Vol.17 No. 18 Jun. 2017
(© 2017 Sci. Tech. Engrg.

75 S 5 S NS T B

Science Technology and Engineering

W17 % 18 2017 4E 6
1671—1815(2017) 18-0336-05

MERZE RERMEF

GO AR B R S AT AL
I K 1) P HE Be ALAR

EEH RAE heein AR
CINARBHE KA 58 TREABE , 5 266590)

i O VRS AT NP A A AR A T DL E R R B R R T R AL R ok b 5
M R-Cu, O B A MR, R R AR AR Fo il . SRR, AR AL R &4 T MK Co, 0, K-Cu,O = F0 A 4 3 T W
EEAARE TR BEMRE, ALBAGTHRAREALRE, XHAALREFHT, B H-Co,0 B FHHEER, TR
AR, T LA G B AR BUR s AT Am N H, 0, % 1 4-Cu, O & & 4 R P AR AR 0 vl , R 3L Cu, O 7= 2 ) L -8 RO ¥ DA
Ak H,0, R, FE A EWBAMERER, AR RE L EME R # — 5 2B H-Cu,0 &M EAILELIA, K
H-Cu,0 BRFRENPAZANE EFPE - NAMBERMEESERA S —FABER - MNBEARREEZER,F6
y=-0.0069x" +1.184 3x +26.978 # A & = M # F FH,

K] Afrsm  bER AR
bk RS Xs2 SRR GRS A

PSS R FE A —E B KRR R AR
A RIMEA R R K R A BT o9, B 5 Tio, 2
LI SO . B T R EER B/
T 385 nm BN, X RE T TIo, A . £
FlHT R 2 SO AR B AT 5T R BRI 21 1 —
WS, B0 CuO, 1y p BLE S, By T AR 58
FEZI N 2. 0eV AT FEAF T WG, Bk & —Fl
+ AT BOEMALR . BN Wang 2557 % FH 4
A -4 A R R A W 1 O 3R AR T S8 O iR
Cu, 0, SEALTEARCAEAL B HLEE g « 24 48 Ak 7 4 i AT
HE(A >400 nm) FR T 30K BT g0l BR G 2
S RO B 125 0%, 2505 H,0 ,OH ™ 45 2 )i
EEJJ*AA ° OH\OQ \Hzoz%g_‘%ﬁjj H‘J’fﬂt?ﬂ]m 9T£ﬁlﬁ{%
S BA e A o

(R, 1 T8 A s AR AL 7], HAE B

2016 4F 12 A 12 H 3| %K A SRR #HE 43 (51408347 ) I
B T R AT T3 (15-9-1-58-jch) BE M)
CHEAEE A R R (1983—) . BFSETT I =R BT AL
AbPHEE AR E-mail : LL-1382@ 163. com,
SRR, XBUA, M, 55 SORAL AL TSR AR
ALK R TERE R ALBET ] B 2# R 5 TR, 2017, 17(18) .
336—340
Wang Huijing, Liu Shujuan, Shang Xiaohan, et al. Degradation perform-
ance and mechanism of supported cuprous oxide to deal with the organic
wastewater[ J]. Science Technology and Engineering, 2017, 17 (18) :
336—340

i P I RS, 5 RN 0 S TR e T B TR
S R A T CAEAAT AL TS I AESE (]8T, T
PASR T A0 S Al el 1) O ik (AR5
SE TR SR BRI BRIV W R
T35, B R EA L AR R B i A A A, 2R
LA B KL Ay 28 AR ] 7 S AW A , 7 S I 7 P oA B T
W PEFEA BITE B, SN R A s e ot AR
REAE R A, R FTIE 01 ) 4 0 B S A, 25
M TR S A 5 4 A e A RE RISy 28 AL T
e R AU A .

1 KB

1.1 SEIWAE
111 MEemas

Sy e B £ 2k S AL A B BE T k2 I X S
BRI, L 28 2 B B RLE A T S B AL B, 52
5 I35 FH %) B R kg i 32 W) K ) B S P ., i 2 Pl b
BHRANHFS ~20 mm ANEE, Akt bk 3 BRiAR ] i
AR, SR PR E AR R 15 mm 2247 (1) BRI,
il B R T — 2R AP A B AT ) P b i i
—EWRE MY NaOH W, SR G #E 186 +E 0.5 hy 2
J& B BRI I AE 2R IR K B TE 3 ~ 5 Ik, R TEVE
WETM: . EUE RIFERIALE 50 C A& FHET
1 1.2 R4 89 4] & B R AE

AR 1) ] 28 6 55 4 Ak ST A 114 1) £ R P Rz
WA MR H A o 55—, A AR i il 25 < B



18 1] TR, 45 - SR S A A B AR A7 AT L K B P B S LB 337

5 mol/L f) NaOH 30 mL £ 1 mol/L i CuSO, & K
HBERE SIS N L5 mol/ L) A 4 B 20 mL
TH, WIR SRR BCE T 65 CIEIR/KIA Th 212 1)
FF5 SO 30 min J5 ¥ H F = I8, 9 S B R
Bk, Bda AT . 58—, Bk -4E AL AR &2 A #t
BRI 4% . B 5 mol/L ) NaOH 30 mL & 1 mol/L A
CuSO, YW P s B FE 51 J5 , I 1.5 mol/ L 1) 4] 4 4
VS 20 mL T G R A B R4 T I A R
IR AR R CE T 65 °C1E K i 22 18 4k
F£; R0 30 min Ji5 ¥4 0 5 5 I BT AL AR 11
B R ] B VR EOR , BRI .

FE it 1 R AE 4 90 2 BB 7 280 48 Ak I 58] 1) P
VAN 0 R W22 =<9 O | 2 = T O
A B B — 5 KL AR IR K, 4T XRD 437, 43 B
FEM PR IRIE S o X B by R AT SHU S Bk 6 41
U0 Cu Ko, T AEH JE 5 40 kV, 9 fiff 8 &
58 (°)/min,

113 SEgo ikt

PRI 22 e it s SR — o Yk i 1 . P
W WAE W FE X 4, R IR 1 B 7R 1 55 36 1
T - TS0 . I 430 M 25 R b ek %) [ fige 1 R 1Y)
WE9E , DMETS 2 B RL-Cu, O 525 AR 6 A 14 8 S
PLEE

®1 FH-Cu,0 EGMEIEIFERIERE ST RILITR
Table 1 Ceramsite-Cu,O composite
degradation performance design
s ERITRE #iE
(1) W SR L RE 247
WagHii-Cu, O YEREMEPERE  (2) Cup O FEIRE-Cu, O SLREAR M

g (3) Hy O 41 W -Cu O S i
S
L0 AR i;?;gg”&w‘ I 0 e A
VEMRPERENLIIANT

(2) it 5 Jy 248

R e 2240 7 < B DN KB 1 1T D 6 6 B 7
665 nm A E W IEIE . FRARR N

n = % x 100% (1)
() A, WP WOEIE A, AR 5 OB .
1.2 KR RS

A FOK B R 4 (CuSO, - SH, O) | 4 % 4l
(CeH,04) E L4 (NaOH) 3T A AL (H,0,) 55
WA TS W I A S TN 7 A

1X#% . DHG—9053] & % 5 i 5 K+ 1 44,
HZK—FA110 # By -7 K- HH—S #aE 5 K 7 58,
SHZ—D (IIT) FUE 3 /K 20 B 25 22 Ultima IV A X 52k
FIARAT Y (Rigaku Corporation ) , HI—4A % i H

Z KW R 40 W BT \WEIT7200 A] WL 730t
E‘i—l‘O

2 #RE®

2.1 SHITEHRIE

K1 R Bks  Cu, O FFRL-Cu, O Y X SFLAT 5T
K, A LAE Bk i R R Si0,, Hi20 4
20.7° 26.4° 36.4° 50. 0°F1 68. 0° 77 5 &b 4351 Xif
M (100) ,(011) ((110) ((112) ((203) fhTAi. TMEl 1
(b) SBRAE 260 K 29. 80° 36. 62° .42.57° 61. 72°Fll
73. 91 fT A AL , 0T 7 () Cu, O (110) ((111) |
(200) .(220) . (311) fhTH . AR#fE SiO, Fil Cu, O HYFTT
S, 3BT 1 (e) & B, P Ai-Cu, O & & 41 R 3
BT St A XoF 7 ) S X L 1 S0, A1 Cu, O F) & T o
PR G, 3 10 B, 7E A= i 48010 S 1 o AR oo A B
W, B R AE B R i ) R SE AR A . il 75 Cu, O
TR T FRL 1) Cu, O BEIRIAR N 2 Fis ., 3
2 R LA Y FE [RVRE (0 1 &5 2 1R, B kL 7 3108
R A8 A IV A P9 A% L BP0 1 5 7 S I B A
BN AH WD I AN B ROk F, B RT3k
Cu,0 J5 Cu, O 1R B 45 48 RO 5 38 A W i 1

A

SFFRL(SIO,)

¥ Cu,0

Intensity (a.u.)

hA
Cu,0 hie
: x O T

20/%)

K1 XRD 3%
Fig. 1 XRD patterns

%2 Cu,0.fg#i(Cu,0) FiRifER
Table 2 Cuprous oxide, ceramsite-cuprous Cu,O

oxide average particle size

HEAEF - HRiAR/ nm
Cu, 0 26.92
TR AE R b 1) Cu, O 20. 87




338 (R S N NS T N 17 %

2.2 FPR-Cu, 0 EEH R PERRIERES T
2.2.1 %-Cu,0 Kb gk ag % 5

ViVl —Fh Z LA L, X5 G A — 2 i
FPERE. o BT B Ri-Cu, O 52 4 B4 B B i 1 fiE
DX W2 BRI S R i 1 25 S 1o b 2 ISR BUAH R4
TR — s v B2 0 P56 VA W T s e, 0 I A B
HiCu, O B RL-Cu, O = FhAFRHE TCOE BB 15 00 T
(BPHE L) Al Cu, O Pk -Cu, O 524 B BHE AT L%
WESFP AR PRI T W i, ROV 3 he N4 TR
B IR R S0 10 min, JURE BT R
PRI B0 T RS A 2 s .

70.00

.................. M —— iy

60.001  TRERsEEREE PRI
50.00 :
= !
3 40.00 !
3 !
£ 3000 i
1
20.00 i
i
1

0.00 — 1
Fiki-Cu,0  Cu,0 Fipki  BH-Cu,0 Cu,0
Fefige okt
B2 R RRERR ORI

Fig. 2 Degradation effect of different conditions

Hi & 2 W] AL, 7R TG 26 T B Ai-Cu, O Cu, O
Bt = R bA b X 7 Y R 8 #8 A A [ A B 1) [,
HEL W 1 B i 2 4y i) ik B 17.08% | 2.30% |
27.30% o HUZASARATLLE W, SRSl B R 7 5
WA — 1 AR BT , Wi B 56 m] LAGK B 27. 30% , 3 i B
T 22 LA 25 H , W X 1 R 366 1 ) o i 2 4K
W BAEPE RE 5 LI B LA SRR B A =, 7 8 B ] oAy BT
SERL (2 0.5 h) 5 53 ob, el S AL T 1 G A 8 R
(2.30% ) K& , TETCIC AR A4 % 7 Y Ak 3k e
B 0 1) AR A% 5 T X L B 0 B KE-Cu, O 2 5 A1 B
W B R R, B AR e X IV PR 3R 5 A W B R T LA
KN 17.08% , X LIS A5 MORE SR — 5 11 0 Bt
VERT  (ER A P R B A8 2% , 3k 3 S Ji R T R 4
PR A £ 2R B PRL I, PR A FL S F v i i T &
P AP IE l PR SS FHR  F sRA 2

FEEIRSRAE T, Cu, O B RL-Cu, O PR AAHEX I
PR AR AT AN TR BE AR KA , ST PP R A0 e 23270331
ik F 13.88% Fl 53.48% . X Ui W] % BT,
Cu, O H T JEHEA SR, 7 Y BR W75 5] — s R AE 1Y
KA s T BRPRE-Cu, O S AERHE G B SR T Xof S Y
WY KA A IR A & X BT B RE-Cu, O 541
BHE U [ VR S, AU WA R, T ELAT DGR i

2.2.2 H,0, & 4-Cu, O F A4} o9 % i M 48
A

43 3% %8 Cu,0/H,0, Fki-Cu,0/H,0, BiFfH)
IR AR e o HAAE 3R Sy, 75 AT WO BT, B 50
mL 7 H LW AR, A 2.5 mL 3o S0k S0 W (i
IR 10% ) INAMEA R BEAT R S5 00, 22 3 h
BN S o [RlE, 76 TGO BRI EE T R H R 20 SR AT
R, PIRNIREE T MR PERE QIR 3 F7R

90.00 W YRR YRR R

————————————————————————————

80.00  FEHO,FIMAHF ieroﬁ'ﬁf‘”'?"]W
70.00 i
£ 60.00 :
g;g 50.00 :
¥ 40.00 i
30.00 i
20.00 :
10.00 l i I
0.00 ! —

Cu0  HK-CuO  CuOM,0, CuOHI/H,O, Cu,0 HO, CuO-ikiH,0,

Fefir et

K3 AR SR IR R
Fig. 3 Degradation result after adding

hydrogen peroxide

B L 3 A FETCOE R ZE A0 A8 ] vk 32
A3 Y5 0 3 B 43 0 A B Kz-Cu, O/H, O, il
H, 0, , r 153 21 i 37 HH 3% 85 19 i B f 2 0UA 25% ~
27% o FAN, FEHIEZM T, Cu, O Fghi-Cu, O P Fp
ARMA ZE H 45 A H, O, X6 S H 35 15 fi R4 fidt 2%
BT BERR, RGO JCEm H,0,
MR R IR R 1 4. 26 £5F0 1. 37 £, FEADG
HERITCE BRI 254 % b4 b7, U BH B8R H, O, 1
S —F AR W R A — AR R R
{HZTESCAE AR BHA R v 1) 1 046 4R 3 i
i, B H,0, 81 Cu,O 774 1 WA R AR AE . i —20
4307, Cu, O FE AT WGBS R 774 T R Ay L -8
SO ER R A AR JEAR R AT LA T
S T 43 i H S A H,0, )5, Cu, O 7721
L =23 O] RUI#E H, O, A 7K i, 7 AR R Y 45
LA - 0, (HOO - | - OH L0, %5 4 A M
AT, AT LS R0 e el PR
2.2.3  Cu,O-4 45 5 fl 14 58 69 AUZR 5

h 5% Cu, O-BE KL R A PERE R HLEE, SR EL T 40
TRMALIR B2, 5 mL BT 53402 10% 1) H, 0, %
I 50 mL — 7 ¥ B 9 W7 FH L v i, 7 —
B DGR BE AT OG8N [R]
YR ] B DK AR AT IO BEIN 5 | TR %



18 1] TR, 45 - SR S A A B AR A7 AT L K B P B S LB 339

AN TR] N AR AR A0 4 Firzs o I 4wl B
Ki-Cu, O FEAR I3 W B R =B, 55 THrE, B0
~10 min, 7EIG R BE, V. T i A e A 30 L s 4 R 2
B Ra . FH A Y g b, R AR R AT LA F
12. 7% |1 2Z )5 B i R 4E F57E 30. 6% 3] 35. 7% 22
(] 5 565 TUBBE, BV 1S ~ 80 min, M7 FH 3 5 19 [ figp 40 28
o 44.7% ~T79.0% . 5 11 i BE, 7. FH 66 1 9 %
fp AR S AR PR HF A AZ, B 80 ~ 120 min, [ fif R h
79.0% ~81.4% ,

90
80 I: n : I

!
700
60 |

0§ 501 !

|

40 I

30| 1

20

10 {A

oLl i

20 40 60 80 100 1
t/min

P4 B a] 5 R A3 5 2R A
Fig. 4 Diagram of reaction time and the

degradation rate

255 2.2. 1 1 A R A, B AE-Cu, O 1B AL
PR A B IR B 3 n] LK 2 17. 08% Fl1 27. 03% , T
AT 10 min, 525 A4 R0 7 FY R 5 F) I R 32 5 3]
12.7% , B0 35. 7% o N, Cu, O-Fig ki 2 & 14 4
ERGRE] TR 25 2. 2.2 7, Ak BE— 22
B, Cu, O FHRTEIE IR A& AF R 77 A L -2 O i i
H, O, IR 7Kgt , A gt = A o 125 O IO TR 7 A2
TR A5 AR HE A, 56 S A 1R 3R A SRR K
AT BILTS ey, DT I o Ak SR B S B v, TR, 265
IT [y BOGHEA I A 21 2 VR AT 28 T B BE, B
FABT VIR, BRI AL . 33 DRk
Cu, O BRI A 3l Jy 2 8, bl U i
55 1B A LRI, RO A LIS 5 0. 973 7,56
T BAF A 2T A AR, R 0. 990 1,55 T [y
BeAF 5 22 00 [l U= iR e A =CnT Ui P 5
V2% R*E M 0.993 9,

AR P 748 Cu, O SR IV HY 3 05 T BEAF AR

®3 BH-Cu,0 EAM BRI FER
Table 3 Ceramsite-Cu, O composite

degradation dynamics model
75 [l 75 R’

£ WES y =2.966 2x +1. 180 6 R*=0.9737
SIKEBE y=-0.0069x% +1.184 3x +26.978  R*=0.990 1
B ULEE y= -0.000 54° +0. 157 26 +69.597  R>=0.993 9

MR BfF ' e b A FH o A0 28 o A R A ML 2L ] o
UNELS Fias o nTRAZE G, A A AR LA R
AT PR A . SRS, 7 P R AR A 0
PP R T o P B R B T B RS B P o 7 AT DL IR A
L EA R R e, A R - OH 2%
TR 3 5 W B0 81 o 2 B N ) I Y i, 79 TR
A RS S Ao i o

hv .OH
N hv .OH ho .OH
- )
o N ) N 2
. H,0 ©
o, -0, X H,0

\V} y
ﬁ MBOEH L) @ o
Cu0 & g cu,0 @

w(

FE)

o, 07

\VJ

(@
wo () MB
wC e
724

o, e

ki

K5 Fki-Cu, O BEff iRz A

Fig. 5 Degradation pathway of Ceramsite cuprous oxide

3 #Hie

WEFE T Bkt 28k S8 A0 S0 52 5 4k, 3 2ot o i
PERBII S H, O, X5 A b Rk 1) [ A M i T L S
5T T B RE R PLER, A5 2 I R 858 .

(1) I FBRL, Cu, O Figki-Cu, 0 =Fh
AT 7 Y A #  AN [) R E Fr e i, ST FH R 1)
W k43 3] ik 3] 27.30% 2. 30% (17. 08% ; 1£ ¢ I
KT, Cu, O B Ai-Cu, O FFPAARET I FH I i AR A
AN ) 2 B B B e, I FH R T A B A R 0 ) ok
13.88% 1 53. 48% . X i BHAE Y R 25140 T, B -
Cu,O & EA R PR IRV T, ASOUA W AR T, T
HAGRERROR

(2) A H,0,J5, Cu, O J= A= L 25 7R AT
DUINGE H, O, 7K fff , 7= Az R () 5 S8 Ak e L 1A,
B R R AR RE

(3) LB Ri-Cu, O 58 & MR AL
RIL, Bihi-Cu, O FEfFTS e 50 = A B, b 3
— B B A 2 A AT S — e A 5
AN BO R R EEAER L 5 A y = —0.006 957 +
1. 184 3x +26. 978 f:i7Y 55 =B Bt i TV Ha.

2 % X #t

1 B AR 7,5 iRk O R ——ah
AT . AR, 2007521(6) :130—133
Wei Mingzhen, Huo Jianzhen, Lun Ning, e al. A novel
Materials

semiconductor photocatalyst
Review, 2007;21(6) :130—133
2 fARAR,EE R Eh B AR TIO, AT UGBTIk R B FL )

nano cuprous oxide.



340 (R S N NS T N 17 %
At . fL kR 201534, 104—109 methyl orange. Materials Review, 2011;25(9) :27—34
He Donglin, Huang Hong,Zhong Li, et al. Development of titanium 8 FHER, B¥AE, kO, & B Cu, O/ AT 52 G MR
oxide response to visible light. Chemical Industry and Engineering A B RO, . TP ERH 83,2013 8(2) :81—86
Progress, 2015334 . 104—109 Tang Aidong, Yang Xuehua, Zhang Fang, et al. Synergistic effect of
Wang D, Mo M, Yu D, et al. Large-scale growth and shape evolution a mnovel Cu,O/sepiolite composite on the degradation of methyl
of Cu, O cubes. Crystal Growth and Design, 2003;3(5) ;717—720 orange. China Science Paper, 2013; 8(2) :81—86
R, iR, B . MO RS RE . & 9 KICE, IhEFE, ek, F. BRI/ AR EZ SRR
YA ,2003516(5) : 339—349 P SOt ML M REDF Y . PR B LA, 20115 5(4):
Han Shitong, Xi Hailing, Shi Ruixue, et al. Prospect and progress in 956—960
the semiconductor photocatalysis. Chinese Journal of Chemical Zhang Wenrong, Sun Jiashou, Chen Jinyi, et al. Preparation of
Physics, 2003;16(5) : 339—349 cuprous oxide/rectorite nano-composite and research of photocatalysis
Duan Xiuju, Gao Rongjie, Zhang Yadong, et al. Synthesis of sea properties. Chinese Journal of Environmental Engineering, 2011; 5
urchin-like cuprous oxide with hollow glass microspheres as cores and (4) :956—960
its preliminary application as a photocatalyst. Materials Letters,2011; 10 ik, ShiRMg , BXEEE 55 . 2 AL RO 78 TR M R

65:3625—3628

MOELEIRAN LS KA WA TR Cuy O S A 7R R ik HY R
. PR TR, 201559 (4) : 1783—1788

Lin Hui, Gao Rongjie, Feng Xin, et al.
methyl Cu,O.
Environmental Engineering, 2015;9(4) ; 1783—1788

HOEE, RN, IRHERR, 5. BEBOR-Cu/Cu, 0 H AR
il 2 M HOGHE AL I A HY R RS PO BIE 5 . B4 BH3 412, 2011525 (9)
27—34

Jian Ze, Gao Rongjie, Zhang Yadong, et al. Preparation of composite

Degradation property of

orange on zeolite loads Chinese Journal of

coating of cenospheres-Cu/Cu, O and its photocatalytic degradation of

9. pkRRERE A, 2005; (6) :80—84

Xie Lijin, Ma Junfeng, Zhao Zhongqgiang, et al. Prospect and
Current status in the semiconductor photocatalysts. Bulletin of the
Chinese Ceramic Society, 2005; (6) :80—84

WRSEBE, ARG, MR, AR BUR N A R
PR AR XN . 20 HT 24,2010 38(5) « 643—647
Ye Meiying, Li Baoxing, Ye Rongming, et al. Photodegradation of
organics with titanium oxide/hydrogen peroxide catalyst system in
microreactor and its application in environmental analysis. Chinese

Journal of Analytical Chemistry, 2010; 38(5) ; 643—647

Degradation Performance and Mechanism of Supported Cuprous Oxide to
Deal with the Organic Wastewater
WANG Hui-jing, LIU Shu-juan, SHANG Xiao-han, XUE Jian-liang "

(College of Chemistry and Environmental Engineering, Shandong University of

Science and Technology, Qingdao 266590, P. R. China)

[ Abstract |

recycling, ceramsite-Cu,O was prepared, and the composite degradation performance and mechanism was studied.

In order to improve the photo-degradation performance of cuprous oxide and solve the problem of

The results showed that under the condition of no light and light, the degradation of three kinds of materials
(ceramsite, Cu, O, ceramsite-Cu, O) were obvious different efficiency, and under the condition of light, the
degradation efficiency improved obviously. This indicated that under the condition of light, the degradation
performance and mechanism of ceramsite-Cu, O composite materials are both adsorbed degradation and photo-
degradation. Analysis the degradation performance of ceramsite-Cu, O composite with H,O,, the results indicated
that electronic-hole produced by Cu, O could accelerate the hydrolysis of H,O,, then, a lot of strong oxidizing
groups could be produced, which could effectively improve the photo-degradation performance. Further analysis
degradation mechanism of ceramsite-Cu, O, the process of degradation of pollutants could be divided into three
phases: in the first phase, adsorption plays a leading role, which conforms to one dimensional linear model. In the
second stage, photo-degradation plays an important role, which comply with y = —=0. 006 9 & + 1. 184 3x +26. 978
model. The third stage leveled off.
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cuprous oxide photocatalysis



