Vol.46 No.12
o 146 - NEW CHEMICAL MATERIALS

L B # oM R

CdS/CeO,/EREUAEHESH ARG F
K E St BA R oK 1P 1 B PE e
EEH EEFE W A

(LFMKF B mA T F,H M 213164;2.5% M 21 B A #HF A R 8], % M 213164)

X R x| A

H E OAKRBEERBER CeO,/ B B M EAMA R £ EMA L 5 &K CdS R KT 15 2] CdS/CeO, /& R AL
& EW(CAS/Ce0, /RGO $ B M A oM, RAEREE X HEMTHBN G LEFFRA MG LMK
RTZAAMA T 304SS e LB AMBA e, ZREAV . ETRLALBHE T, 5 CdS f» CdS/RGO 48 1k, CdS/CeO, /
RGO AAMMBUAAECTFEETRELHE A FBIFHRLEMBRY AR, B CeO, L& HHE T, TLEKR
X G .CeO, 437818 304SS IENE T A M £ L 2+ 304SS A 2] B L e AR ER .

E#E  Ce0,,CdS, 5 B4, L H M HEP

Preparation of CdS/CeO,/RGO and its photocathodic protection for 304 SS

Wu Fengqin'? Zuo Shixiang' Li Xiazhang' Liu Wenjie! Yao Chao'

(1.School of Petrochemical Engineering,Changzhou University,Changzhou 213164 ;
2.Changzhou Nano-materials S& T Co.,Ltd.,Changzhou 213164)

Abstract  CeO,/RGO was firstly prepared by hydrothermal and then CdS/CeQ,/RGO composite with
hierarchical structure was successfully prepared by loading cadmium sulfide nanoparticles. The material was
characterized by TEM,XRD and raman. The photocathodic protection performance of CdS/CeQ, /RGO for 304SS under
visible light was also investigated. The results showed that the photo generated electrons and holes of CdS/CeQ, /RGO
which showed the best photocathodic protection performance was more easily separated than that of CdS and CdS/RGO
materials under visible light.In addition,CeO, had the ability to store electrons.CeQ, still could inject electrons into 304

stainless steel even without visible light. Thus, CdS/CeQ; /RGO could provide continuous cathodic protection to 304
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stainless steel in the dark.

Key words

P REAL B A 304SS 4 @ 85 )32 W T 45 A4
Sof o L HL J 350 0 ok ) AR KRR T LN L ARk
B f [ 6 B R 90 L AR 304SS 3R T i AR 4
2 AR SR DL SR B kA A RN
DR BB T E . B,
22 2 S R A 0 6 BB A AR b (R TE S
AR B S 1 BE 2 % AT A O ERA B AR i R
P CeOy R—FpH WA K R e  HA
Lt 304SS 5 ke A B G A B A, HLHL & 7RO B
WA b g F T RE

A B M EA R R B R TR
T FRARL TS DA B R AR L CeO, AR R
FE A, CAS Gk RL T R AW R R IR T CdS/
CeO, /1 )i 2 W45 B & Mk, CdS/CeO, TE 1

CeQ, ,CdS, graphene, photocathodic protection

SRS A5 F AR e T AT UL 6 e e R v R A T e A
TS5 MES. WM EAEKRIZ LM
CeO, YK BEAALREAE A7 L T, 38 7T A 20 /D> A
ARl 5 HE S, SR R ph A R LR, A R
I v ) AL B RE AT LAGE AR i P s R B
304SS ARG TOHARFESERNES. K
9838 3 K 1 58 B U AR CeO, /A 884 — o0 H
B SR 5 I B Ek CdS BT R I ] & CdS/CeO, /1B
JR AT B0 (CAS/ CeO, /RGO) Z R 454 2 & K
FERFSE T %A MHBENT 304SS (563 M AR PR RE

1 LIGER 4

[ #%
BRLTR AT i il PR P i S A0 S i R il A NaOHL

1.1

ESHE HEHAB RS (51702026) ; 119548 T A6 & 8142 % B (BE2018649)
YEZ T A« 52 T (1967-) o r AR L R 9 T AR U L S5 A0 55 5 1) Sy 35 6 e 0 0 45 5 R



%12 R RJTAE :CAS/CeO, /38 A AT 8245 52 5 1 B i 4 B HOR B AR O 4P 0 ) A .+ 147 -

SACER B ERIR L 3 o pr Al [ 24 4R AT Ak A R
RN A5, ML RNTEM BB A RA A,
1.2 |EUAESH(GO)MH &

fE 1L = BB P A 240mL ¥ B R A1
26. 6mL W BEIR . B FEI 5T, 218 I A 2g 5 R A7 A5
M 12g mARRE, 50°CAKIEIFE 12h J5, ARR A Z
IR LB IR AW R A VKK AT 20mL XU K (30 %)
RAW . 8B, H 1mol/L 5 BRI W A 7517
KB VR E T, AT E AT §lS GO,
1.3 CdS/Ce0,/RGO & REME ST RIAH F

(¥ 8. 7mg GO % F 25mL 9mol/L NaOH
W R, 8 2> B 30min, ¥ B B % 0 SmL
0. 4mol/ L fiff BR 4 %5 ¥ » 8+ 30min J5,140°C F K
24h R HJE B0 (TR A0°C TR LN, SUARF
400°C 4R 4h, BIAT ] 5 CeO, /RGO H &M KL,

(2)H 0. 78g CeO, /RGO ¥ F 50ml 0. 04mol/L
SALE KW L A 0. 091g B RBEHE 30min,
0. Imol/L AW I 17 pH=3,0C T 4kZfii+ 1h
J&i » 3% I 30mL 0. 08mol/L & 1k 4l /K i B, I L
30min J5 & T BIH54b &4k 24h, i 3 PR 40°C T
Ji J5 BRI 45 CdS itk 30 % (wt, T 7080, T
D) CdS/CeO, /RGO Z R 4552 4 M kL, LA
FE DA CdS f 8 10%.20% F1 40% (1)
CdS/CeO, /RGO ZHLEME A MK,
1.4 PBAEHEREMIR

PRI 50mg A M B T ImL 22480k b,
P43 HC 30min, RS AR RS L 50 L 43 UK 34 20 R B
FETRUN Tem® BEKHEN b, F AR TS %0 5pL
Nafion W BT /5 & F &4 0. lmol/L Na,S Byt
L FR . 304SS A SR T/F B B BT ke % 3
o IR DL P R R O AR L R R H R HL R (SCED 2
Z LR, 3. 5% NaCl % W 0 WL AR 1 DG B 5 A8
B AR DL S i 2, O F A b 5 ok R A el DL R
BriZe#z. DL 300W AT i Al LG OG IR L 38 i H fh 2
TAES (CHI660D A XJ A4 R} H A 74 5 3 B A% £
PEREVEAT I

3 B HE R il 2 T i L A (E ) B il
T E (1 o) FHR AR (b)) BB AR (b)) F S
B (D — ) T8 1 3 A8 (CR) L W Ak HL BHL
(R PRI (PE) ,

I (A/cm®) « M(g)

CR = ‘ @D)
D(g/cm®) « V
b, *b.
R, = - 2
! 2.303 « (b, +b) o Ton @
PE = (1— I(*nrr(z)/lrorr(l)) X 100% (3)

K, M 2 304SS WHHXT 73 F i it s D A
WM g/em®;V HIEE, em® s T oney WIRBE R A
A BEAS 55 4K HL A 1 Bl L TR B L A em® 5 ] oy N
25 AN 45 0 F A B ol R IR 2 B L A em”

1.5 S HTRAE

FH X 54 A 5 (XRD, SHIMADZUXRD-
6000 1Y, [ AR B HELN T XF b4 k) i 25 44 A4 I 4 Al
AT 4 M. Cu #8, B JE 40kV, B i 30mA, A =
0. 154056 , ¥ 4 3# 2% 5 0 [ 43 51 & 6°/min 1 5~
80°; % 47 & i Y (RL, LabRAM HR Evolution
R, H A Horiba 72 w)) X 8 B} 14 45 #4317 43 #r
A57nm G FHOE WA I E] 10s, 4575 Fl 1000~
3000cm ™' 5 SR 48 Ah-1T UL 18 2 5 %% (UV-Vis,
UV-3600 %4, H A 8 B2 5D W5 448} WG P fg
FH 35 Bl 200 ~ 800nm; >R H 5 §F B F i il B
(TEM.,JEOL-2010 A, H A JEOL 2\ &) 3 W 2 44
BHIE AL

2 HR5WiE

2.1 XRD &#f

1 4 GO,RGO, CdS. CeO, Fil CdS/CeO,/
RGO ZRZ5H 2 A F Y XRD 35 &, i B v %0,
10. 4° kb AP B XF N GO B C001) i TAT - & 1fi ] BE
4 0. 821nm; RGO Y 5 1F AT 5F 1E 7 & 26. 1° 4k, §
F E]#E R 0. 368nm, BBl GO #7540 E BE H # 3 AR
MR, CdS 1E 26. 5°,44. 4°F1 52°4b B A7 5 06 23 51 %F
R H (111, (220) F1(311) f i s CeO, 7E 28.5°,
33.1°,47.5° 1 56. 37 &b 4 AT S g xF i H (111)
(200).(220) 1 (31D FH ™ . 7E CdS/CeO, /RGO
LW LERE A OB XRD 3% &t RGO Fil CdS 1Y
5t e LT W 8 25 5 27° 4 4 B 58 04 2 W R 2 )
% T CdS/Ce0, /RGO ZH LN Z MK,

‘_%_/b__,_k_/\w_e,\,
WD) o0 220 (31 4
c

ay 220 (311)

(oa1) ©02)

ﬁgl(a.u.)

||||||||||||||

5 15 25 35 45 55 65 75
20/(°)

B 1 GO(a) .RGO(b).CdS(c).CeO, (d)F
CdS/CeO, /RGO ZH LM EZ &R )iy XRD 1% K

2.2 RL 17
&l 2 CdS. CeO, RGO HIl CdS/CeO,/RGO
YA AR RL GG i [ R CdS 1Y



< 148 - 1 T 8 B 946 &

RLEEHA 2 4 CdS ML=/ FAL 1LO Al
2LO 9ok 2 & 7 B 4 Bl 5 292.9em ™ AN
600. 2cm AR 55 R 4 AR 16 K BT CdS 45
AR, R SF /. X 5 XRD 4 — 3. CeO,
B RL 3% B 7 463cm ' FE7E— 58 CeO, FRIEIE,
IEM % T CeO, . 7E 600cm A FEAE— 155 T8
Vg, FTRE 2 CeO, 3 I A7 16 2 1F il P4 4 25 Bt
RGO 1 CdS/CeO, /RGO £ % 45 # &2 & # kL 15
1346cm ™ ' A1 1598cm ' AbAR H BL T A1 2804 1Y D g Al
G g, 5 CdS 1 CeO, L, CdS/CeO, /RGO £ %
S AR 5 A5 I L R A U A X B 5 L X TR R CdS/
CeO, 5 25 85 My AF ARG B . S B0 B 2R

%
LS

ana

200 400 600 800 1000 12001400160018002000
PG/ cm!

Kl 2 CdS(a).CeO,(b) \RGO(e) Al CdS/CeO, /RGO
Z W A BB [ RL 15 P Gl A Js) 3 R D

2.3 TEM %#F

& 3 & RGO #1 CdS/CeO,/RGO LK 451 5
ARRHY TEM & EDS g%, & 3Ca) a4,
RGO #iT2 B, W 4 i #8 4% . B & 3 (b) al A,
CeO, 9k 5) i 7E RGO |, CdS 94 K ki 11
5150 A AE CeO, KM L, UL LI 51 T CdS/
CeO, /RGO ZHEEM G MR, & 1H TEM & /]
FILE 3(e)].CdS R5F25 K 5nm, 5 XRD 43 #r —

-

L, CAS Q111 & il A A% B BE A 0. 33nm, CeO,

(b) :\:—\‘-' .«“"

fER/eV

3 RGO(a).CdS/Ce0, /RGO £ %45
A FEHR TEM B (b—c) 1 EDS BERE & (d)

(200) F1 (220) /& 1 8] BE 4> 5] A 0. 191nm Al
0.275nm™ " E 3(D)EM B T C.O.Ce,S Fl
Cd L&, #t—HIEW CdS/CeO, /RGO LY 451 5
G M BHATE L .
2.4 UV-Vis 73 #f

K& 4 & CdS.CeO,.CdS/RGO Fl CdS/CeO,/
RGO ZHEMBE M ER UV-Vis {EE ., hE
HL,CdS Bl CeO, By UV-Vis 3% 8 5 ik [16 19R &
—8, CdS/RGO F1 CdS/CeO, /RGO £ 452
A MORHER A AR 5 1 R WU BE T, A T CAS/RGO,
CdS/CeO., /RGO £ %K 451 2 & b kB W Wi i 76 7T
WX IRAR KB T A, X EZEHEKEF CeO, Al
CAS ZHIEK T pn SRS, BEAE T /0 F I H
L e &, W CdS/CeO, /RGO £ R 55 &
MR & B AR e L R REN .

250 350 450 550 650 750
/nm

K 4 CdS(a).CeO, (b) .CAS/RGO(e)Fl CdS/CeO,/
RGO 2 A A EHD I UV-Vis i &

2.5 HBIFERML

304SS.CdS. CdS/RGO 1 CdS/Ce0, /RGO %
REEME G MR FE R AL &R WL 5. H B 5
Mk a—d A0, 304SS LA BB KM 1., FE /N
1) E o s TR BN A BHE 304SS HLR AT 5 B /MK
I oo FITE R E o » 78 CdS/CeO, /RGO £ 9 251
HAMELR 304SS B A & i /NI T AR K
E s W CdS/CeO, /RGO £ R/ 4EM AW BE &
o i 1Y B R e

—4t
5.

—6f A

=7+ £

-8t e a

logi(A*cm?)
I

bey

0.9-08-07-06-05-04-03-02 0.1 0.0
E/(V.vs.SCE)
Kl 5 304SS,CdS.CdS/RGO fil CdS/CeO, /RGO
Z REEM A MR I IR R Ak th 2 1
(a:3048S, 2% H; b—d: Bf & F CdS. CdS/RGO Hl CdS/CeO,/
RGO ZH &M E G M A e g W WK T CdS. CdS/RGO Hl
CdS/Ce0: /RGO LR EEME G M KD



512

R RJTAE :CAS/CeO, /38 A AT 8245 52 5 1 B i 4 B HOR B AR O 4P 0 ) A « 149 -

AR FT RS A RS8R 1. 7
BT fF 25 11 304SS LB Al CdS. CeO, /RGO K
CdS/CeO, /RGO Z H L5152 45 Mo iR A
W AT IEFER E o MR, 8K, I, A1 CR

N FRIIE AT L ARl v B DT FR T
CdS %78 304SS MMt 5 . PE H A 26.30% , i #sm 1
RGO J& , PE KRR, CAS/CeO, /RGO LR 4540 55
AR PE A% 81.18% . A & B HEHI BT AR

x1 TEFHTRRHONEARESH

e Ot L Ak 27 B T 1 A I 3 CR/ PE/

" b./Vdec ! b./Vdec ! core/ V' Teon/(pAsem™2) R,/(kQecm?) (mmey ') %

304SS(%E H) 7.903 2. 054 —0.193 24.75 28. 62 8.92X1073 —
CAS(BEA T 3. 052 6.683 —0.168 18. 24 49. 88 6.57X107%  26.30
CdS/RGO(KEET) 2.824 7. 245 —0. 141 11. 57 76. 26 4.17X1073  53.25
CdS/CeO2 /RGO ZHLEME A BHHEET) 7.846 1.031 —0.110 4.66 84.91 1.68X107% 81.18

PIAS[R] R 6} U 2 Bk Ha A R S B AR, 55 304SS
FL AR B 405 J 7 1T LG BRI A5 A 38 S R il 2 0
Bl5 ek e—g. MBI, SR04 BHE R WL IR
SR ERTHZE (e —h D) AR TIRE
304SS ML b o fff HH AR TR B AR Y 1 8 ok o7
WIS BT B AR E . Ak, CdS/CeO, /RGO
L 5N 5 4 MERHET 304SS HL B HL 7 W G 14 7R T
KBRS A 2 B i BA AR AR B s 2R
2.6 HLZFiERE

ARSI Ay HIE 5T T CdS, CdS/RGO Hl CdS/
CeO. /RGO Z L5 G MOBME S 56 B AR 4 R
304SS HL 1 HL Ak 2B M fE

5% & B A 28 0T Lol R AT S [ b ek i 7 4K
F e 1 T B L0 7E — 180mV Z2 45, 55 304SS 11 H JiE
PREAL(—0. 19mVO AT, T WOERG S, S8 H
R S5 1 304SS H M FL #4 S8 4K 2O R B S R
CdS Fil CAS/RGO f 304SS i 1 H F43 1) B A 2=
—320mV M —510mV KT 304SS 1Y 4 J& ik H o7,
AR B O B A R A AR . B &k S, CdS/
CeO, /RGO ZH L5 5 4 MBI 304SS HE % H, 3
PR 2 — 740mV, g AR T 304SS 1 [ 8 il H £,
Jr LA CdS/CeO, /RGO Z R A5 5 4 M EHA & B 4f
B BAM AR Y BE . o] WO RIS R, A
CdS/CeO. /RGO ZH 451 5 4 M EHEY 304SS HL )
HLSAJE RS TR R 2R A — A M B By
I HL A, K2 — 600m V., Xt 304SS 475 47 1R 4 1) 6 5L
B AR, 3X o CeO, 40K M A7 5 A% 47 B F MR
R 0T UL BE SR B L CdS bz 7 A B350 43 e A= BT
CeO, 44K it 77, M BRI CeO, 4K H B il
BT, RGO P A8 2 304SS -, AT ik 2 Bl
TR

S —HF LT CdS/CeO, /RGO £ % 45 #s
A MR S o H B R B 304SS HL B 1 K i [R]

TE g B AL AR RS B, & Y CdS/CeO, /RGO £ %
SEA S5 MR R UL BRI, 304SS HI B HL A 2
JE T B IT e AE — AR A L 3, BRUE 1h S5, G H
HLUR, A28 A TRE . 5h 5, S 4k RF
E—590mV A7, i AK T 304SS H JE il A7, i WA
CdS/Ce0, /RGO ZH L5 4 M BHEGIR X )5
WA XA A R A3 .

e O FL IR R PR T A YO0 AR T A B RE
FIUE WEGEIA K B, Y4 AT UL Ot B G A, 304SS H )
A T R, U A AE TR R AR, CdS/
CeO, /RGO ZH L5 5 G MY 304SS HL ) 1Y £2
E OB E K B 0.0007A/em?, & = T LI CdS
(0. 00042A/cm®) F1 CdS/RGO (0. 00031A/cm?®) Ky
JEHLR BB 304SS HL AR, R B CdS/CeO, /RGO
ZREME GMEIX A F X (e” —h )
AER W3 EHOR, LI CH JE, it 3048S
HL A HL O 8 R A T B o L I R T Ol A L R A
KRR,

2.7 BHIETERE
ARSI i — 2B P T CdS/RGO Fl CdS/
14000
12000

600 1200 1800
Z/(Q+ om?)

0 2000 4000 6000 8000 10000
Z'/(Q cm?)

K6 CdS/RGO fil CdS/CeO, /RGO ZH/EEME 4
PR % H Ak 27 A2 BT R 42 B A 4 1 Sk Jri B i R D
(a:304SS,%5 [ ;b—c: AJ W T CdS/RGO F1 CdS/CeO: /RGO
LZREMEAMEd—e: AT CdS/RGO Ml CdS/CeO2 /RGO
LRI S MED



* 150 -

& T BB OB

o546 %

CeO. /RGO Z Y4510 52 G MR B B PERE , H oLk
AR BT 2R IR 6., A5 b O A 1R R A8 3 B T 6
JO7 ) AR . S AR BRI LR S L 2, Hop
Ry fE W A P R A Qp 43 3 2 A [ 4 BHIR 12
R L BEL AN L 25 L R I Q43 31l Sy HL A 2 7% H, BHEL AR R
HZHBEEY, HEEITH. ARES T IRET
CdS/CeO. /RGO Z G 45 ¥4 52 & M ¥ 5, 304SS 1
e 1) 28 it BELBIE 1 28 22 42 A L 25 11 304SS L i (i
FHIOR AN R, AR A WY 3 Ok, 3R T H A

2 AN NN ) | WG N A = < A I I I
CdS/Ce0, /RGO Z LM E S MR ZTER AT
EE TR, T ROCRE T,
CdS/RGO # E . CdS/CeQ, /RGO £ %% 4544 & 4
B 304SS H M 1y 22 dat BH 40 il £k 2 12 0/ %,
R AR LM E B B, 2] CdS/CeO, /RGO £
HEET A MR RE 0% T 47 M O A H A 0
O3 B RN B8 AR 30 R A2 BN . DA 3K B B A Y Ol
A AR ROR .

x2 ZTREREARBESH

Qu
FL R./Q Ri/Q R./Q
Yo n Y, n
304 AEEWNCE HD 5. 88 7.53X107° 0. 86 4. 21X 10! 2.69X 1071 0.75  4.03X10!
CdS/RGOUERT) 6. 64 5.38X107° 0. 84 7.22X104 6.69X10* 0.79  1.55X10°
CdS/CeO2 /RGO L% M E AR (EET) 9. 36 5.47X10°° 0.83 9. 16X 10" 9.69X10 * 0.76  1.94X10°
CdS/RGOCH WYL ) 4. 64 1.38X10~* 0. 86 4. 15X 103 5.69X10* 0.77 6.56x<10°
CdS/CeO2 /RGO Z 5 G A M BT BT 4.79 1.87X101 0. 87 2. 26X 102 7.69X10 4 0.76  3.25X10°

3 i

PL RGO N8 &, CeO, 44K ¥ N B 42, #l &
CdS/CeO. /RGO ZH LM A5 M EEH, CeO, gHKE
Y5 A 7E RGO [, CdS 44Kk T 7 878 CeO, 44
Kb b, CeO, PORBEANUA BRLZHEMEM. 5 CdS
T 1S5 T 45 LA I L s m T ER S 43 0 AR L
23R B AR AE L T, CdS/CeO, /RGO £ 2 45 s
5 A MR 2 B T D I R S R S A o R
AR AR 3P P B L 0 304.SS 2 B R4 14 B i AR

&%k

[1] LiuW,Wang Y G,Su G,et al. The effect of incorporating car-
bon nanotubes in titania films used for the photocathode pro-
tection of 304 stainless steel[ J].Carbon,2012,50(10) ;:3641-
3648.

[2] LiH.Wang X,Wei Q.et al. Enhanced photocathodic protec-
tion performance of Ag/graphene/TiO, composite for 304SS
under visible light[]J].Nanotechnology,2017,28(22) : 225701~
225709.

[3] Olad A, Barati M, Shirmohammadi H. Conductivity and an-
ticorrosion performance of polyaniline/zinc composites:inves-
tigation of zinc particle size and distribution effect[ ] ]. Pro-
gress in Organic Coatings,2011,72(4) :599-604.

[ 4] Huang J,Shinshara T, Tsujikawa S.Protection of carbon steel
from atmospheric corrosion by TiO; coating [ ] ]. Corrosion
Engineering,1999,48:217-266.

[5] Sun M.Chen Z,Bu Y,et al.Effect of ZnO on the corrosion of

zinc, Q235 carbon steel and 304 stainless steel under white
light illumination[ J].Corrosion Science,2014,82(2) :77-84.

[6] XuH,Liu W,Cao L,et al.Preparation of porous TiO:/ZnO
composite film and its photocathodic protection properties for
304 stainless steel [ J]. Applied Surface Science, 2014, 301
(10):508-514.

[ 7] BuY.,Ao] P.A review on photoelectrochemical cathodic pro-
tection semiconductor thin films for metals[ J].Green Energy
& Environment,2017.,2(3):331-363.

[ 8] Cecilia J, Arango-Diaz A, Marrero-Jerez J, et al.Catalytic be-
haviour of CuO-CeO;systems prepared by different dynthetic
methodologies in the CO-PROX reaction under CO;-H;O
feed stream[]].Catalysts,2017,7(6):160-169.

[ 9] Biermann A, Aubert T, Baumeister P, et al.Interface forma-
tion during silica encapsulation of colloidal CdSe/CdS quan-
tum dots observed by in situ Raman spectroscopy[ ] ].Journal
of Chemical Physics,2017,146(13):171-327.

[10] Saleem M F, Zhang H,Deng Y.et al.Resonant Raman scat-
tering in nanocrystalline thin CdS film[]].Journal of Raman
Spectroscopy»2016,5(7) :705-713.

C11] T 5. o A 4 ' Fi S A ) 46 B RAE[ D] K 35 AR 2,
2011.

[12] Hattori T,Kobayashi K,Ozawa M.Size effect of Raman scat-
tering on CeO; nanocrystal by hydrothermal method[J].Japa-
nese Journal of Applied Physics,2017,56(1S) :01AEO06.

[13] Mani A D, Nandy S, Subrahmanyam C. Synthesis of CdS/
CeO; nanomaterials for photocatalytic H, production and
simultaneous removal of phenol and Cr( VI)[]].Journal of En-

vironmental Chemical Engineering,2015,3(4) :2350-2357.
(T 4% 155 T





