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Abstract: Pt-loaded TiO, photocatalytic catalyst (Pt@TiO,) was obtained via photodeposition of Pt on TiO,
nanoparticles, which were prepared from titanium-coagulated algae-rich sludge by one-step calcination
method, and characterized by XRD, SEM, TEM, EDS and BET. The photocatalytic performance of
Pt@TiO, with different Pt loading amouts (based on the mass of TiO, nanoparticles, the same below) on
4-chloropol (4-CP) degradation was analyzed through PL spectrum and UV-Vis DRS spectrum. The effects
of Pt@TiO, dosage (that is, the added mass of 4-CP solution in a certain volume, the same below), 4-CP
mass concentration, solution pH and humic acid mass concentration on the degradation rate of 4-CP were
evaluated, followed by assessment on the cyclic stability of the optimal catalyst. The results indicated that
0.3% Pt@TiO, with 0.3% Pt loading amount exhibited the best photocatalytic activity for the degradation of
4-CP, which had a nanospheroidal (mesoporous) structure with an average pore size of about 10 nm and
lattice spacing of 0.350 nm. Under the conditions of 4-CP initial mass concentration 20 mg/L, 0.3%
Pt@TiO, dosage 0.5 g/L and pH 7, 4-CP could be completely degraded within 60 min. The active species of
Pt@TiO, photocatalytic degradation on 4-CP were hydroxyl radical and superoxide radical, and 92.5% of
4-CP could still be degraded by 0.3% Pt@TiO, after 5 times of recycling.
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BTRL T AL RHE B A BR A T SR (o)
=96% ). JTLAKHEE (FiE480=99.7% ). SR
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HORIBA #:[#l; Lambda 750S %48 5h-n] L-8 7
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ELORECH 70 . BCHT T R e T B g kK,
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SO ) I3 RN T REAEAE B BEDS B AR K X O i PR
INAGE G B K R, B A A R R 1x10° AN/
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BRETR BRI AR BLEE Sy 1.5 MRG L
B (PTC), HIRH&SRRUNT . FEHHE KoK 5
R, B TiCl, B A B R 288K (4 °C) o,
T B AT SR A3 B0R 20%0Y TiCly I8 - 16 1 1 i P
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PEPEE U, g, 55 Ti EHERESIR, BHET
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SRIGRHR A E B DR BOITE Y, FJGK C &
BEFKEDE 6 WL B ek I UL E Y T 80 °C
PEF T 12 h, A5 Pt B TiO, 44K BURL
( Pt@TiO, ).t Pt Jii 5 0050 510 0.1%.0.3%.0.5%
A 1.0%H1 41 Pt@TiO,, #rich 0.1% Pt@TiO, .
0.3% Pt@TiO,. 0.5% Pt@TiO,. 1.0% Pt@TiO,.
1.3 RAEFMK
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FF (UV-Vis DRS) Jti%, ZHrke i i 064 L +-250¢
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AKX DMPO b F 43557
1.4 Pt@TiO, By /K M7 SL36
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JCHEALTFN 4-CP WL BN - WA, s iy i i e Ak
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— K& ST 365 nm ) TEHE B A HPEAR 17 em AL BE 5T,
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IE T 0.45 pm PR I E R (4, ). I
A (1) T 4-CP BHEIL R (R, %) P
RI%=(1-4,/4)*100=(1-p,/p)*100 (1)
R A, Ay 43K 4-CP RN ¢ IS WG
FERATUE WAL 5 pon po 5393l oA 4-CP )V ¢ (' min )
AF i ) JO VAR B R G o R VAR, mg/L
Xt 4-CP [ttt sh 1A, SRAAR(2)
TR R EL (b, min '),
In(p/po)=—kops t (2)
Pk 0.3% Pt@TiO, ACFRICHEA , B9 AL
FHE (5905 0.2, 0.5, 1.0, 2.0 g/L, DL 4-CPiEH
FIARRT, T ). 4-CP #ItR BRI (5. 10, 20,
30. 50 mg/L), WL pH (5. 7. 9) FUEHMR
(HA) JREWIE (0. 5. 10, 20 mg/L) X} Pt@TiO,
S TERE R SE IR . R B R L HMUAE — N
Mo 40 (A SEE SR AR . fEfLRI & 0.5 g/L,
4-CP WG BT W B2 20 mg/L, WRPI4G pH=7, J&
FETR TRV B K 0 mg/L), T8 in AGE 2 Al vk
0.1 mol/L £hFR DY NaOH ¥ H 17 iAW pH, FTf 5L
¥ E T 3 IR, BRHUA AT E,
Pt@TiO, MG LR PR R e M 525 . K 200 mg

£ 0.3% Pt@TiO, 73 F 5] 400 mL Jifi 2 ¢ B 9 20 mg/L
() 4-CP W (pH=7) h, HEAP LML, L5
ZEHUE, BRI BIFRE O, KUY JGK
BB KBRS 6 LA L, IR 2458 B 5 e
Yo B ENUTTERE 80 CHERTH T8 12 h, WdEdtf
PR TR SC s o LRI HEAT 5 IRIG A FHSC 5

2 #HR5WR

21 PTCEEMERERETREKER

PTC AU S BOKAE, ZEBOE"A 30 mg(Ti)L
(BRI E BEAOUSKAE T, SN A DL 2Bk %455
AT K 95.0%F01 60.0%L) |, Bl PTC ZLEERENE P
7K AN R DL ) SO AR AR 45 . PTC 2245
HRAWE . TG, OFE 2 FOR K42 [F 7
200~500 pm, U7 H 2N 142.8 mg/L (FLAUL 7 e
K)o RH—LIBFIEAR R TiO, GRSk, Hy= it
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59 NE 16 T LLE AN [R] P 53 380 Pt@Tio,
Y 0 T B A iR i 2R T H, ALIR W PR A IV 2
Lk, R PL@TIO, y= i il 2 A FLA L MBI
R IR Z A AE T R i R %, 1] Pt@Tio,
77 it AL BE R AR A A AN 2] B 1e AT
Pt@TiO, FIfLIZZN 10 nm, A[F Pt i /r5my
Pt@TiO, FLA= K/ MR AR

A B -8 Y A RO JR RE T AR A P RE
BB HR, AE st PL OGS RIPAETY, PL G
o, SRR TE AR, SLEE
AR, & 1d R Tio, fil Pt@TiO, i PL %, H
1d \TUEL, 5 TiO,. 0.1% Pt@TiO,. 0.5%
Pt@TiO, Ml 1.0% Pt@TiO, Lk, 0.3% Pt@TiO, 9
PL JGIE(E SR EE i, Ui 0.3% Pt@TiO, YeA:HL
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Fig. 1 XRD patterns (a), N, adsorption-desorption isotherms

(b), pore-size distribution (c) of Pt@TiO,; PL (d),
UV-Vis DRS (e) spectra and band gap energy
diagram (f) of TiO, and Pt@TiO,

&2 2 0.3% P@TiO, JEA FRAE LS 5 A EDS 15 14]
M 2 AT LI H,0.3% Pt@TiO, MK ERIE( Kl 2a),
4 )8 Pt N ETE TiO, | (& 2b ). 0.3% Pt@TiO,
LA I 0 A 2580, AR IR R d = 0.350 nm ( 4]
2¢), SEERT I TIO, BI(101) & AR 2T, 0.3%
Pt@TiO, £ FI¥5 M504 C. O, Pt, Ti L&, i
— ISR R Pt UARTE TiO, 4Kk |
23 Pt@QTIO ZEM 5 FLZEFE S

& 3 4 0.3% Pt@TiO, i XPS Fl1 ESR i 4 .

ME 3a () XPS 2iE AT I, 0.3% Pt@TiO,
Hi&A C. O, Ti. PtoE, X7E TEM Ml EDS (& 2)
(AN b i — 2L B B 4 T Pt 73k TiO,. A
Kl 3b 1 C 1s mar PGB LA, C Is A 34
Fs, 43N C—C/C=C % (284.9 ¢V ). C—O

(286.4eV), C—O—Ti(288.8 eV ); MK 3¢ O 1s

FT R LUE H, FEZS AR 529.8. 531.2 Al

532.3 eV AbIESY HHJE T Ti—O . O—H FIA =i,

ES NI I TR Pt@Tio, MG EIbE 12,

ML 3d B Ti 2p mrar BRI IEI AT LA, FE4S &g

458.6 1 464.4 eV 453514 Ti 2ps, F1 Ti 2py IS

FRFg, S8IERE A TiO, 454 Re s B AN P, 7

W2 ]9 24RE M 5.8 eV, Ui Tit" b T4 HUIRZS ;

MKl 3e 1) Pt4f = BB R TLIE L, 45518 745,

70.8 eV AMFAFIES I PEHORT Pt BRI, UL AT

Ha0 0 PE RN BT Pt 4 K R
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o FHRIEU%
C 10.86
Ti (0) 39.90
Ti 47.39
Pt 1.85
o CAuCu Ptl Pt
5 10

iR /keV

K2 03%Pt@TiO, 1 SEM & (a), TEM & (b), HRTEM [& (c). EDS JLE4 4 (d)
Fig. 2 SEM (a), TEM (b) and HRTEM (c) images, as well as EDS element distribution (d) of 0.3% Pt@TiO,

a o\ﬁ b 284.9 eV Cls c

286.4 ¢V
288.86V ,,1

0 200 400 600 800 1000 202 290 288 286 284 282 536 534 552 530 528
Ziatelev G fb/eV Hiafelev
d 458.6ev' Ti2p e 74.5¢€V 4 70.8eV, Pt4f f DMPO-+0;

MW
TRIEERI

464.4 6V
DMPO--OH
F e | | | i
e eeennnl L oo i RIEIGE

468 466 464 462 460 458 456 80 78 76 74 72 70 68 3460 3480 3500 3520 3540 3560
e i SRRV WTREEIG
KLL 1 LLM % i
K3 0.3%Pt@TiO, 1) XPS 43% (a), Cls (b). Ols (c). Ti2p (d) A Pt4f (e) HY XPS =5 HEREE A ESR % ()
Fig. 3 XPS survey spectrum (a) and high resolution spectra of C 1s (b), O 1s (¢), Ti 2p (d), Pt 4f (e) of 0.3% Pt@TiO, and
ESR spectra (f)

— — -

M 3f A LIFEH, @it ESR, L DMPO Ml A E BRI 2, T R = i DB TS «OH
5, K E] 0.3% Pt@Tio, 78 T)‘M%%_EEPFEET FIAFAEBLIA 0.3% Pt@TiO, A= 25 /X B A s
HBEHME («07) FMEBEFEAMIE («OH), BER 24 PtQTIO X FHES
BT, BRI, AR 5 min )5, 4-CP & — B FH 32 (B 3k DL R it 04 15 A
B DMPO-+O il 5471 Y 75 I F1 DMPO-<OH il A%, BTG 5, FLAFAE 3% KA A A5 A48 TN R e e 1
PIRY 12220 1 PUEME, <O e e b misyedy e E™, MR, e b nT LA 5ot 2%
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VALK 4-CP 5 I figp aod A rp 52 b= m] UL RSO 3% B IS
[ ) 22 A AR B

—o—0.3% Pt
40 v 0.1% Pt@TiO,
—o—0.3% Pt@TiO,
|—0.5% Pt@TiO,
——1.0% Pt@TiO, i\

| a s, 3
Or  Ehabd | gesbEsy .

30 0 30 60 90

(pdpo)/%

0.08 Ff 18] /min
b 0.0725
006}
=
g
E 0.04
0.0275
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0.02 +
0.0092 H 0.0119
L L] ™
<& @3}'9” @QW @}-9” @,}'9”
NASIE G Sl
A

200 250 300 350 400
F/nm

E 4 Pt@TiO, XF 4-CP G b MERE (a) FIGRE R
W (b) M 4-CP i1 UV-Vis RIOEHE (¢)
Fig. 4 Photocatalytic properties of Pt@TiO, for 4-CP (a)
and photodegradation rate constant (b) and UV-Vis
absorption spectra of 4-CP (c)

MIE 4 7] LIEH, Pt@TiO, 7£ 30 min K5ALFE T
Xt 4-CP B9 FfHEASHE L 10%, 0.3% Pt@TiO, f#f#
4-CP IR fedy, X 5ULHTAY PL. UV-Vis DRS %
B 450 R —E, 0.3% Pt@TiO, £ 60 min X} 4-CP
HIREAR 2R 100%, 500 TR Tio, k7] ) 1
% 0.3% Pt (IR TiO, #E4L 7 P25 1 0.3% Pt@P25 )
1) W A 25 SR 8] 4 ). 0.3% Pt@TiO, Yo AL A 4-CP
[ kops=0.0725 min' ( [€] 4b), =T HAh 3 Ff Pt@TiO,,
J& TiO; (ko,s=0.0092 min') Ay 7.88 ff5, M 4-CP %
TR 5 gt e P OB R ] A9 AR 1 (& 4c) T LA

Fi, TE 0.3% P@TiO, FFEERT, 4-CP f KW
Wl (224 nm ) 5 'Y BR B[] ) 2B K T 28 /)
F W] 4-CP TE3B W% . 60 min J5, 4-CP AW W I
W, W 4-CP Pl oe 2% .

K5 4 0.3% Pt@TiO, Yol fbFefit 4-CP (A
RLREER

a . ——02¢g/L
100 |
80 |
N
=60}
3
S0t
20+
0 -
[} 8] /min
b . —9—5mg/L
100+ : ——10 mg/L
i ——20 mg/L
80} ! -'\ —o—30 mg/L
8 | ——50 mg/L
29 e
3 :
40+ !

3 N

of _ mestam 2
=30 0 30 60 90
fivf[E] /min
d —o— 0mg/L
100} —o—5mg/L
—o— 10 mg/L
80 ——20 mg/L
X 2
= 60
<
S 40t
20t %‘\
\\
of _mutm | sshimst 1
=30 0 30 60 90
fiif[E]/min

K5 0.3% P@TiO, & (a), 4-CP FEVKE (b). WK

pH (c) Fl HA BTtk (d) X 4-CP B3R ny 52
Effects of 0.3%Pt@TiO, dosage (a), 4-CP mass
concentrations (b), solution pH (c), and HA mass
concentration (d) on degradation rate of 4-CP

Fig. 5
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SEBR K A BN F R SR AR R AN A 2P
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