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Abstract

This article investigates the influencing factors and optimal treatment process conditions of photo-
catalytic treatment of organic wastewater using floating ceramic particles loaded with titanium ox-
ide samples. The results showed that when titanium oxide was calcined at 600°C, the loading
amount of titanium oxide in 100 mL of wastewater was 870 mg/100 g of ceramic particles, pH = 4.
After 30 minutes of dark reaction and 1.5 hours of photocatalysis under a 15 W UV lamp, the re-
moval rate of nitrophenol wastewater with a concentration of 15 mg/L reached 74%. On the basis
of the optimal treatment process, the reaction Kinetics of the secondary loading of recycled ceramic
particles were studied. The experimental results showed that titanium dioxide photocatalytic treat-
ment still had a certain degradation effect on nitrophenol. The samples under the optimal pro-
cessing conditions were characterized by X-ray diffraction (XRD) and scanning electron microscope
(SEM). It was found that the amount of titanium oxide loaded onto porous ceramsite by sol-gel
method was increased, and it was not easy to fall off. In the process of organic wastewater treatment,
ceramic particles can be recycled and reused, and can achieve a certain degradation rate, which is
both environmentally friendly and efficient. It has new guiding and practical significance for the
treatment of organic wastewater, and provides reference for the subsequent research of floating
ceramic particles in wastewater treatment.
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T, TR, VR, A MEREIFSEE 200 . IR T, AT BTV MR T R Dk K i A EE
R, 7 Harn e ST R, g2k Tio, 7E KGR IR BT T B G R sm &AL EE 71, IR R Btk
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2. SEI§

2.1. TWER, HRETENERLIESE

SEEG BT R B R B, W SE LU SRR TR A ], HERUE R 293 kg/m? IR 1.15
Mpa, 1h /K% 15.2%, B 5% 0.83, FITRii2 R %L 1.5, P25 2wl HAMEO G 250 W%k 1,
F B KA WA 26

Table 1. Experimental reagents

£ W o)

Eal ey i 153 E2l;-3 AR ik
EKFRIE TR C16H3604Ti C.P. W AR R M = 340.36
PIRTEE=S L] C6HsNOs AR. R R AL T M=139.11

PIEWIN H20: CPp P BEAG TG IR A M =34.01
EETIK H20 AR. S il % M=18
ToK 1 CH3;COOH C.P. AT M = 60.05

N7 HCI AR. FigEZ &M M = 98.08
A5 NaOH AR. i EZ &R M =40

KR 60.05 AR. FEETTAE DAL 2R T 3 A PR =] M = 364.45

Table 2. Experimental equipment and instruments

2. IRNHFRRE

e TN AR A HFETRK
¥ RT FA1004B IR R AR A IR A R
VAN R AN Ek e =4 CJ1-931 VL IR 4 dn T A g SR B B T
LA IR N AR B 38 DF-101S W T E R A
¥ WAS-12-13 D NITECE VS Al
AT UVC-15W HREETURB SRR AR
W S aG = R Al KA Exceed-cd-08 R I T R R R A IR A A
HL A XA BGZ-72 i RS A BR A
AL m 751 HMTHENEEARA A
AT WA e BT 5100B i TS A B A
X H R 43T (XRD) DX-2700B FHRI7 X 5 B 7]
I BT B 8% SEM KYKY-EM3900M MRS RS PR A

BT 2 2 A SRS R A A A SO IR T B A AR . 250 mL FEARCGE T). 100 mL HEFFCET). 200
mL G CET) BEEEFE. 100 mL £/ ) WWER. 500 mL F &= Biike. pH iAKW 18%
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BFCET). B Eme MES.
22. HIRITE

1) TiO, il &

a) fEEE N 10 mL KFRIE T e, SO 35mL WITE/K OB, FRL W EE288EE 10 min, REWSE
1325 BH () 35 € VA TR A

b) B 4 mL VKZRAT 10 mL 208K IN2) 5 35 mL To/K CEEFRRIZIGERE, 520 B, Wintheg, f#

pH=4,
o) TEEIRAKIBRT, TERIZIHE FRIEHR A IR B H . $iFE 20 min, FH##E 30 min 13 2] TiO, 7
AN IR A A 2 S R T RE T
S ISR Ti(OH), + 4H,0—Ti(OH), + 4ROH (1)
BA RPN Ti(OH)4 + Ti(OR)4—2TiO, + 4ROH Q)
Ti(OH), + Ti(OH)4—2TiO, + 4H,0 3)
X RIR S, R A R R R I T e
ST R Ti(OC4Hy)4 + 4H,0—Ti(OH)4 + 4HOC,sHy )
Ti(OH)4 + Ti(OC4Hy)s—2TiO, + 4CsHyOH (5)
Ti(OH)4—TiO; + 2H,0 (6)

2) Z LR RL 3 TiO, K %

FREL 100 g B FRL, NERIAR T, IIAGE R ZEIRK, A 100 mL #8R, R =Pk i fLER
FIZ, 100CHT, FIBAN D B REE] 600°C IR 2 ho K — & BB IF B RIAR BN my,  JERRGF
HIFRLN TiOx ¥R, AU B o 100°CHET IR BN S AP BUse 600 FEORIR 2 h, JEF I Bbe S
(IFRIAR FAC N o, TiOs TR (me — mi)y/my, TRRAEAFEH], Q5. Tio, 7 EN 87 my/l g
pEaE L) s
2.3, MHEFREHIRERZE

FREL 0.05 g XoF i 5 2 13 [ 44 52 ¥ T 500 mL 25 2 HH c B B 100 mg/L FIARHERS &, 43 BIRC Hil AR
WEEN 2. 4. 64 8. 104 14, 16, 20 mg/L MAHIER, FEIMMOLEETHIEOCEE, ShlbnEtiz. %
XF SCHRBERR BLTE 317 nm &b H BB KR b, DL 281K N 2 LU, SR 5 0 7 AN [ 3R 1 X i 25 2y
BRI EREFEAT 43T WA R AR AE I 22 77 F2: A = 0.0637C + 0.00293 (R? = 0.9994).

2.4. LG

1) Lt

MRAE S5 SCHRIOT T AN, A ARG A B Al A ML e R 3 A DGR, pH A, OSIEA], BIaauk
LR, AW IR I AMT T RO G BE RS 18] (30 min, 60 min, 90 min). JE/K BRI EE (10 mg/L, 15 mg/L, 20
mg/L). PH (4,7, 10) M S ALEK I B 45 15 5 (500°C, 550°C, 600°C ) AFEMA A &, SREH IEAT 5256 % 3 N Lo(3%)
AT ST W L 7 80 S R e e o i 5 R T ) A B IR

2) W PROGAEAL BEARXT IS FE R BRI B L

HU 100 mL — 52 ¥R & (A A FE 2Ky R b, 15 pH, #5001 10 38 18k Tio, IR, A S mL XX
UK, WER 30 min, ESEAMT FOGHR— @RIt E], BOHEE, BCEEWR, H 0.45 pm HIUEREHIIE, EU
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A

K9 317 nm {73 SOERE TR T, AR AR 2 U AR B 5 B L, TR RRRER . IR RIRIERSR
BRI P 5 AT SR

Table 3. Lo(3*) of experimental factors and levels

%= 3. L3HFLERSKF

— mz A B c >
AF T M Emn WIEEmgL) pH HARE(C)
| 30 10 4 500
5 60 15 7 550
3 90 20 10 600
e A Rt 5 =100 "

0

S g—— PR R %

Co——HTRIEHFYIIGTRE, mg/Ls

C——Ab B JE RSSOV E, mg/L.

3) EIRHDRL I LA BB WL

FRIR 10 5 508 TiOs (MR T4 100 mL R EA 15 m/L X RHEAEM AR B, 57
H 9 4 /A7, BriRfEdy 25°C, EHRTES 1 BA 200 v/min (IEEIR S0, AEkE— s I IURE I 5 i 2
B PE, B AL LR B0 1 6 P15 B0 25 B 2
3. RS TTHS
3.1. EXEZRERM

R E AT Lo HHAT SR 4E B2 4. FERRAR % Z MK PIIT I EBE R, . K, K, B,
AR E AT R 1.

Table 4. Results of Lo(3*) orthogonal experiments
F 4. Lo(3HEXEWEER

e R AJGHEIN [E)(min) B /KM E(g/L) CpH D B45RE(C) EBRE(%)
1 1 (30) 1 (10) 1 (4) 1 (500) 28.82
2 1 2(15) 2(7) 2 (550) 41.93
3 1 3(20) 3(10) 3 (600) 36.17
4 2 (60) 1 2 3 61.54
5 2 2 3 1 5236
6 2 3 1 2 44.79
7 3(90) 1 3 2 58.08
8 3 2 1 3 74.01
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9 3 3 2 1 50.94
K, 35.64 49.48 4921 44.04
K, 52.90 56.10 51.47 48.27
K, 61.01 43.97 48.87 57.24
R 25.37 12.13 2.6 13.2
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Figure 1. Intuitive analysis of factor levels

B 1. ARERKFEYSHE

(A—)IERS ] ; B——R/KIWIGEIRE; C——pH; D—ELIRE)
e 4 A 1. Al LR 458:
1) FEA 2 K/NHES S TR E R RUWTR

£ R
A D B C

2) BEMITIIREZIESLIE AN : 8 T3 (A3B2CID3).
3) TR B SRA SEE  A3B2C2D3, BISRH] A3 OGE 1.5 h) B2 (WJ4AHE 15 mg/L). C2 (pH
=7)s D3 (be4hii B S AFREATI0AE 75 3 (5% A BE 2RI 1) B AR5 78% .

3.2. MM BE R NERR

1) BRI SR SMT T BN B E 2R B (I H0,)

MR A T R A B RIAB RS 600°C FEARIE 2 h, AR5 B8 0 3k A AL ER B RS 600°C A5 2 h, HX 10
TS R RL T T A0 100 mL W 15 mg/L, pH =7 KX RSFERMRINR K, Bl ks S B 5h g 2
FREERNE S,

B2 5 5K [ AL 4D B AL AT 47 28K s 1 o Aok s 25 S (9 B [ (RO T 98 PT LA H 10 g P ZEBRE I 100
mL WJE 15 mg/L Fh0 5 mlH0,, —Ln(C/Co) 56 EALITA] t PR FR: —Ln(C/Co)=0.128t+0.347, R?
=0.99273, HZ M5 RAE 0.992873; Al Hy0,, —Ln(C/Co) 5 I MEALI 7] t &k 5% £ : —Ln(C/Co) = 0.1064t
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+0.1588, R?2=0.99184. Uil [EIARCRENLF, FFE&—HKN 15 EE[10], N Ha00 FEARZ LLA N Ho0, 1[5
HRBCE R, FrLART LA HIM AL AT AR N S A Ak i 6 HE A R U

Table 5. Study on the reaction dynamics of recycled ceramists
5. EYERIR NENIFMR
MR et Wil b BRI dbfiEfk btk ik

15 mg/L RAREAE 7S 0.5h 1 h 1.5h 0.5h 0.5h 1 h 1.5h
i H202 A H20:
OGEE A 0.860 0.743 0.634 0.522 0.896 0.812 0.763 0.709
R L C 13.04 11.20 9.49 7.73 13.60 12.29 11.52 10.67
—Ln(C/Co) 0.140 0.292 0.458 0.663 0.098 0.199 0.264 0.341
WAy 7= —Ln(C/Co) = 0.128t + 0.347 —Ln(C/Co) = 0.1064t + 0.1588
R R R? 0.99273 0.99184

2) [Bl B RLAE R O T RN AR BN (BN H202)
[ WS B £ T IO T OB S N At FE 4 R L 6 AT 2.

Table 6. Study on reaction kinetics of recycled ceramists under visible light

= 6. EWFERIEF WA TAEUR A DFMR

15 mg/L % HH 82K 8h 16 h 24 h 32h 40 h 48 h
WOGRE A 0.724 0.560 0.412 0.328 0.228 0.116
XS EE R IR C 10.90 8.33 6.01 4.69 3.12 2.36
—Ln(C/Co) 0. 0.588 0.915 1.163 1.570 1.849
W& 7 #= —Ln(C/Co) = —0.01707t + 0.03873
FHK R4 R? 0.99562

-In(C/C0=-0.01707t+0.03873)

R?=0.99562
™
o
O 1.0
=
" /
] ' | ' .
20 40
IE) Ch)

Figure 2. Reaction kinetics of recycled ceramsite under visible light

2. EBERIAER AT R EAHNFHR

o 2 Ar%A, 0 SR B RLEAT FORAE T WO, HEAC R R BRI (A e 25 1F R, I 5 mL
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H,0,, —Ln(C/Co) 5 MEALI ] t BRIt £ : —Ln(C/Co)=-0.01707t+0.03873, R2=0.99562. FH:Zkit %
ZAE0.99 DL b, BB EIEBCRELF, K2R ) 1 —Ln(C/Co) R [H] t B¢

3.3. HmEURIES 4

1) XRD 73 #ft
3 MEEF R R XRD fTit B, 15 3(a) AR B FIEMER. B 3(b) P25 2R AEMER, E 3(c)i
I TiOy. 18] 3(d)f1 %k Tio, IR, & 3(e) AR M ALK IBR KL XRD A75 i

1—Si0y ek M TIO M [FTRL ar R IBIFEMITIO
2—Ii93/h d: R TiO2 1P fi b:P25
BRERR S CHBHE I TIOR
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Figure 3. XRD diffraction pattern of floating ceramsite (a), P25 (b), calcined
TiOz (c), TiOz2 loaded ceramsite (d) ceramsite without TiO2 loading (e)

3. REEAY TiO2 (a), P25 (b). HEKEAY TiO2 (c). Ta#k TiO:2 KIFERI(d)
R FaE TiO2 HIBERL(e)# XRD 1757 EIE

H ] 3(e)7u%thlélﬁﬁm SHAE, BERESANNTHE. MIE 3 ATLLEH by o A RIS E
Sy RIAE 20 9 25.28°, 55°, 62.82° FHILTT DL B SLEG 2 IR - BERER & HR IR A ER. Bl 3(a)h
AR 2 AR MR BRI TiO, Fﬁu&ﬁ IR B 2040 S A, RIGTE B A B R AT . fh 3 R o
d T DAE HAE 27° BTG AT 06, AT R DAA 3R 2 A/ BT DAFE A B 1Y) TiO, TS g, FR4E Hik TEAZ 50
BB, B 228k, BEd do e ATRLE HITE 20.78°. 26.54° B T EALER AT 5
U, TR TiO, B1{100} {101} éhTi - ShniEEdE PDF#71-0574 tLE)&, IF BB R R T 2k 14
ThER

2) SEM 43#7

<] 4 EEVEBERL A7 #K TiO, B ()5 (b)Y SEM JTESR, W1 LUE R A 1R 2 FLI, A HAb A i 74k b 2%,
A DABA S A B (R R THSE TS T K E AR S A, T b kil 3 3 f ks 2 B

3.4. NIERNARR

TiO, J& T —Ff N B SR, E RSN 3.2eV, BRI/ T 8EF T 387.5 nm FGIR ST
I, O P TS POk B A B, R R IR TR T e, [RIRFAEA AT B AR IR L AR
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b2

k) H

h'e H5&RmAFE, TiO, FIREH LXK, M1 - B0 —fh R HR K G dr, & UUEEA: i 1Al
A TR R PR R TiO 2R T PRI PR e 1 FELAT o 25 70RT AR B 3 A RURE 2R T A B PR 20 SR B o o v
i JRASAR MO P FEHEEF PR, BT 2R B2 R I T IO R, XA R s o £

25KV 1.00 KX 10 um KYKY-EM3900M SN:3772 25KV 1.00 KX 10 um KYKY-EM3900M SN:3769

Figure 4. SEM images of floating ceramic particles before (a) and after (b) loading
B 4. SZZMPRITAE TiO: Hi(a)fS (b)KY SEM

FHICAHEAL, ARAE R SR AT DLBER . 7= 2R T AR TR IR IR S (-OH) [ 2, AR 7 (0) A B 2L DL
J-HO, H H R, X EeHE A AR SRR IVEIR B 5L, B8 AR 2 B LTS G S0 o Tab s G,
WA AN COr HO ZHTEYR

AW TR ) 4 1 VR AL S B BRARE , FERE A T 1 X 7K H X i 2 R g £ W B D' e 0 A
PERE. XTEYRAN, SRk, JeRA B A B AR, B RUFRIN AT, R — M
RUF ARG

4. &Eig

1) SRR T 2 FLM R A B A, 0 B EIEAT S350 St 78, I 2 FLM R B2 /N, 2 1L,
TS BB —, HAG—eom g MR v, KRR, Wk, Jik, P RIFHRATESES
IHEEMRS AT, R PR AR R Ak, [ B 22 FLBDISE W PR i A 2t i R S A O A P et A
WA B T A ALR KRB 20 s (R B 22 LI L P V53R AL R B 47 b i SR /Km0 1LY 5 SR B e
A S HiEVE

2) JEIEE R R AR AR T A& e, AALERIERE 600°C, fEREN 87 me/g MK, pH =7,
BN 30 min, JGHEAL 1.5 h X 15 mg/L GRS AL R K K 2 PR 2R I8 F 78%, (R HEACIE T2 AEA |,
SXof [ AT 0 B KL — Yk 57 BBEAT S BB 1 2 9 o 0 e B 2R AR BB i ) X S 2R 87 S (XRD) R i L - S
(SEM)IEATRAE, 255 SRR - B & E Ak 8k B 2 AL R =S B rb, A5 vk, JF HAEE 3]
— 52 [ PR 2

3) AT MRS PR 2k T AR I B R BEAT B IR k. RIS BB LR AT Ik 7
PG AR — 2 IR BUR . FH O AR B MU K K KPR T A, &uFsci, wr#fErEas, A
BB AR ] OGN AR LR KFT FHLSC RIS, S A M AT I A R A4 25 o

&E 3k
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