528 %4 1 0
2015 42 A

w2 LB AR B AR
Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol. 28 No. 1
Feb. 2015

X E4S:1673-1549(2015)01-0012-05

BTREHEmRE

DOI:10.11863/]. suse.2015.01. 04

fitisa TO, R H

Je L TERERI A 5

Mg, Ak, A, BoR, £

(1. s @A S I A SRS, I AT

#'?

643000;2. PU)I1 B T2z Befe e S5 25 TR S Be, PUJIl A 5T 643000)

 ER1-THR-3-Fikeked s it £ 3 ([ EMIm ] HSO,) & FiR 4k A 352 A, R R B AR -5 I ok 5 &
R LS Z Ti0, (CNS-TIiO, ) , A A @ILMAL X HELTHA TR 5 F -7 IR X 4
&b F A i ok @ L B R AU B B 00 AR R BEAT T R AE, AT AR A AT et ALK TR R

ST ERT RS,

K TIO, ; & F ik ; B4 bk gk
FE 4SS :0064. 4

7l =

TESCALRIBT I i, TiO, B BA o b2k fa e i
B A (6 B 3 T A T A7 e AR
LB Ti0, B2 SERIASFSEIE (20 3.2 V) B T B/
SR . DRRBLAR T TiO, FUXF SR MM Y | T 42 4h
I R K BAYEEIE 1 3% ~5% ), BT L Ti0, %) KB
AR P ARARAR o R I3 i e SR B 7 O, 19 K BHDG A
A BA 3 T B AL BR 2 3

AT, BFSE et Ti0, #9 T B 32 B 4% YR ik |
BT3B S RUUBUE S0k 42 4, Horh 4 g Tio, X
T LA W 5 A A B T B B T B 4%, 4 i e AL
FIEA LR EOEHATEYE . A M Asahi R %™ R BLET
FABIRIN Ti0, WX AT W OGAG W R, AR 4 e ek
TiO, PR SRR E K R, HHTRE O &% &2
FhE4 8 S 7 45 2% TiO, , fu % N-S©°, C-N-8'*/ FIN-B-
FU st 4B 2% TiO, , B 5045 SR 2 W1 ] WO X E 4
BB TiO, A AL G, H B & H4l Tio, AYfEfLig

W im B EA:2014-12-11

LER A TR &69 CNS-TIO, A £ S a9k R mAn b 5 5 Bk £ b T
A w0 B CNS-TiO, #9 B &2 46 TiO, # 3 4%,

XHERRERG A

PR

WA T BT B S 1 2, RE S8 A R AUKIR IR,
BEE 038 A TR 55 A0 s TR A AT LA
i) TiO, FWUALAR PR AR 1, 45 B 5/ b os (4 HE AR 7R
MRS AL AE T o A SCLAL EMIm ] HSO, 813
PR 1B 250, SR JH % JEC-158 T 35 ) 46 ok L B AL 4B 2%
Ti0, , I SR M BAUTS Re % 45 T et s Tio, 1Ot
HEALTETE

WESNT

1.1 UBREERFA

SSA4200 br T LB AT AL (Fb 5t B A e 1A R
], TU-1901 SOGHERAMAT UL 4356 B 1 (b 5T i i
A PR AEA T , DX-2600 % X SFLRAT MY (
RIS BRA 7)) , JISM-7500F 494 vy 7~ i 4 ( H
A FRE 24t ) , XSAM 800 Y X S 4k o H 7 i i A
(#H Kratos 23 #]) , Phchem MR EAk2 R AL (bt AL
HRERHE A BR A F]) o SE38 K h ik R8T K, 4k

ELTH % 6w 4 Sk 5 R0 E FF0R M (LYJ14203 ;1211301 ) ; va )il 2. T 3 BRAF 50 A 40 37 A 457 B (Y2013025)
TEHER AR AR (1988-), B, wlE TA, LA, £ENFRAMELT @GH LR, (E-mail) cjff2171@ 163. com;
ZEF(1963-), 5, %42, T BN F A IA RBA VAT & 4R, (E-mail) 1yl63@ sina. com



528 5 190

MR XA, 5 B TR AR &8 AR5 4 TiO, R AL BAEAL AL 49 AT 2L 13

PR DU T Wi TGk B L K 2 TR A 6 (349 R 43 T 4, ik
#HREDEAL Tl ) , [ EMIm ] HSO, (462 >99% , W 3K
T E BB 22 N E Y BT .
1.2 EAFNHEE

FREX 21. 6 g AEKER DY T BRVE T 50 mL Jo/K L i,
FEARBHFE T T B A 5 FRRREL A7 K2 DY T 1 2% it
19 [ EMIm ] HSO, % F 40 mL 557K, A BT
TIIA 15 mL vk ZFRIE B B SR H A Fl B B FPI%
BORA FBEFE 120 min, %00 BUEEIR S , BT 100 C 4t
b T8 24 h AR B RTRAA OS5 A AR (A B
¥ 550 Chike 1 h 135 CNS-TiO, ¥yiAk, 4l TiO, Y
il &t B 5 _EaR AR R, RO I AL EMIm ] HSO, 2 &
k.
1.3 SEEAFIREENE

LA FR S A8 Sy 5540095 e W, T A R A 35 o R A
Phchem 12U Ak 27 S A 7 o SE 76 A B8 Hhom A
50 mg YA AL A1 SO mL #e JE Sy 10 mg/L i B 48 i
V8, T R R K NaOH 5 SR ¥, (3 pH Ry 7. 05 8%
JETE 500 W AT N AT GHR, IR RS, 2 B0 B S
IS WAE N =460 nm I HH JEA IA m WROG B, R
PV B 5 WO B 1 56 R AT B B - BRE R B
A BRI 3 IBCE- 1A
1.4 HRHRIE

K HH SSA 4200 B 25 181 LB 43 B {5000 2 A b 1) LG
FEMBURIFLA AN, F X S i SRS 2 A i 11 o A 4
14, 55 5B N Cu Ko, N = 1. 5406 nm, L3R 25 mA &L N
40 kV 53R 3 ©/min, FH I 20° - 80°, R JSM-
T500F Y41 H FL - S 1ol B 2 40 K A AR IR T 35 P
TU-1901 BUEH 4 SN AT UL 43 6 6 BE 10 2 FF i 1) 45 4
A I8 R AR ERE R 22 . BERL ) X SOk
HL T BETE AR BT oR F XSAM 800 %5 B T~ RE AN, 34 & TR
Mg Koo X 512k H R 12 kV, B 12 mA | HLF25 4 6B
FHC 1s 14(284. 8 V) KS1E . R FH 2 T HL R4S 5 i
USRI ESITP i

2 #Rbit®

2.1 EUAFHRLE

AL B XRD B35 an &l 1 iR, 5 JCPDS R
(No. 894921 ) #H H. %%, CNS-TiO, H1 TiO, #4248 £k 4.
54N CNS-TiO, [ XRD [E 3% 45 H 3 C-0 \N-O F1 S-0
ORGSR T C N A S B AR, ELis 2
54l TiO, A L%, CNS-TiO, (101 ) & T 77 5 06 B Ak, 3X
ARESZE I B A TiO, fiHs 72, H Scherrer 242 A]

TR AR 38 S R
__Ka
"~ Bcosd

Frp D SR AR 8735 R R ST s N R AT 5 A e A A D
K IFHUN = 1. 5406 nm; PR FEELK = 0. 8938 AT 4116
T, 0 AIZVEXT R AT A o BT HAEAR I T CNS-
TiO, F1 TiO, [ F ¥ &bk K/ 43 518 13.4 nm
14.5 nm X FH 77— @ FE A48 5 T8 22080
T TiO, WERRLRST A F 36 I e 2R, 245 5 AT L
FC R S AT B EIE

3000

CNS-TiO,

2000 ;J i ﬁ 4

1000 -
[ pure Ti0,
okt

. I . I . I . I . I .
20 30 40 50 60 70 80
20/°

AR X AT G 588 au,

1 #am XRD Ei&
Je il #5 AL R 9 L R T 2RI 1, R 1 AT
i R BB 2% TiO, 1Y 3 AU FL A 38 T, L P A2 ik
No X AT RESE IR B TR T TiO, ) ok B iE AR
Ko T B /I it R 1B 22 0 U 1 fRlcir , DA T 745 21 B
195 1 FE TR AN R A AL o AT A A0, LU 2 AR e 1)
HEAL TR AT LU RS 22 (A7 LD 2 0 SR, AT AT B 7

O AT
F1 BUFNIERESH
AR HEEE (m*/g) LA/ (em’/g)  ALAEAR/nm
TiO, 70 0. 036 10.2
CNS -TiO, 84 0. 042 10.0

& 2 J2FESL Y SEM K], AIEL 2 BT LI, fiEfe R
eS8 & Z2 L IC RN AR, {H R FH 8 - VA ol Bl il 45 14
B S ANEE TiO, TEARBAT I B 22 55, 45 A Ak R 25 SR vl
HEARAS S DG A TG M 22 e R 2

HEAEFIAE 250 - 800 nm [X [i] (Y 25 41 — w] WL 18 )z S
FE N 3 iR, MIE 3 AT LA HRE 5 e 2240 6 IX 35k
SR AR 5% , CNS-TiO, 7E 400 ~500 nm A ILIX () 1
A PR, AT WL A R, s Al 5 SPS 25—
H,

4 & CNS-TiO, #4h C 1s (19 XPS &%, & 4 A
H1,C 1s 7£ 284.6 eV 286.0 eV i1 288.8 eV Ab777E 3 4
W 37 F 284. 6 eV [1IA X TE 1Rk , T #E 286. 0 eV Al



14 w9 ) 22 T SRR AR (B ARAFR)

2015 52 A

H:(A) TiO,,(B) CNS-TiO,
2 ¥m SEM

80

60

R4 1 %

20 +

300 460 560 650 760 800
WK /nm
B3 RERE%E - AR RS EE

288.8 eV LIPS JE T C-0.C =0 1 C-N 4"
HAME 288.8 eV 4b [ g 1T J& T Ti-0-C Z544' . 78
282 eVAEAT MEL RN X UL A KA C B AEIE i
Ti-C 4, 32 5 J5U R 2 B il 7F B 48 T B BE . ONS-TIO,
FEdh N 1s [ XPS B3 W18 5 JT R, N 78 399.8 eV il
401.6 eV 4b A5 2 ANdR U, T AT MV JE TN 1s1/2 Fl
N 13721 XATRERE N JTCRBA T TiO, 15, B R
T Ti-O-N F1 O-Ti-N {5 i, & 6 J& CNS-TiO,
FEdh S 2p 1) XPS [E13, 75 169. 5 eV 4b Hi B e I F ¢
i ELEA SO X UL R R A SOLT IR, 1
TE 168. 4 eV Ab i WP T — ¥R 43 S*° BB F U 1346
SrTit BT . ML AT A, C N FIS R E
BA TIO, Sk .

& 7 JERE SR TE 396 ~600 nm [X JA] (Y FE HDOGHLE, M
[ 7 T H1, CNS-TiO, Rf i B T AR B8 (1 2 1 D i I T
4l Tio, JLPIEADEH R ™A X vt BTk A& B A iB 4
53 Ti0, X A WG T R, M4 SPS Il 5 S HE, 5%

5000

., 284.6eV

4000

3000

o fau.

2000

1000 by

290 288 286 284 282 280
YN

4 CNS-TIO, # &1 C 1s XPS & E

1300

r 399.8 eV
1200

1100

1000

SR /a.u.

0
408 406 404 402 400 398 396 394
ZEAHE eV

5 CNS-TiO, #amay N 1s XPS i&E

1600 168.4 eV
1400

1200

HRIE /au.

1000

800 L ab AT~

600' L s L s L .
172 170 168 166 164

ZEABE eV

6 CNS-TiO, # &Ry S 2p XPS &
SPS i Jo7 e Xof 7 - 185 9 A HL 28 oA B o M
AL, 7EA] WG CNS-TIO, H TiO, B 6A: H fif 43 25
R A A TR S A e, R S e
P2 R — 30

0.4
03}
-
g
S 02f
E NS-TiO»
0.1
Ti0,
0.0 S e ———
400 450 500 550 600

P /nm

7 & SPSiEE



528 5 190

MR XA, 5 B TR AR &8 AR5 4 TiO, R AL BAEAL AL 49 AT 2L 15

2.2 EEFAELESE

P 8 J2 H LA TR B I ) 2R AR G R k. DAL 8
AP, IR SOV AT & — Bl AT B, R
TR FR N In (Co/C,) = ke, 3, G, Dk it %)
FRERTE , C, O v N2 PR IO S, b 3R IOV R
TR AT AT RIS CNS-TIO, Al TiO, fiifl R
1 HE LB A HH k43530 0. 606 h F10.204 b 3%
WIB R BRAB 2R TiO, X FRERE (4 5 HE AL I (0 33 3
B e, 2000 3 /. X UAITRR VR BRI B AR e
P TiO, KOG R, H R SRR e 5 1) Tio,
X AT DL AT WIS, LA 5 R F) 2 T AR B g ) R A7

10
8 TiO-
T, or
—
°E° NS-TiO.
= 4
2,
0 . . . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0
SR [] / h

8 FEAEIRE St R i £

T EMIm JHSO, B RN B AU, RN - Bt
A TR BRIHB 2R G TiO, , I A S B4
TR RE R IR PO CHEAL TG 1, AR .

(D) R BB 2% AT LI/ TiO, (8 Sk R/), 3
I B FE T AR, AT ER A B 2 3 PR L

(2) Bk A BB A TiO, X Al W= A= e 7, H.
P T E R R B R

(3B AL B AL 26 TiO, S F LA f i €0 2% 5 3%
HRCR LA TiO, 1 3 4F, EWTRR A BB 2 e
fem TiO, REHEALTEE o

[1] Roy P,Berger S,Schmuki P.TiO, nanotubes:synthesis
and applications [J]. Angew. Chem. Inter. Edit.,2011,50
(13)22904-2939.

[2] Liu Z,Zhang X,Nishimoto S,et al. Highly ordered TiO,
nanotube arrays with controllable length for photoelec-

tron-catalytic degradation of phenol[J].J.Phys.Chem.C,

2008,112(1):2253-259.

[3] Tomkiewicz M. Scaling properties in photocatalysis [J].
Catal. Today,2000,58(2-3):115-123.

[4] Asahi R,Morikawa T,Ohwaki T,et al. Visible-light photo-
catalysis in nitrogen-doped titanium oxides [J]. Science,
2001,293:269-271.

[S] Sano T,Mera N,Kanai Y,et al. Origin of visible-light
activity of N-doped TiO, photocatalyst:behaviors of N
and S atoms in a wet N-doping process[J]. Appl.Catal.
B-Environ. 2012,128:77-83.

[6] Zhang G,Zhang Y C,Nadagouda M,et al. Visible light-
sensitized S,N and C co-doped polymorphic TiO, for
photocatalytic destruction of microcystin-LR [J]. Appl
Catal.B-Environ.,2014,144:614-621.

[7] Li F T,Wang X J,Zhao Y ,et al.lonic-liquid-assisted syn-
thesis of high-visible-light-activated N-B-F-tri-doped
mesoporous TiO, via a microwave route[J]. Appl. Catal.
B-Environ,2014,144:442-453.

[8] #h—JF U408 E R F B T RS BBk
B B AL = BACAK[T]. AR BR 2 5 4R,2009,40(9):1289-
1293.

[9] Behpour M,Atouf V.Study of the photocatalytic activity
of nanocrystalline S,N-codoped TiO, thin films and pow-
ders under visible and sun light irradiation[J]. Appl. Surf.
Sci.,2012,258(17):6595-6601.

[10] Wang P,Yap P S,Lim T T.C-N-S tridoped TiO, for
photocatalytic degradation of tetracycline under visible-
light irradiation[J]. Appl. Catal. A-Gen.,2011,399 (1-2):
252-261.

[11] Cheng X W.,Yu X J,Xing Z P.Synthesis and character-
ization of C-N-S-tridoped TiO, nano-crystalline photo-
catalyst and its photocatalytic activity for degradation of
rhodamine B[J].J.Phys.Chem. Solids,2013,74 (5):684-
690.

[12] Rengifo-Herrera J A,Pierzchala K,Sienkiewicz A et al.
Abatement of organics and Escherichia coli by N,S
co-doped TiO, under UV and visible light. Implications

of the formation of singlet oxygen ('O, )under visible



16 WP T RRFR(EERHFR) 2015 %2 A

light[J]. Appl.Catal. B-Environ.,2009,88(3-4):398-406. [14] Cheng X W,Yu X J,Xing Z P.One-step synthesis of
[13] Xiao Q,Ouyang L,Photocatalytic photodegradation of visible active C-N-S-tridoped TiO, photocatalyst from

xanthate over C,N, S-tridoped TiO, nanotubes under biomolecule cysteine[J]. Appl. Surf. Sci.,2012,258 (19):

visible light irradiation[J].J. Phys. Chem. Solids,2011,72 7644-7650.

(1)39-44.

Study on the Photocatalytic Performance of C-N-S-codoped TiO, Prepared by lonic Liquid

CHEN Jiufu'?, ZHONG Jubo'”, LI Jianzhang'’, CHENG Chaozhu'*, DOU Lin'"*
(1. Green Catalysis Key Laboratory of Colleges in Sichuan Province, Zigong 643000, China; 2. School of Chemistry and
Pharmaceutical Engineering, Sichuan University of Science & Engineering, Zigong 643000, China)

Abstract: The C-N-S-codoped TiO, ( CNS-TiO, ) is successfully prepared by the sol-gel method with 1-ethel-3-methy-
limdazolium hydrosulfate ([ EMIm ] HSO, ) ionic liquid as dopant. The synthesized photocatalysts is characterized by surface
porosity meter, X-ray diffraction, scanning electron microscope, UV-Vis diffuse reflectance spectroscopy, X-ray photoelec-
tron spectroscopy and surface photovoltage instrument. The photocatalytic performance of the samples is investigated by utili-
zing decolorization methyl orange aqueous solution as the simulation pollutants under simulated solar light irradiation. The
results show that the as-synthesized CNS-Ti0, has higher BET surface area and separation rate of charge and can response to
visible light. The photocatalytic performance of CNS-TiO, is about 3 times of that of pure TiO,.

Key words; titanium dioxide ; ionic liquid; adulteration; photocatalytic performance
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Study on Properties of Molybdenum Composite Corrosion Inhibitor

XIANG Yungang" , CUI Yishun' , QIAO Kangquan'”
(1a. School of Material and Chemical Engineering; 1b. Analysis and Testing Center, Sichuan University of
Science & Engineering, Zigong 643000, China;2. Material Corrosion and Protection Key Laboratory of
Sichuan Province, Zigong 643000, China)

Abstract: Sodium molybdate is used as the main corrosion inhibitor to derive the molybdenum composite inhibitor com-
bined with the zinc sulfate, sodium silicate and sodium dodecyl benzene sulfonate (SDBS). And the corrosion inhibition of
carbon steel immersed in 3.5% NaCl medium by molybdenum composite inhibitor is investigated. The optimal corrosion
inhibitor component that sodium molybdate is 50 mg/1., the SDBS is 30 mg/L., the sodium silicate is 5 mg/L and the zinc
sulfate is 2 mg/L., is determined by the potentiodyramc polarization curves and orthogonal test methods. The results of the
potentiodyrame polarization curves and the weight loss tests results consistently reveal that the compound corrosion inhibitor
has excellent corrosion inhibition performance, and the inhibition efficiency of the potentiodynamic polaniation cnroes method
in 3. 5% NaCl medium is up to 90% . Meanwhile, the microcosmic morphology change of carbon steel surface is studied by
scanning electron microscopy.

Key words: molybdenum compound inhibitor; NaCl; carbon steel





