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Abstract

Cu;S films were synthesized on copper foil by the hydrothermal method with Tu as sulfur source.
Effects of EDTA-2Na and copper acetate on the crystal structure, surface and cross morphology,
and roughness of the films were studied by X-Ray Diffraction (XRD), Scanning Electron Microscope
(SEM), and ABIOS profilometer. Photocatalytic performances of the different samples were also
investigated by degrading methylene blue. Results show that copper acetate can inhibit growth of
the dendritic structure, and the surface roughness and the density of the films are reduced. Com-
bination of EDTA-2Na and copper acetate can improve the density of the film. Additionally, the op-
timal photocatalytic performance of theCu;S films by EDTA-2Na was obtained, and the degrada-
tion efficiency was achieved to 92.8% in 80 min. This is mainly because that the particles of on
surface of theCu,S film are small and well-distributed.
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1. 51§

B EELETTas,  IBWTIN R FR TS Qe RETR A D2 51 1V 2 2 ERIE RS, v 7 AN AE 4k
R, REABHUERAE R REIR OOy — IR IE ST AR R R — b3k S V2B s AL id
JEPED 55 R K AUV RSE, KA HLS R i Ho O CO, S8/ N1 RIS B L BRA HLIS 4
fri, HEA UGG BE SE R RIS R RN E T LUA R 38 B 0 H IO[L] [2]. Jbfigfef ik
FHEE 3 CupS. TiO,. CdS. CuO Z&RIRE M 454 — B H 4R FEL 1 AOMIRRE 41117 (Valence Band, VB)HIZ 1]
= HE 47 (Conduction Band, CB)FJ, i if 55 41 2 8] B B AT — %€ T2 BE (14570 (3] [4] [5] [6].

M LAREESE T BN T - AR ZE T S LG BRRE , Eq) DGR A SARM L BN, 0l LI - T2 %2
RO, B EEA R REN T, IR AR S L A T e TR T (), T R sRIE SR,
RIS AEAR T LB R g I L 2R (), A SR E . ITTAE - SRR R I 2R T A e T
PERIEAE T - 2O, T - BT S AE I E IR A2 2 B IS 2URORL K A R R i 7 B 7 3l S5 AR
SZ (30 o 5 2 A Rl ik S A 3 SR P R I AE A5 AT BLY S B o0 i [7] [8]. CugS AR —Higi e AL T4k
MR A R R AL B S AN (A AEE UE Sf s Aa g I, P AR TE T, A fae, Rl TE 2, DIIEfE

JeEA IS T2 BB AT AT 56 [9] [10] -
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AL EBRZR Cu,S HIFEAMEHE Cu A ERIEA AR, BFFE KR N F2E S R 47 A1 EDTA-2Na X
Cu,S EFETE % IME . PEARIR 7T T BERR A A EDTA-2Na IR Cu,S IR S A A KL ol 45+ LL
SRR FE RS0, DU B W5 e, WETE T AR 26 1F T BTl 46 1) Cu,S ST RHE i R SR AT Ol i
TR R R W VAR AP RE

2. SKEMBPETFE
2.1. SEHATR

iR (Cu), Friral, RiEEHREE AL RFARA R BIR((HN)LCS, Tu), -, EZHERLY
RAVEBR AT BRI (Cu(CH,CO0),-H0), 4rtfrall, HZG&ERML AR AR & DY LR 4
(C10H14N2Na,0g:2H,0, EDTA-2Na), Zr#frafl, EZ5E RS RAFIA R AR T F 3 (CisH1sCINSS, MB),
ortral, EAGERNARFERAT; MEKMH0,), ral, FEibFHlFa RAF

2.2. Cu,S MBI

SR Fr DI 2 ) LR/MRTF (1.7 em x 2.5 em) KT DA & Y. SRS ATICI D T AR 7 TBON 21 18R
HEBEFKIZARREL 1:2 BB R Vol il A IE0E 10 min, DIBR R A SR p, B 50
LB TRMTK QB e 3 G EART . TR G RO A B (A R g2 A2 23 0h, Bk
A, NS RITBONTC 1l 45 0 BT SR ARV R o BRI 2 mmol FIBRIR(Tu) % 4 47, 43735 EDTA-2Na A Bt e
€ LU (BRI S 2R 1 FroR )R G35 51 JR ¥R ARAE 40 mL 588 1K, SiERETE G W18 TV L
SRJE AT AL B AR — A2 N 50 mL ZRPUIGR L) AT 2, e AR T 120°C 2y
IS h, BURREA R, KIS i L8 TR ETTK RS 3, = ERTR
BV R 45 3 2 1 5 R 0 P )

2.3. REMFRAE

SEIGHFE SR F H AREE 2211 Miniflex 600 X-5 26 AT G AT AR RAE /00, KK N: B, #
JE43 8 15 mA. 40 KV; Cu ¥ Ka Bk AT 20 MPRIEE: 10°~70°; 33 . 10°/min. % Hitachi
S-4800 437 K S A4 LT SR AUEE X R il BEA T OV S0 R AT A RE T

2.4, FEEHRIR

BT A SO IR SR AR R, OB BRI R TE 12 mL FVE R T, BRI v E
KT (GhZH 200 W) HARDIRINR: Je/E 400 mL B5A 100 mL ) 10 mg/L ¥ B JE 85 VAW HOBER Ao
1mL H,0,, #AJFH 10 mL JIAJKE 5 x 5 mm Cu,S FEIAE B, #ifk Cu,S MR I I, BT ML
EERIT AT G A SEES, KT T B S S TR R PR A 10 em, FFJEKTIR,  BERE 20 min BURE—IK,
H b Z9E 0 UV-2550 B4 735 56 B v 0 F 26 1 V7R 400 nm~800 nm Yi [l P (AW 6 25, G e K
WK (Amax = 664 nm)AL IR Ay, ST S A VA VR IR RS — IR BE AR 26 7 R T RO FE Cy,
Z JE s A

D =(C, -C,)/C, x100% (1)

THR G REEER . Hr, Co R ERMAIIRIREL, CoRIGHEAIEAT R t I 2N IR FE

2.5. ERRFRE AR R

ARSER AR AMBIOS 23 7] ) XP-1 B4 & i (S v B ) R AL RE o AR i) TAR B A .
FRAR/IN B WA PREH YRR S R T 1 — BRI, PR M R AR T AR AL, AR S S Al K
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Table 1. Different experimental conditions
= 1. TEIHRINSI &G

%5 TR A BE R I (] i Tl 2 EDTA-2Na
1-1 120°C,5h 2 mmol 0 0

1-2 120°C,5h 2 mmol 0 2 mmol
1-3 120°C,5h 2 mmol 1 mmol 0

1-4 120°C,5h 2 mmol 1 mmol 2 mmol

¥ezly, T SR BT M B AR AR, B B IO S T AT G R AR B DB AR A B R A AR
o Jebthr BRI SAE LR R EAR L, RIS ERARE AD B 5 REf H R i 2 T RS AR AR AL
2o FRMHURE E A2 FH RSB ALKE il R 1 B A BN R AN U NER AT R, EEA

;%ijti‘zm*ﬂ*ﬁglqaz(|Zl|+|zz|+|23|+~~-|ZN|)/N (2)
(227 252 YT o

Horp Z NER B NI . TSR E R R S N 0.05 mm/s, FHEKE N 0.3 mm, T
TR ARE G RE S II1E 7109 0.2 mg, B 253Ny 6204,

3. &R 5vHE
3.1. X-B & 1751 53 (XRD)

ANE AT B 5 B i 1) XRD BRE 40 1 Fs, 5 Cu,S bRk JPCDS X} #E (JCPDS No. 33-0490)
Ja R, BES1-1, 1-2, 1-3, 1-4 7£20=23.8°, 24.7°, 27.2°, 30.2°, 32.8°, 33.6°, 35.4°, 36.2°, 37.3°,
38.6°, 40.8°, 45.9° 1 48.3° Kb HIATEFUEE 73 S BT HEHRA™ Cu,S 11(122), (212), (-104), (312), (240), (042),
(402), (412), (034), (422), (-316), (630), (106)fmMHi[11] [12] [13]. [FIR AT EAKIN, 7E 20 = 43.4°5 50.7°
Wb B R AT U6 S Cu IRARAERT ST — B, 1X2 BT 3R15 1 Cu,S YIRRTE Cu Jr RIEH. Britbz 4t
KRB IATAT 2 AN E AT 0, KRG BIRE Al FE A m AR R AE e IR B, FEdh 1-1 78 45.9° 401
ATV SR AR R R, IX PEHIRE S 1-1 2540 CupS F BT (630) dh T AR HL25 5t B v, 1K FE 5 A K B BRtR
n k. FIE I NBE R 5 EDTA-2Na [FE & 1-4 B RN EDTA-2Na [FE i 1-2 3} FUINBS B4R A i 1-3
FIATETIG B R, SRARSE SVERELF . RN\ EDTA-2Na [I45 & R 17 T RO B B 4 (R, 3 30 B
EDTA-2Na % Cu,S ¥ A KA — 58 BIE VR, 17 R 8 PRy o NG %) b FH BELAS 1 7K A R )
AT
3.2. BERRSAR EDTA-2Na SHHEG T3 5 RET NS R A0

2 09 1-1 A0 1-2 A b R A 0D B T 4 1 PR B TIE P o MU 2(a) PRl BU Y, AR 1T 8577 EDTA-2Na
SRR AR AT (AR L R 2R RS, B A RS BOR IR GE —, S5 540 XRD i, K
ATTRT LAHE DU R4S 5t 4 A K 3 B (630) St IHT AT [14]0 AL 1-1 A AR SHEE 1 pm %2 2 pm Z [ 421,
W 2 e, IS 2(0) il ARt vk B R BEZ108 3 ume AN EDTA-2Na Ji, 3RAF I BRE i
(hn P 2(c)) & m b ARURL S22 IR, HURSHAXS By — 2979 200 nm, S8R w8 70 FLIF - WA & 2(d)
HRT DA R A IR A K, AR P A RURLHE AR, O KK AR S AL, A CugS
WS Cu ZEJR IS G RES 50, A T B .

FUMANBEERAR 5, FRAF AR i (U0 P 3(a)) 2R I S AR SBORE 2 R BRCIR, UKL RT G2 — Kb —EZ0
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Figure 1. XRD patterns of different samples
B 1. TE#H M XRD i

Figure 2. FESEM images of different samples: (a) (c) surface morphology of
1-1 and1-2; (b) (d) cross section morphology of 1-1 and 1-2

2. NEHESE) SEM E: (a) (c)FE 1-1 #0 1-2 REMSH; (b) (AR
1-1 %0 1-2 B E R

150 nm, {HE R I ERIRBOR R AL ik, MR KR ML, MBI (o) rl LA, #E N
HRHAR, CupS IR 5 H AL It AN e 7y, XU IR IR B A I BT LAAT R IE Cu,S il AR BCIR S # 2E
Ko AT AR TR P R T AL R P2, SR T RN TR R 2 ALK T B AR Py B P 8 S, A B P 248 e LK
BIFLIR, X AMITEHISE, FTH S M7 EDTA-2Na X Hi e i 1K) 25 SE B AT 8 B2 TTik. eI R
I, CupS YT Cu YR B T /KIGLRE s Al S B v = A, 70 B 2 AT A S AR A P R i
AR AR 7 2 BEL RS AR IR (R i — P SR, R AR M (4 Cu, S IR M AN S], B 5
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Figure 3. FESEM images of different samples: (a) (c) surface morphology of
1-3 and1-4; (b) (d) cross section morphology of 1-3 and 1-4

3. TEIH M SEM B: (a) (c)Ff 1-3 1 1-4 REFIR; (b) (d)iEm
1-3 70 1-4 B EFR

LA R A BEEBEERIISI N, Cu S S IRIES A 3 EIRAZ KR, fESA R IIiEVEAI oL T
S RUA 3(a) ERTERIRL, IXMIES CupS T EES & 1B, [N 54 A SR A 255 1B e TR Ar
K CugS ZE 71K, Bt LA B IR B LI BL R BURUIRFS5K . 2\ EDTA-2Na 54
PR IS SRAG ) T R TR RO /AR S FLp A 38 2], ORI F42 2078 100 nme FUBTREZ AR LR, i
3(Q)FR. I B S 7 HE R4S & BN EUE (4 3(d)FR).

3.3. BRERSAFN EDTA-2Na X # MR EEREE RS0

4 NPT RERE S IR R TR B2 i 28, X M1 Ra (raw) il Rq (raw) B Wi 2 fios. W LLEH, 1-1
9o 6% T (COHELRE 12 %K, Ra (raw) = 3075.8 nm, Rq (raw) = 5012.3 nm; 1T 1-2 MR A #0FLIF, M
T 5 S50 S LA 3 9.4R K Ra (raw) = 512.8 nm, Rq (raw) = 701.6 nm; 1-3 715 2 i Bl ks [ 28 76—k,
TR A KR AFLIA, DR R R EDHDRE 2 KT 1-2 3%, Ra (raw) = 712.5 nm, Rq (raw) = 909.8 nm.
XFT 1-4 B, R IR /N JE A AR SE B A8 5], DRIHRE FEAR X /N, Ra (raw) = 413.2 nm,
Rq (raw) = 525.7 nm.

3.4. BEmAIEELERE

5(a) N AE B AR KT N SR A (SR oo 0 FF R S VA D AL B it 22 . I T DA, FE L
1-2 o 70 FR S W B AP I AR, R 1-3 AN 1-4 BONAAML, 1-1 MIRRAR B . BRI RR
i 5(b) s, BT HIA 73.3%, 92.8%, 80.4%FH1 79.4%. FJLAE HY, FE&h 1-1 MIREMBACERAL, X2
TR AWK A K FEOELE S BE, &S5BS RIS BHINE RS 5
EDTA-2Na FIESERAE [F B DA 1-3 F1 1-4 F£ 53915 2] 7RG MERIRES, 11 A I EDTA-2Na 3431
FESL 1-2 ARIES, X AT R e FO B AR e = R SR IR o A 5 5 T SRR, 1-2 855 3% T ks 2 124 150
nm, FUkI KNG —, HAGUKRMRHG/NRSERON, BT 9K BRI R SR, T LURIE B 56 5 v v e
Feor A, BRI A LSO TR, A RO R T O bR . HTRERINLEE N HUARER
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Figure 4. Surface roughness of different samples
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Figure 5. (a) Photocatalytic degradation curves, and (b) efficiency of different samples
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Table 2. Surface roughness of different samples

2. TR BEREAERERE

Sample 1-1 1-2 1-3 1-4
Ra (raw) 3075.8 nm 512.8 nm 712.5nm 413.2 nm
Rq (raw) 5012.3 nm 701.6 nm 909.8 nm 525.7 nm

DR AR T B T2 3K, AR GBS 7 3 1 (- O )R EE E i1 (- OHT), BN [FIRE R A s i AU AL g
71, AT LA RO A PR AR TR R . R, NI Ho0, W] LA R i+ - XM= A, AR
RFE 15 1 A IV e A o P S B A 1 [15] [16]

BEAL, SR P X I AT D' A S I A7 80RE G 1 R AR i A e R v [ 4 B T A e R 45 2k
FAEAGTB BRI I o me, FE S F ROk AR AL SN IS . 55 T Rl fSc A 3 A — IR A

4, 4Eig

1) BERRAR AT LA 2B 1 Cu,S dbiAM BIR A K, BRI R IR B, H RIS R A 2 B v
FEAA R PN B A 25 S, e S P T LR B R R L5

2) WHWRH 5 RIS 75 EDTA-2Na fFE [/ I AE — e 2R b nT DAFR i S A 0 B — P, AT B e i
B 1

3) HA EDTA-2Na i 3R15 A S T FF 3L 0 A e (AL B A o B i, HL BRI R GRS 1K 3] 92.8%

B oW
N5 5 B 56 42(1202016C) VLI I 345 2 ok ddt ¥ TR B8 By 0 H X AR SC R B2 o
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