic Reduction of Furfural on
Nanocrystalline TiO-CNT Complex Film Electrode in DMF Solution

CHU, Dao-Bao'" ZHANG, Li-Yan' ZHANG, Jin-Hua'? ZHANG, Xiu-Mei' YIN, Xiao-Juan'
(* Anhui Key Laboratory of Functional Molecular Solids, College of Chemistry and Materials Science, Anhui Normal University, Wuhu
241000, P. R. China; * Department of Chemistry, Chizhou Normal Technological Academy, Chizhou 247000, P. R. China)

Abstract The precursor Ti(OEt), was prepared by anodic dissolution of metallic titanium in absolute ethanol and
directly hydrolyzed to prepare nanocrystalline TiO,-carbon nanotube(nanoTiO»-CNT) complex film by a sol-gel process.
Redox behavior and electrocatalytic activities of the nanoTiO,-CNT complex film electrode were investigated by cyclic
voltammetry(CV) and bulk electrolysis in DMF solution. It was found that there were two pairs of well-defined redox
peaks for nanoTiO,-CNT complex film electrode with E,}, of —=1.27 V and —2.44 V(vs SCE) at 100 mV -s™! in
correspondence with TiO»/Ti,0; reversible and TiO,/Ti(OH); quasi-reversible electrode process, and the heterogeneous
electrocatalytic reduction activities of TiO/Ti(OH); redox system for furfural; The indirect electroreduction of furfural
to furfural alcohol by Ti(IV)/Ti(IIl) redox system on nanoTiO,-CNT complex film surface in DMF. The electrode

reaction mechanism is the called catalytic (EC') mechanism.

Keywords: Furfural, Electrocatalytic reduction, Furfural alcohol, Nanocrystalline TiO,, Carbon nanotube,

Complex film electrode
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JIT FHAGRI A \DMF DU T SR AR | 2553
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BR(EEE N 99.5%). WAL 245251 F CHI660A Hifk
2% T AEu5 (USA, CH Instrument)Fl 8511B %Y 4d H {37/
L A (HE 7 FL A 2R AR ). HL Aol A ] ==
BT IBE(F101 BH B B 150 3 3 v fig A TEM SRAE
Model S-520 Hi I {3 $5% (Hitachi, Japan), XRD KA
fl Lab XRD-6000 X 4} £k #i7 4 1% (SHMADZU,
Japan), = S0BH 6% RAF 1L AR A LC-6A H A B 3t
Shimadzu, {43 ¥} (hypersil) 3K} A Cys, 587N ERAE
U-3010 HIYACHI 285 0] W43 6B it
1.2 40K TiO A K E S S IEBRAHl &

FLH e 2 KA FHRMBRAE 333 K AR 4751k
AR PRI, 7R J0/K LB AR RS A0 HE, E R
B SCHR T 22 BB A8 K THO, IR R, Ak Se it
FEIZVE I B 2 4K 8 4 5 S BUE 9K TiO, ¥ I
oy SRR R AR TIO- TR 9K 48 & A R IR i
AR R G ) Ti B0k 1, AR TR LAMT T
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RHGEH . FiRd R E R 4~5 K, RIHI AL Ti Jt
nanoTiO»--CNT(Ti/nanoTiO--CNT) & & IEAE 1 F A% .
1.3 BEIRMARIEBBRERHAR

PEIMR LR = R S, DE5E A Ti/
nanoTiO-CNT HLAR (LAY 0.04 cm?), KT Pt
P A VR4 B A, S LU AR A AR RN H SR FEL AR (SCE).
HL V50 31 DMF(& 0.1%7K)+0.100 mol - L' 4 T
FEEAL A DMF(F 0.1%7K)+0.100 mol - L™ P4 ] %
TR AR e + AN [ e FEE A i D VR B U W, AE RN R
RENEAMR LK.

HI M BOTE — %8 B W Rl vh A 7, el s
YERRIRR 2, P R PHAR 2, B BHAR 2 1) FH BH 7 i
SrB@E I, BRIR nanoTiO,-CNT 58 A 5 Hi 4% (FE A% 17 R
10.0 cm?fE B, F il 19 —XT Ti ZL8% Pe lAR (LR
T 10.0 eon®)VE FEAR, BT AT H AR 250 76 D3t R F i
I A Sl R AR S RO AR 5 53 AR 20% &
JiE R sh AR, W E A 0.5 mL -min™, [# A EDR N
Cug, BiARR/NH 10 pm, EFEH NFE R 4.6 mmx150
mm, 2EAMERE S HTAE 200~800 nm WA VI T Y
PEAFIRIE 5 BRI HU A

2 ZBRE5ITR
2.1 K TiO MK EE GIRM R

I 1 A7E 723 K B K5 0.5h J5 Y nanoTiOs
CNT & A My XRD 3% &, i B ] UL, 942K Tio, i
SRk B A 808k 5 (anatase). A2 4E Scherrer 22
(D=kA/(Bcos)) T3, fhki K /NZ) 20 nm. §R 49K
HIRTET 16 (20=25.243°) 5 41K TiO, F(101) i A7 1%
(20=25.243°) IF I E 4.
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Fig.1 XRD pattern of the nanoTiOCNT
complex film
T=723 K for 0.5h
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2 NanoTiOrCNT £ &K TEM
Fig.2 TEM photograph of the nanoTiO,-CNT
complex film
T=723 K for 0.5 h

FEIRTLAE H, 992K TiO, BT (FRA R/ 15~20 nm)
B TR A — IR AOK S b, KBRS W f7
TEALEIBHAT K TiO, i+ I ERAEH, T fdigh oK
TiO, FL 15 B R R 731 T2 4~5 kiR
JEE, DT A5 21 22 25 AR 5 44 %) nanoTiO,-CNT & &
JIEE, 33X Ff LR 45 4 11 nanoTiO,-CNT A5 F) F Hi, fi#
JELF TiO, K7~ 78 3 H2 i, R R =y FE AR B LA 3%
TAIFR, S ARG PR, TR N K Sk 47, 22 3138
KA He 7 5 BEAS o A e 4 AN e R SRR AR IR, 3K 2%
{8 nanoTiO,-CNT %2 & I 1% MUK 5k B2 45 i, 134 it
PR RN 3G 0 RRT B, B — 2R T AR
2.2 NanoTiO-CNT £ §fEEB R DMF HH R

WERITH

Kl 3 A nanoTiO,-CNT & & i B # /£ DMF
PRI R 2 T (P b i s L Y 236 3 Ry 2 R L 9 235 3.
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Fig.3 Cyclic voltammetric behavior of the
nanoTiO-CNT electrode in DMF(with 0.1%
water)

scan rate: 100 mV+s™

ME RS DLE H, 7E 0~—2.60 V 45148 H 47 [X 8] H 3R
PR S A i, m] e LA B 43 D -1.27 V
F1-2.44 V(vs SCE, HH £ E 100 mV -s™). 7 HLff
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B — XA XoF N7 F14) FEL AT S g A1

2TiO+2H*+2e =Ti,0:+H,0

E»=—1.27 V (vs SCE)

55 XA XST N7 1) FEL AT S A

TiO,+H,0+H*+e =Ti(OH),

Ej;,=—2.44V (vs SCE)

NanoTiO,-CNT Hi#% £ DMF ¥ & P (19 96 FR AR
LAT N SRR B BPE IR 24T R (B 4) ]
DLE H, X AL B e 257 BH I 11 B, DA TTT i — 25
T8 T % H AR A A S R A A A AL R Y g
NanoTiO,-CNT HL 1 43 51|75 DMF 75 i Fl i iR 175 T
HZE 43 50~60 IR, BIA R BLRTEPEY) BT, H 4 i
ST BTG R (A 4b), BB Z I FE K 75 W Al DMF
VR Y ELA AR ) A 2R T T AR
2.3 NanoTiO,-CNT £ & Rk X HREE T R A B

L EE

% 5(b)> nanoTiO,-CNT fix Hi, #% 7£ 0.100 mol -
L' A% +0.100 mol - L' PU T LR AL i () DMF(
0.1%7K) ¥ W H IR IR 2 &l 578 DMF(% 0.1%
7K)+0.100 mol - L™ PU T LR B G ER 42 [ (B 5a)
F A nT B H, B X S A3 0 1) (9 AR 0 F
e BRI, XOF 7 1) BRI DA FRLIAE o 50 4R TH 2R, THI 2
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Fig.4 Cyclic voltammetric behavior of the
nanoTi0,-CNT electrode in 1.00 mol-L H,SO,
scan rate: 100 mV -s™; (a) first cycle, (b) 60th cycle
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Fig.5 Cyclic voltammetric behavior of the
nanoTi0,-CNT electrode in DMF(with
0.1% water)
scan rate: 100 mV-+s™;

(a) without furfural, (b) with 0.100 mol - L™ furfural

H AR TEE S0 T B 17 Ak 2 L B 0, 191, R T 1) 38
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B AL I SRR IS . Pl T T (I & 28 3 Ak 2 g 4R,
bR TiAV), AT 2ot AR SO, FIT LA B AR 6 FEL 37 74
&, MAL AL R A 1 R & TIAV)iE— P TE ik b
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Fig.6 Cyclic voltammetric behavior of the
nanoTiO,-CNT electrode in 0.100 mol-L™*
furfural+DMF(with 0.1% water)
scan rate(mV +s™): (a) 25.0, ( b) 50.0, (c) 100, (d) 200,
(e) 400
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Fig.7 Cyclic voltammetric behavior of the

nanoTiO,CNT electrode in different
concentration furfural+DMF (with 0.1%
water)

scan rate: 50.0 mV+s™; ¢/ (mmol-L™):(a) 25.0,

(b) 50.0, (c) 100, (d) 200, (e) 400
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R B B B /N AR AR W, X R pR T R P VA
BARET, B FRE A TiAID)F 5 SRS & A= S, T8
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AL A TIAV), Al AR s, BRI SR fb g bl
IER R B SUNEES
2.4 NanoTiO,CNT [RFER B & M iHEE

FH nanoTiO,-CNT JHi Al /5 4 [ £ DMF 1
HEL i A0 SRS, BHAR B A7 984 100 mL 0.400 mol - L™
BRE+0.100 mol - L P T B IR{L e ) DMF(# 0.1%
HOERE, A N DME(F 0.1%7K)+0.100 mol + L™
DU T IR AR T, AE S TR T 45 L —2.50
V HEITHLR, HAES] 110% P05 R 45 ol .
fif it At R B, B AR A T, VAR G (R
AR AR AR, KSR KR P AR I R R A SO
HESF T BIAR SR 21 e i 5 5, 103 PR A v fie o B
W EEAN TS . %o R AR VREEA T e SO (3 3 AT
PR, LR AU AE 6.28 min (19 W i G JE AR T 2%, T A
15.9 min H 30T BT R S, 2 BH R RN
56 H R AR T —Flos i o, 28 28~ 1] D0 S 3
I, FEL SR TR T VR A W SO AE 317 nm, BRI
FIFR A 312 nm FeA— B, AR IS I TR Y
WCIEFE 269 nm, 5 REEEHLS THA(E 264 nm LA
— 3, S 2P R . A R &
PR =YL . RO (B #& FIVARIH R E=
[/ Qreal X100%, (Quneo N ERISHL, Ora ML FBRIHFE
HL). 28 5 IR LTS 2172 LR RCR N 90%,
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3 &

(1) 2 BRR FH H Ak 2 T 0K A R e -5 g 1
il 7% nanoTiO,-CNT & 4 f¥Hi M 7E DMF ¥ Hh 78
ISP AR 41 1 A T X 4R Ak D 0, T 33 2 U LAV E
3 N-1.27 V Fl1-2.44 V(vs SCE, FAH# 100 mV *
s7™), XFRET TiOy TipO5 A A I It H X Y ] 30 L Al sk
FHN TiOy/Ti(OH), H X A AT 336 F A e .

(2) NanoTiO,-CNT 5 & JIE B A PR HAT 5546
H AL IR SR P, R Y TiOw/ Ti(OH), AL IE 5

Xof AR Ay B () 4 L 30 DR A O R, s g ML B Oy
EC'HLFE. ] nanoTiO,-CNT Ji B #% 4 B # 7 DMF
s il L2 —2.50 VR A JEORIEREE , 4531 7 0 B
(- 24T I SRR B 90%, HL AR 3 85%.
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