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Preparation and visible-light photocatalytic performances of
cyclized polyacrylonitrile/TiO; nanocomposites

WANG Xiaojing, WANG Lin, LUO Qingzhi, WANG Peng, XU Li, WANG Desong

(School of Science, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract ; TiO, nanomaterials were prepared by a conventional sol-gel method with tetrabutyl titanate as Ti source. The poly-
acrylonitrile solution with dimethyl sulfoxide as solvent was added into TiO, sols to form TiQ. gels containing polyacrylonitrile,
then the as-prepared TiO, gels were heat-treated to prepare cyclized polyacrylonitrile/ TiO; (CPAN/TiQO;) nanocomposites. The
CPAN/TiO, nanocomposites were characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM),
UV-vis diffuse reflection spectroscopy (DRS) and photoluminescence spectroscopy (PL). The visible-light photocatalytic per-
formances of CPAN/TiO, nanocomposites were investigated by evaluating the decomposition of methyl orange. The results re-
veal CPAN/TiO, nanocomposites exhibit excellent visible-light photocatalytic acitivity and stability, and show the highest visi-
ble-light photocatalytic activity when the mass ratio of CPAN to TiO; , heat-treatment temperature and time are 1 : 300, 270 C

and 1 h, respectively.

Keywords:: catalytic chemistry; TiO, ; polyacrylonitrile; sol-gel method; photocatalytic degradation; modification

WORS B 3 :2015-02-08 3 % 8] H 319 : 2015-03-19; ST {T- 4w 8 - sk £ 3¢

HETH - EHEK A RBEES (21271061 ;7 J044 H R B34 (B2014208103)

YEZ RIS T e (1987—) , 2, Wl b WS 86 N, 5 = 9F 5 A, 32 8 )38 0] 0L S 4k A4 484 O i 10 0 5%
HIREH . B H A HIZ . E-mail:luoqingzhi@hebust. edu. cn

ERE#,E WP EEL S IMURWHIE/ TIO; 99k 84 HRH Y #& Kr] WG AL IE M L], Wb R R 2244, 2015, 36 (5) : 487-492.
WANG Xiaojing, WANG Lin, LUO Qingzhi, et al. Preparation and visible-light photocatalytic performances of cyclized polyacrylonitrile/
TiO; nanocomposites[J]. Journal of Hebei University of Science and Technology,2015,36(5) :487-492.



488 o BB R ¥ E R 2015 4

2 R Z A AL T AR LA B R AR A WL AR B SR TEER R TS e W R R U R B AT R L
AR gk TiO, B —FERE R 2 S Aa kA B, BB TE M B ERE 38 e ¥ MR AR
EVEASER B RERER A2 2200, EK TiO, iK%, RAEH K /N T 387 nm
B2 NG R BRI T TiO, %R WG RFI s B 40, TiO, MYeA i T /25 M E A4 LR E . ¥ TiO, /¥
FeEALIE D . i ARG Ry kot T e g i, R E& B UMY &R E FB &M 3k
ERBHED ASEEAD L RAEYBETYE, e KR AW E A B AR 6 R BOR B
FHBHEFRATMEIRBRBEEHENXED , B TiO. FHNLIEAYAE BEK  FEn (R
M i T S (HX BB LB R A WA FE S A S R R A B ARG B H s . BoR MR R, B ® MR
AYMBRZIHE B IHEDY RREIE S FRTE Y NS 0 AT T BT B A e 5 Wy | R A DL 45
RS AT A 1, Btk THO, JE R R I AL IS 1k .

ERFLHR G YR TiO, WBM 2RI BRI &R TiO, (I P2O) 4K h FREE & KK 7R
RIERE R T E M RS R SEWRE Y TiO, RIE M4 35, HET % H Z 6 AR AL 6E
% T AR SCTE W I -BE I 1 il 4 410Kk THO, S B mA R WG (PAN) B —HETHE R BRI A
PAN i TiO, B, B A& HAE A PAN & A FEALIR L 0L, 74 BI AL R N 46 iF/ TiO, (CPAN/TiO, ) 44 K
R AR DU B A TS oY), B B R YUK & R T LG A V&, IR R T IR 9K E A AR AT
WA TEERN EEEmE R,

1 XEHS

1.1 E#

BRER VO T g . VK SR , Tk Sl (A3l , Rk KAG 250 ) 3R 480 s — F B S, 9 94 % (0 8, B M
TR e A2 0 T R s BR =5 TIF (G bral, R i b THRA G RED ; RGN, B3 X 4 F R
B8 8.0X10"~10.0X 10* , A 5L B % H %,
1.2 RUBREERE/TIO, MAESHBHTHE

¥ 10 g BKERIU TR .2 mL YKZBR A 13 mL XK ZEIRE¥SIEN AW, 5B 4 mL ZRFE WK .6 mL
VKR 6 mL oK ZEERA S EIERN B . EIR 30 CHAFAHTH B A 2 mL i) PAN ZHE T
AR B SE BRI A S AW, 48+ 30 min, E#E 36 h J57E 100 ‘CTFHET, H7E 230~310 Ci#f7
AL, 133 CPAN/TIO, KRS MK, FTRYKE G EFEMIC 8 CPAN/TIO (12 z, y C, z h), H
1,y Mz 3 R0REG T PAN 5 TiO, 95T & b FF & B b 3838 B2 A B ]
1.3 MRRIE

FE i ST EE R R A B AR 22 3 R 1) D/MAX-2500X ST 27 S {GHEAT 40 87, BE B4R A H AL 74 F)
B JEM-2100F %137 5 o, 52 G B8 R A7 WL , 5% o b 3 TG AR R I 38 | 22 72 BR B 92 520 B) 9 Tristar3020 H 3R
T AR 3 BT AGEEAT U 5 A5 i 22510 AT 018 S 5t 61 2R A B AR B i A ) 59 A AR 4 BR By U'V-2550 B 43 5606 B3t
PEAT I RE , B S 5B 6% R A B A4S H 3L/ R F-4600 BB S #4700 2
1.4 FAIREELBEERR

LA 300 W B AT Cfim 22 38 0% A 8 BR 400 nm AR S0 /R o o] DG IR, 8 2o B B4R A O B g I iE CPANY/
TiO, FIKE G F R CAETE . FREX 10 mg/L 59 BB 100 g A RB 4. A5 A 0.100 g
AT, FF L S e, B T R AE AL R 40 min, (578 0 W A4 F B O B IR AR RO . AR JE T IR DGR BE
17 R A% SN, B % 0.5 h BUBRA B0 B o, =3 B0 20 min J5 , A 5H0-W] WL 4306 0% BE 317 B B8 e KRR
W 464 nm 40T E EIE VR A9 IR OG BE , B FRRE AR A o AR it 4K BD AT A9 B0 A [F] A B 1) Y FRORR RS BB VR
T RS R R

2 HR5WR

2.1 TiO, 1 CPAN/TIO, 4K E A M EIE X SR ATH KL RIESH
Kl 1% TiO, fi CPAN/TiO, 4k B & 41 KHHY XRD B3, "TLIE W, 7 TiO, i XRD Ei&HF7E 6 1
FRAE % W W, 43 B #E 25. 3°, 37. 8°,48. 1°,53. 9%, 55. 1° 1 62. 7° kb, 5 &t 4k # B! TiO, (JCPDS Card



%5

EweH, % MERAMEIE/TIO: 29K E & Bk & KT WL AR 638 4 489

No. 84-1285) H A W Wi i — 2, R B A B 5E il % 19 TiO,
Biekp A, Hafi TiO, ik, CPAN/TIO, 9 4 /™ FR1E 0% i 1
(25.3%,37.8°,48. 1°f01 62. 7)) B &R, H &K W58 B A Fr 18l
JN ST 5B A6 2 AN R AE IR U U (53, 9° 1 55. 1) & 3F Rk 1 MRk
W (54.3%) . KA Scherrer 242158 BT il £ A1 BL & L B9 - 35
RLAR, 74 3 8 f 2 TiO, fokLiy F- ¥ ki42 K 10 nm, CPAN/
TiO, KRB A M B EIRAZEN 5.8 nm, DL E4REFH,
PAN W TER R TiO, M &AL, B PAN 43 FRfE &
i TiO, MBI AEK, FEE G B H TiO, 59 &K R~
BN
2.2 CPAN/TIO, K E M EIHIES BERIE

&l 2 2 CPAN/TIiO, 4K E & bR 5 43 P15 05 i B4R
A (HRTEM) ., "] LLE i, CPAN/TIO, 49K B A Wb &
AEBRIE ,EHRAAL K 6 nm, f & 2 38 7] LA H 5 1w ) B
438124 0. 35 nm 1 0. 235 nm, H 1 0. 35 nm 584w & TiO,
B (101 & T8I 18] BEAF A, T 0. 235 nm W XF B B0 2 TiO, &
TE MR (001D @4 TH , 5§ XRD 73 Hrés R A —BL .,
2.3 TiO, % CPAN/TiO, Lt R EFAE L 4547

&l 3 & TiO, #1 CPAN/TiO. 41K E &+ kLY N, 0% -
R4 R 4 B (BET), WM& 3 #f LLF 1, TiO, fl CPAN/
TiO, kB G v 6L fi-Bi M S R R M FER B3, B3R
T IV A M SR e, 0B 2 R SOR R fE PR GE FL 450, B B
gikRFHERM AR A . B BET 43R4\ & TiO, f1 CPAN/
TiO, 91K B &4 R L R E AR 437 K 55. 28 m* /g I 265. 74
m’/g, XEHTREER B MAX TiO, &2 T —F 4k 1E
FLBR$ T TiO, SRR A, TiO, R /)y , T 35 3
KT CPAN/TIO, YK E G A B LRI AR . H R TE R
RERR FREEAFEEFOHE, A TEAEER

R
2.4 TiO, B CPAN/TIO; %3k 8 & # KI5 50 AT I8 R 51
St 5 A4

Bl 4 & TiO, BRI &4l %4 # CPAN/TIO, 1K E &
R 5250 RT D18 B A IR OGS B (DRS) . Bl 4 AT LAE
i ,CPAN/TIO, 7ER] WG X AR i ¥ 8] B & T4 TiO. . B
% CPAN 5 TiO, i & R3S i, & & # BHE 7] 0% X TR
W BN, = B CPAN A Fl T8 5 & & R X AT 0% i i)
WL 4 a)) 5 W & # Ak 35 IR BE 19 48 = K B[R] 22 K, CPAN/
TiO, 78 7T W% XA 0% 8 i 22 B0 SE 3 K Ja B A i i 34, $Aat
IR R 270 C P FERT R G 1 h (9 6 R 05R BE B ok (L I
4D B 4 o)), HIFEE TR R AL 3 IR B B S A 5
A, PAN R4k B2 BE AR , CPAN LB A S T8 E
PAE IR B T BB [RS8 K, AR B R A SRR 45 1 B X R
I ' R S 5 5 L B Ak B R B A R B D A K B, A
SEMTTRE S BB R A AL L BT Y | A A S T OB B R, 0 T
) I AR 55

T 5 BE

% Bt & g/ (em®-g ™)

A (o1

i
|

! ‘ ("z‘*) (200) (10%)

(204} CPAN/TIO,

neat TiO,

E TiO(JCPDS)
! Lo h

10 20 30 40 50 60 70 80 90

26/(°)

B 1 4% TiO, % CPAN/TIO, #5k 8 4
B0 X 4074 D
Fig.1 XRD patterns of neat TiO, and
CPAN/TiO,

B 2 CPAN/TIO, &4 #FEH L HE

Fig.2 HRTEM image of CPAN/TiO,

CPAN/TIO,

neat Ti0),

0 0.2 0.4 0.6 0.8 1.0
W p/po

B 3 TiO, #= CPAN/TiO, %k 44
A N, BB I8 2

Fig. 3 N, adsorption-desorption isotherms of

CPAN/TiO, and neat TiO,



490 o BB R ¥ E R 2015 4

‘ 161 . 16
1.6 CPANTiO1:50,270 °C,1h) AN CPANTi0,(1300,270 °C,1h) . p
CPANTTIOL(1100,270 C,1h) "R CPANTTiO,(1300,290 °C,1h) giﬁ?g‘ifi%?g E’é: )h
CPANTIO(1200,270 C,1h) CPANTiO(1300,300 °C,1h 12 10:(1:300,270 ©05 1
12 ! 12 (1300, »1h) . CPAN/TiO,(1:300,270 °C,0.75 h)
o CPANTIOL(1300,270 °C,1h) £ CPANTIOL1300,310 C,1h) # 01300 20
= CPANTIO(1400,270 C,1k) % CPANTIOL(1300,250 C,1h) & CPANTIOA(1:300,270 0.2 1)
% o8- CPANTIOL(1500,270 C,1h) § 0.8 L cravnogswaso i X 081 g o210 3
= ‘\ . ! neatTiO, e
04F 04r ‘ 04r

0 L L " - 0 I L r e = 0 L L T L
200 300 400 500 600 700 800 200 300 400 500 600 700 800 200 300 400 500 600 700 800
P K /mm I K /mm P /nm

a) AR 1 b) AN AL FRIR ¢) AT Huab ]
A 4 CPAN/TIO, #= TiO, # % 5} T L Z R4+ B k% B
Fig. 4 UV-vis diffuse reflectance spectra of CPAN/TiO; and neat TiO,

2.5 TiO, X CPAN/TIO, 41K E & # BIBE kK Ki H 7

&l 5 & TiO, MR &4 T #l 4 8 CPAN/TIO, 91K E A MR P66 (PLYE . WE 5 I LIFE
H, TiO, WPOLIREMR S, R HICHMR, Z BRI ERERER T BNERTF/BRBELESR
B AR R B 980, T 4 2 24 140 F %14 19 CPAN/TIO, B %% 658 BE 5 H 4h TiO, W%, HfE%E PAN 5§
TiO, i & H . Pk 3R BE K Bt 6] 9 38, CPAN/ TiO, 9808 FE BER IR S &% . X 2K K CPAN
MMM EA RIFWEFREE TUAESMEB AR T B AR F 5SS RME S JLE, H 568
FEREAR, CPAN ILHIZSHR T H , A F/ % 4 BRUR BT

1 600 ) 1 600 neatTio, 1600
neat TiO, CPANTiO4230 C) neat TiO,

CPAN/TiO(1:500) CPANTiO310 ) CPAN/TiO,(0.5 h)
1 200 FCPANTiO£300 C) 1 200HCPAN/TIO(0.75 h
g .
CPANTiO4£250 C) N A o CPAN/TiOx(2 h)
g ceaNtiop0 0| | LY VAR CPAN/TIO,(3 h)
W
A \ il
A Y

CPAN/TiIO,(1:50)
CPAN/TiO,(1:100)
= 800 |-CPAN/TiO,(1:200)

1 200_0PAN/Ti0:(1=400)
o ( rCPANTi04270 C) “ N CPAN/TiO,(1 h)
CPAN/TiO,(1:300) s /R

400 ) 400
(0] = -',-‘»"{.':n , . . | | | = \ . . \ | 0 g L L | . | )
300 330 360 390 420 450 480 510 330 360 390 420 450 480 510 300 330 360 390 420 450 480 510
B K/mm ¥ K /mm WK /mm
a) ARG b) 7 [F B kb 3 36 c) N[ Rk i 1)

B 5 TiO, f= CPAN/TiO, £ 44484 % % %8 B
Fig. 5 PL spectra of neat TiO, and CPAN/TiO; composites

2.6 TiO, K CPAN/TiO, X E & # BIH X ELF

TiO, AR &4 T #l 4/ CPAN/TIO, 44K & & # 8H AT U6 T 't 4 4k % Al L 1 7 I8 i 2% I D't BR B
B AL X R ANE 6 Fon. BE 6 W LLE H, TiO, Xf 388 i e 1k F% iR RARAR , T CPAN/TIO, B &4
BEXT B B e LR AR R & T TiO, . X EE YK TiO, J2& MBI 59 2 S A, 7] WO A B DL
HEOR A T/ 2 7O, B IR B W] ILOG AL TE 5 T A L 450 1) CPAN & 5 3% W] OBk 51
B - ox REFENREBRT/BRCMAZCERFESGRELR WA THERFEFERWESGILE,
AT B REFRBHAML.EFEGET, 5 MO RN M. Hik CPAN/TIO, 45k E &M AR AE RIFHY
G HEALTEE . BB 6 37T IE W, R & &R R, B MR TE R, 2 PAN 5 TiO, HE A
1+ 300 JREEH 270 C AL E BT A R 1 h if CPAN/TIO, G BOR B i .
2.7 CPAN/TIO, K EEM B ELIZEM

LISk Bl CPAN/TIO, (JRE HH 1 ¢ 300,270 °C,1 h) B & HRHEF] T T X B 256 08 V5 W 17 D6 14k [
fRIEI L5, LAEZZ CPAN/TIO, B &M R GEILTR EE, 45 R IWE 7. WE 7 7T LIE i, B & 78 35 B
WHRHE N, CPAN/TiO, & A A1 RE B S AL TE PR I R B S BEAR , U B B 1 4% B9 e A AL R B R4 i kB
M



EweH, % MERAMEIE/TIO: 29K E & Bk & KT WL AR 638 4 491

%5
i CPANTIO,270°C)
100 __ CPAN/Ti0,(1:300) 100~ ;

CPANTIOL(1:100) CPANTIO,290C)
CPAN/TIOL(1400) CPANTIO,(300°C)

80 I cpanmio, (1:500) . 80ceanmioes0c)
CPANTIOL(150) & CPANTIO,(310C)

60 F neat Ti0, g 60 LCPANTIOL(230C)

&

S - S
{Sé n o, @' 60/ peari0,
¥ 4o : 40 & 4or

0 20 - * 00 A4

CPANTIOA075h)

100 _CPANTIOL(1 h)
g0 |CPANTIO.2 )

CPANTiO,(05h)
CPANTiO,(3h)

1 1 1 |
0 0.5 1.0 1.5 2.0 2.5 0 0.5
At 8] /b

a) RREE L

5} &l /h
b) R #sk B IR BE

1 1 1 ! 1 1 1 I
15 20 25 0 0.5 1.0 15 20 25
i 8/
c) AR AL B i B

A6 TiO, % CPAN/TIO, A 6MMA X ELBEM T REAENSEBHEEALE BT E THXEZA

Fig. 6 Relationship between degradation rate and photodegradation time in the presence of

neat TiO, and CPAN/TiO; composites under visible light irradiation
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