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1.1 SEIGJE#}

P PR R R A A7 BN B 45K TiO, ,
P25, fEFEfE[FE TS A ERFR VU ZR (tetracycline —HCL) |
HBIE AW W R 2% thER ( PBS) ¥ i, Biosharp /23 7l ;
J1E & H A(Con A), Sigma 2~ H; & /K & B
(C,H O) FIL [ (CsHy 0,) ¥R 2 M4, v 4 4k
SR,
1.2 45k TiO, @ B2 BRIk RI &

4k TiOo, @ BERERRER 4 L B R 0K 1 g
YK Ti0, JC/K QRGBT A 2. 5% 15—
B WA BRI TiO, , B0 B JE A 1 /L /Y
JIGAE A PBS ZZnfifirh 75 25 °C TOR¥F 6 h J515
FITIEHE A A BIYK Tio, (TiO, —Con A) ; 7
15 mL () PBS WA 1 g & 16 Mk T B £, IR 7
37 CAKHPIEAL 2 hy B TiO, —-Con A A E] 15 mL
TG ALIERE PBS 22 o i b, 75 37 CoK i i R Ff
12 h A5 2] TiO, @ BERERE & 250 1E VRIS T 50 °C
HPET IR R SARS T 500 °C MBS 2 h, B A5 3 44 %
TiO, @ [EEERR AR T, Y o

W SZI0H 2 1 — R I YK Tio, @ BBk AL
FARIEN T,Y, , Horf o A1 b R il £ R AR 48
K TiO, (T) S5EERE(Y) BAHRT B, an T, Y, 2m i
a1 108 Tio, 5 EERE il 4 B 40K Tio, @ %
BERRER =10
1.3 FRIEFHZE

K S-4800 AU H HL ¥ 458 ( H A Hitachi
ONED) FRAEFESE S FRIE . SR 5¢ D8 Discover
X-SFERATFAL(XRD, 78 E i 5 50 AXS A H] ) RAFAE
b AR SERE . SR NEXUS 670 {8 HLIH- 21 A8 63543
( Thermo Fisher Scientific ) X} A FIEREFE i BR 21758
E, ML 4 000 ~400 em ™'
1.4 SfEd s

W — 2 m AL I A S 50 mL Eh R PUIA 2

TR S R BERE 30 min JEFTIT 250 W RAT , BERR
10 min BUEEES 0>, 7E 357 nm b E & W WO,
FIHER IR DU A = AndE M et R vk s, (1)
THEER R VU 3R 2R AL R A

D:(l-;io)xm% (1)

o, D R R DUIR 2R L AE AL AR R p AR R 1Y
INREW BRI B W, o/ L py AR TR DU A K
WIRIUG R B e/ L,
1.5 WRPH -t fe ik i E SR 3R 58

1E 25 °C N 50 mg (40K TiO, @ i HE ik BR
7E 50 mL JEHE R A 50 me/ L AR R DU IR R P
(TR B 22 B e A FIDGAEAL 2Bk % R THIF RIS
50 mg 44K Ti0, @ FERERRER H f1 254 Tio, A 2440
K TiO, , W5 FoXF 50 mL i ik 8 50 mg/L 1R
R PUPR R DAL SR 2 Ry, o MR (2) 3
B TiO, @ TR REGRBR T R 182 DU 35 2 (1% W B - e AL B
FIK B

R
B A +Ry,,

1.6 MR EALSER

*H Design Expert A %) Box — Behnken De-
sign ( BBD) X Al 52 56 0 A Wi 17 T 925 1 1, S50
H PR R G AP AR 1

e SR SNy S R

(2)

Table 1  Experimental range and level of variables
i 4 TR
-1 0 1
pH A 3 5 7
REALH /15 Ry I LA B 0.4 0.8 1.2
i/ C C 30 40 50

2 4RGt
2.1 BEEEHRE. 4% TiO, 4K TiO, @ B FHikEk
HI T 55

FEREARE 402K TiO, FI4NK TiO, @ BERERR BRI
SEM i 1 Jrzn . 256 17 FH i e Rk 40 i (&1 1
(a)) EMEERDE , LB ACH, RFZ 0 4.3 wm x
3.6 um, & 1(b) FHGK TiO, £ERIE B RSF2Y
H25nm, Kl 1(e) ~ (f) A G T a3 30 m
g2k Ti0, @ BERERRER , 7] DL & BN K TiO, 2 78 1§%
BRI 280 iR B RS  FE i AT M LR T
R AN RO RERIE BEATE SR, Hor B R 4F
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TEANTR] 61 3 it S A T AR B A RR R (I 1 () ~
(£)) H, 40K TiO, P55 b 3t 67 28 7 Ak Bk e 1
Hop ZERRR N 1:2(T, Y, I 1(c)) M1 1(T,Y,,
B 1(d)) BIRESh 40K Tio, FERERERRER % M4 2]
ST, A 43 T B R R TR R 5 {0 A T LG R
L5 1(T,5Y, B 1(e))FI2: 1(T,Y,, B 1(f)) ke
f R REEGNK TiO, BT 7 5 7E B BEORBR R 1, B
BT BCHE AR AR TiO, fE R, BEE 95K Tio,
R (R R T R ok A A 2 8 1) T PO AL Bl >

K TiO, @ FEhERR BRAY ST A BT oK, 0L 2 18T A9

5 um

FEURE A Bt AF N 35 0
2.2 AERBETHERMNRELEN

AN AR T RE Y XS 260 AR AT 5 45 3
B2, AT RE S TR B T P25 TiO, FR X Y B
ARV 441 A R Tio, MIRRIENE, K& Tio, ik
RN T, Y, ZT,Y,) ,FEMTE 20 =25. 4°4b 1y
BUERH™ TiO, FRAF IR B S I W K dh, x5
SEM P8¢ 2 () i JE SRR E — B0, R A9 A A
BTy ] LASE IR AN K TiO, KL 78 Bk ik R 25 1m0 Y
HE S AT i

Q
200 nm 3 um
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Bl AR SEM [ J
Fig.1 SEM images of samples
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Fig.2 XRD patterns of nano-TiO, @ yeast carbon samples
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R T 2362 em ™ Fl 3749 em ™' W AL W i U A | L
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Fig.3 FT-IR spectra of yeast and yeast carbon microspheres
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Fig.4 Photocatalytic degradation of nano-TiO,@ yeast carbon
samples with different loading of TC

T8 3 XA A S 56 R BE AT SOV B ) S U
(K 5) TR FE O R Y In(py/p) 5 I
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HE(k, =0.2949) R FE LA 10 16, TiO, @ [
BERRER A G TS M
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Fig.5 Kinetic fitting of photocatalytic degradation of

&5

samples with different loading of TC

2 ORIE AR RO R T E S
Table 2 Dynamic parameters of photocatalytic degradation of
nano-Ti0, @ yeast carbon samples with different loading
i TSN E 2 ERIAR AR ky
T,Y, In(py/p) =0.0208 +0.2816¢ 0.9916  0.2816
T, Y, In(py/p) =0.0233 +0.2949:  0.9752 0.2949
T,Y,s In(py/p) =0.0128 +0.24531 0.5661  0.2453
T,Y, In(py/p) =0.0129 +0. 1358 0.9415  0.1358

R B e 3R 2 1Y AT 60 4R T AR B I 44K Tio, @
T B 3K ARG 4G 2R B 32 2 P 1 W B T A P )
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07F ) o
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Fig.6 TC removal efficiency of samples and
synergistic cofactors
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A B RN T S T, Y, TR TiOo, S
LK TiO, BRh X ER R DU A R T & nl WG LR,
IS BRRAUH 26% , FET LA L5245, vl L
I AR 5 52 G OB RI M/ R BLE R .
98, 9K Ti0, @ BERERRER A 40K TiO, FiEEEikek
AT XI5 Yy o3 52 PR RN o 4l AR ) A A
SEBAN K TIO, fERERE R M A R T T
TiO, Wt RE , B R A2k 2% fi—COOH ‘H R ]
{14 A7 T SR EL A B R 55 b 2 T B2 i 5 #E Ak
BBt , 942K TiO, 38 Gk i 2% 1 A Ak T R g el
FEA & AL IT5 Y K PR I R e/ 5 Dl i Akt
T 2 B AR A FH SRR A B A LS &
SEHLT R RN R AN K, R T TN
K Ti0, @ FERERRERXTER R DU PR 25 1 BRI R

T PR K TiO, @ BERE R ER A4 10 B — e Ak
PEIRONE, ST AR E I B, R4l (2) 35, 4
B =1, VLK Tio, 5 W EERRER X £5 2 10 A 2 1 &
BRI FOR Ak 5 W B4 FH A fRT B8 in s 5 B >
1, B P B B IRIE T 4 g1, Ul B B[R]/
B, TSI B, R T B #E 1Tt
B 6) , ] HFE SN NIFFAG Y 20 min P, 7K R D3]
BRIk 3.7 Db s, 52 G AR 3 4 T B A 1k
FANZRIAK Ti0, 2B H A 5 A% I8 B R A Ak
PERE, IT WE IR R R AR e s s e AL
HHATZ 20 ~40 min I, 442K TiO, @ [ BRRRBR 1) W
BT RE , RIRHK Tio, MOt R di h
FFa (HE AR TIO, @ BE R BRI SR AR R B TR Y
Rfrd R, I P R REGE A2 2 3.0 24, Ui
TS [R] 1 = 5 A =2 T R 6 — S e Ak B [ 280 0 A o b
LYK TiO, @ FEERS: ek o 0 I B i 1R 11 W 4
PEBE M BER LS i e fE AL R PRt T TS
L Wy W 4 R0 R0 AL BT 2% 4 5 TR D64 A6 B B R
(40 ~70 min) , Bl A Z 5 Yk 1 1Y) i) T R
YK TiO, @ B REfRER 1) E A AL RCR 8 28 BRAIK, LR
AR ZRBRI A 2.1, m Ll A, 48k
TiO, @ P REfe Bk 0T 5 R DU PR 2 03 1 i O G i AL
R AU Gk Ti0, 5B RERIR & [ X $h R
DU R 2R (10 22 B 1 SR AR N A 45 51, 7R3 Al fbad
R & A bR A7 A R W B — S A Ak P TR
BN
2.6 MR EAL

T R RS B T OB e R ZE pH
WA /5 e B LU AR R S AR AR L AR

i me 07 TR H Y BBD B3O R MR 3 JF RS
BB AT, 00 5E AR B CHEAR R R BT i — Ik
Z I AR (3K (3) ) PV A 3 RN 45 R 3R 22 (1]
MRER,

Y= —235.92 +27.834 + 127.95B +9.58C -
5.25AB + 0.02AC - 5. 11BC - 1.97A° - 64.42B> -
0.12¢* (3)
o Y ALK A Sl pH, B AR /75 e
VIR EELUAE , C iR

5 FH 5 225381 ( ANOVA ) X Wi )07 TRI AR 00 A4 I 3
P TR R R4 MR BB EERF

®3 SRSERDCHECREmR R
Table 3  Experimental parameters and photocatalytic

degradation efficiencies

T A B [ R/ %
1 3 0.4 40 57.5
2 7 0.4 40 82.3
3 3 1.2 40 65.8
4 7 1.2 40 73.8
5 3 0.8 30 57.3
6 7 0.8 30 78.2
7 3 0.8 50 57.1
8 7 0.8 50 79.7
9 5 0.4 30 66.7
10 5 1.2 30 64.6
11 5 0.4 50 66.7
12 5 1.2 50 64. 6
13 5 0.8 40 88.0
14 5 0.8 40 88. 1
15 5 0.8 40 87.8
16 5 0.8 40 88.2
17 5 0.8 40 88. 1

4w NIRRT 2250 A
Table 4 ANOVA of model designed by RSM

FERE FHM  ARE ¥ F{& P

R 2283.28 9 252.75 106.49  <0.0001
A 727.71 1 727.71  306.60  <0.0001
B 2.42 1 2.42 1.02 0.3462
C 0.21 1 0.21 0.089  0.7741
AB 70. 56 1 70.56  29.73  0.0010
AC 0.72 1 0.72 0. 30 0.5983
BC 0. 000 1 0.000  0.000  1.0000
A2 263. 61 1 261.62  111.22  <0.0001
B2 449.95 1 447.35 188.48  <0.0001
c? 617.74 1 617.74  258.98  <0.0001
Gk 16. 52 7 2.37
KW 16.52 3 5.51
HriRzE  0.000 4 0. 000

BB % 2291.330 16
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Fig.7 3D surface figures showing the interaction effect of two factors

) e e “
gffﬁ/ '8&6§vm00 so0 700 45,5
e Vs 040300 4 Uy 35 —.
Jtzég{zi ph 47730040 06
(a) fEALFAS Je vk A2 LU AT pH
3 £

(1) 42K Ti0, @ FERFRRER 4 Ak B fige 5 192 D 21
Z AL £k 40. 2 °C, pH 5. 89, fEALFI)/
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Adsorption —photocatalysis coupling effect with a nano-TiO, @ yeast

carbon composite photocatalyst in the degradation of tetracycline

hydrochloride and response surface optimization

ZHA RouYan
GUO ZiYi

LIU Ming ZHANG Li

SUN XiaoBo
QIN Tong YANG Li~

ZHOU Hui YANG YuSen

(Key Laboratory of Subsurface Hydrology and Ecology in Arid Areas, School of Water and Environment, Chang’ an University, Xi’ an 710054, China)

Abstract: A nano-TiO, @ yeast carbon composite photocatalyst has been prepared by a biological self-assembly

strategy. The composition and structure of product were characterized by SEM and XRD. Using tetracycline hydro-

chloride as the target pollutant, we analyzed the effect of varying the loading of nano-TiO, particles on the photocat-

alytic efficiency of composite samples and evaluated the functional coupling effect between the nano-TiO, particles

and the yeast carbon carriers. The results showed that the nano-TiO, @ yeast carbon composite exhibited high photo-

catalytic efficiency in the degradation of tetracycline hydrochloride. A mass ratio of TiO, and yeast of 1: 1 was found

to be the optimal loading of TiO, in the composite. The excellent photocatalytic properties can be attributed to the

efficient functional coupling between the adsorption and photocatalysis processes. The optimum photocatalytic con-

ditions determined using response surface methodology, were found to be a catalyst temperature of 40. 2 °C , pH of

5.89, and a catalyst/pollutant concentration ratio of 0. 76, under these conditions the tetracycline hydrochloride

degradation ratio reached 90. 86% .

Key words: nano-TiO,; yeast carbon spheres; adsorption-photocatalysis coupling; tetracycline hydrochloride;

response surface optimization



