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Preparation of CX-TiO,-La(x) and “enrichment-degradation” degradation
of solubilized wastewater under visible light photocatalysis
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Abstract: A series of composites CX-TiO,-La(x) (x is 100 times La doping amount, and the La doping
amount is based on the total substance amount of TiO,, formaldehyde, resorcinol and phloroglucinol, the
values are 0.05, 0.5 and 8) were prepared from solid solution gel, an intermediate formed by resorcinol,
phloroglucinol, formaldehyde, lanthanum chloride and TiO, nanoparticles using oxalic acid as catalyst,
through constant temperature drying and high temperature calcination in N, atmosphere. Characterization
by XRD, SEM, N, adsorption-desorption and FTIR showed that the composites were mainly composed of
amorphous carbon, rutile TiO, and La,Ti,0;. Analysis by N, adsorption-desorption indicated that the
specific surface area of CX-TiO,- La(0.5) reached 549.35 m*/g. When used to treat simulated soil leaching
(solubilization) wastewater, which is 100 mg/L (mass concentration) phenanthrene by solubilized with
Triteron 100 (5 g/L), under visible light, CX-TiO,-La(0.5) demonstrated a removal rate of 83.6%. Kinetic
model analyses proved that the adsorption process of phenanthrene was basically a spontaneous chemical
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adsorption process and in accordance with the second-order kinetic model and Langmuir model. It was

speculated that the La,Ti,0;,-CX-TiO, heterojunction structure was formed, which expanded the correspondingly

photocatalytic range of TiO, and made it obtain high photocatalytic degradation efficiency under visible

light. After 8 cycles of use, CX- TiO,-La(0.5) still maintained a high removal rate of solubilized phenanthrene.

Key words: lanthanum titanate; carbon xerogel; titanium dioxide; polycyclic aromatic hydrocarbons;

surfactants; catalysis; degradation; water treatment technology
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Fig. 1 Preparation process flow chart of CX-TiO,-La(x)
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HHE 0.02°, SEM: W5, 7RI RN 20 kV (1)
F 7 R EIE . FTIR: SRATRALERN E s,
PR R L om™, BHGER K 600 ~ 4000 cm ™',
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FEPRYS 12 h T, 202U e A0 (R
THW ) MO, MYESC (2) 7155 PHE MM Fff

H Langmuir F1 Freundlich W {457 75 72 0 1)
T X5 5] T B W RRE R AR 2 A R AR S AT R,
Fk Xt (5) fik (6) PR,

kLpe
=q —=C (5)
Te = I ke
qe =kpp,"" (6)

K p, AWHEATES PHE RO EIREE, mg/L;
qe N PHE [P # % i i, mg/g; gm A PHE MK
W R, me/gs ko W BNFAT R B, Limg; ke A
Freundlich W25 %5, (mg/g)(L/mg)""; n R AE W i
R I 1) Freundlich % %4,

5245 MR G PR T s ik . g R I g
PHE P& 290 58 BUS , #4 IR CX-TiO,-La(x)i# 17
VEVEIEAUE , B UREAL T, e & AL RIIE IR
I TERE, ERE T 8 KT,

2 RS

2.1 CX-TiOrLa(X)BI&H., FHIMKRIE
2.1.1 XRD 4#
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Fig. 2 XRD patterns of CX-TiO, and CX-TiO,-La(x)

X F CX-TiO-La(x) RN E AR, NFELEA
BRI, Bk LG TR AEFE . La B4
0.05%5 0.5% A B} AR FRAE 16 3L AR — 2K, La, Ti,0;
FIFRREEAN B s 2 La B840 8%, La,Ti,0O,
MYRFEWEROMEA &, & W T La &30, La,Ti0,
S, K 2 R, 20 R 13.72° (200 ). 25.09°
(211). 30.05° (212 ). 33.40° (302 ). 39.00° (402 ).
40.00° (1122). 43.70° (322). 50.63° (323 ), 51.30°
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Fig. 3 SEM images of CX-TiO, and CX-TiO,-La(x) at different magnifications
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Fig.4 N, adsorption-desorption isotherms (a) and pore size distribution (b) of CX-TiO, and CX-TiO,-La(0.5)
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# 1 CX-TiO, K CX-TiO,-La(0.5)fL&5 5%k

Table 1 Pore structure parameters of CX-TiO, and CX-

TiOy-La(0.5)
A A (mYg) EALE/(em’/g) FHIFLEE/mm
CX-TiO, 324.53 0.32 9.97
CX-TiO,-La (0.5) 549.35 0.89 19.27

I 4 AT UL, CX-TiO, & CX-TiO,-La(0.5)[) N,
W2 BFF - J56 B il 2R B0 4% & IV A TUPAC iR £R1T, 24
p/pe>0.9 B}, CX-TiO, KA REIEBMEREIG, £
W AR AE R ALEE TS, CX-TiO,-La(0.5)¥145 H4 #I
R, REHEMAEEMS . h SEM v A, H#11Y
B2l A AR NI BT A AL, e AR TS
FA) [ BN 8CAR T 525 DR A B2

2 1 Al L, CX-TiO,-La(0.5)fJFLAE K 19.27 nm,
LB LR E AR i 5 PHE, ffi HEEL AT %F PHE
BB B . 5 CX-TiO, MlkL, CX-TiO,-La(0.5)
By R (549.35 m¥/g) HhN T4y 70%, fHiHHA
A H CX-TiO, TSR Mt , SE I T & & AT
PHE RYIEPEPEI I SEFLARAR R, $m T Hx e
HHURKBFES# . M XRD EIhHfEd, 32 TR
AL, 0 HICPE 75 T 1) ) 5 5 TS O e R 4%
B A IR A RRY, SRS BE A 4 SR B 4
MRS LR, A5 BRI P 1Y P25, BRALS TSR 1A
EER A TS TR Al B B 2R AT T CX-TiO,
R, [FIRS % T RSB R, A3 FLARA
XFF CX-TiO, KIEH K, HAMK La,Ti,0, ¥4 50 Fi
TERRFEUR 218, MM HifS CX-TiO,-La(0.5)f) Lb i
FUH B HRIG In, WEEER i e TR R
2.1.4 FTIR 547

54 CX-TiO, M CX-TiO,-La(x) &5 & & ¥kt
HJ FTIR &,

. CXTiOfLa®) | |
CX-TiO,-La(0.5) /—\M
I VAN
M\ CX-TiO,-La(0.05)
/\—\/'”’\ ,f
CX-TiO, La—0
TN
\\/-\ /::_ . oV A
4000 3600 3200 2800 2400 2000 1600 1200 800

P/ em™
5  CX-TiO, M CX-TiO,-La(x)f¥ FTIR i &l
Fig. 5 FTIR spectra of CX-TiO, and CX-TiO,-La(x)

MR F ] 0L, CX-TiO,-La(x) &3 & & sk h
3450 cm ' AMAEAE )58 T AR 45 K /K H—OH 1) SRR
HgEREshg, 1638 ecm™ AbJE /K H—O—H 25 ik 3h

1§, 647 cm ' 4bJE La—O [FFHEIR B, 2932 .1629
1134 em™' &b >R & 7843 Bobe i) 5% B8 A DL 7 b 5 1
) C—H. C=C. C—O H:AImg g,
2.2 CX-TiOgLa(x) R Bt 2 St 8 4k B f# 14 B RAE
221 TIRLRBHT GRS T

K 6 MR UG R CX-TiO, K& CX-TiO,-La(x)
A E A BT 100 mg/L PHE( 5 g/L TX-100 3% )
IR B

100 |
80 |
= 60
&
40 —=— CX-TiO,
—e— CX-TiO,-La(0.05)
20} —+— CX-TiO,-La(0.5)
+ CX-TiO,-La(8)
R 1 2 3 4 5
t/h

Kl 6 CX-TiO, K CX-TiO,-La(x)"] W% F i) PHE #[3%
Fig. 6 Removal rate of phenanthrene by CX-TiO, and CX-
Ti0O,-La(x) under visible light

K 61l UL, JEREST 5 h )5, CX-TiO, J CX-TiO,-
La(0.05). CX-TiO,-La(0.5), CX-TiO,-La(8)%} PHE ¥
BRARRRDH N 55.4% ., 68.0%. 83.6%. 64.5%;
FE AR PHE SR 3 = R BR4, Uil CX
AR AT il A R LA TS A I B E 7722, AL 30 min
) 5 25 W B 5 FR AT L, CX-TiO,-La(0.5) B (R 7% 14
Fferm , XY PHE 58 FTHERE S e T H im0
PREBCRI A, fER AR B B , BT R
MITELERT CX AR ALK, 1B T CX Ay
T BURIFLAS I LT R 5 Tio, )i AE il Lay Ti, O,
PEE T MR CAE LR AR . B TR R] SE g4
CX-TiO,-La(x)' TiO, B M EE 2, BRARE S
B L 2R TR RS W B i 3 2, (BAT AR AT kA
SRR AR SRR RS, BEEM TR i, —
FHER A EAER T, CX-TiO,-La(0.5)%] PHE M5 [%
il , 8% 83.6%. mBERFIEH THICR IR
TR T T 8RR R b CX-TiO, %% PHE 19 W2,
2 A BRHMILJe T B B ) PHE 47, R A R /)N
PR, WA 2RI AL, WP R PHE
AR SE B RN . LTI, #oTERB
22 F CX-TiO, R R, X7 PHE 114 W 14 6 i 36
JUREE, B T A BRI PHE R LRl , SCEL
TREBTIOET & E-FEf B T5 K Y PHE,

22} CX-TiO, 5 CX-TiOy-La(x)& & W&
1B 4140 PHE 130 124350

M2 W, Z&HEX TX-100 ¥4 PHE Y
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SRS BR TR RESI AT A E— R ¥, R K
F 096, F 2 HT B R H B/ NITFAR IR A
CX-TiO,-La(0.5) > CX-TiO,-La(0.05) = CX-TiO,-
La(8) > CX-TiO,, CX-TiO,-La(0.5)H 35 Z3 ¥H
0.14h", KTHRM, F—ptZIn Bk EHRE K.

%2 CX-TiO, 5 CX-TiO,-La(x)}4i% PHE M GAEAL I A
EIVIE= 214
Table 2 Kinetic parameters of photocatalytic degradation

of TX-100 solubilized phenanthrene by CX-TiO,
and CX- TiO,-La(x)

RiER T mwrm ST g
1% RN
CX-TiO, 55.4 In(po/p)=0.0575¢+0.5540  0.06 0.9749

CX-Ti0,-La(0.05) 68.0 In(pe/p))=0.1144¢+0.7123  0.11 0.9694
CX-TiO»-La(0.5) 83.6 In(py/p,)=0.14481+1.1948  0.14 0.9798
CX-TiOxLa(8)  64.5 In(py/p)=0.1122¢+0.5891  0.11 0.9719

222 HBEMFHAHF

¥ 298.15.308.15 F1318.15 K T CX-TiO,-La(0.5)
£ 0~12 h IXF TX-100 34 PHE MW, DA RE
A RHE— . a2 m& L H IR 7, Hl
A AT EE LK 3.

100

CX-TiO,-La(0.5)

80

60 |-/

q/(mg/g)

40

20

B 7 AREIEETF CX-TiO,-La(0.5)%} TX-100 #i% PHE
B4R B 2l ) = SR

Fig. 7 Adsorption kinetic models of CX-TiO,-La(0.5) for
TX-100 solubilized phenanthrene at different
temperatures

3 CX-TiOy-La(0.5)%F TX-100 35 PHE W [t 5 1 2%
RS S8
Table 3 Dynamic model fitting parameters of adsorption

kinetic models of TX-100 solubilized phenanthrene
by CX-TiO,-La(0.5)

E— 23l 12 it T DAL
K qe K R qe K, 2
/(mg/g) /min”' /(mg/g) /[g/(mg-min)]
298.15 43.81 1.86 0.9867 46.58 0.04 0.9963
308.15 59.52  1.88 0.9824 63.30 0.06 0.9956
318.15 76.05 293 0.9855 79.48 0.06 0.9941

ATLAAE M, 298.15~318.15 K IREERIN, B4

FHRIRT TX-100 363% PHE B W BffAH % T i — 2050 1
SERIR TR AT G W ) ) 2R AR o 32
TR PR Ay e Ak 3t A e TR G PN ) S R R ORI
[ S BRI IR, R T ALG, B,
Y5 PHE &/ m-n M H AR, NI W% Bt 42 £ 1) PHE,
TR, A B T
223 BMERZE

& 8 A CX-TiO,-La(0.5)7E Al B T XF TX-100
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Fig. 8  Adsorption isotherms of TX-100 solubilized

phenanthrene by CX-TiO,-La(0.5) at different
temperatures

# 4 RFEEEETF TX-100 ¥ PHE 7F CX-TiO,-La(0.5)
b BRI B4 i R SR
Table 4 Adsorption isotherm equation constants of TX-

100 solubilized phenanthrene on CX-TiO,-La(0.5)
at different temperatures

Langmuir £5 Freundlich 157!
R gk 2 kel[(mglg) .
/(mg/g) /(L/mg) (Limg)"] " R
298.15 47.25 0.0006 0.9967 2.24 1.56  0.8619
308.15 64.56 0.0012 0.9904 4.66 1.83  0.8983
318.15 82.24 0.0011 0.9945 8.10 2.05 0.8703
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Table 5 Thermodynamic parameters of TX-100 solubilized
PHE on CX-TiO,-La(0.5)

TIK KJ(Llg) AGy/(kJ/mol) AHy/(kJ/mol)

ASo/[J/(mol-K)

298.15 42.76 —-8.60 2.07 39.63
308.15 51.46 —-10.13
318.15 64.62 —-11.54

T+ Ko 2y W P-4 o 1 B 5 (mog/ @) #1747 %5 ¥ P PHE (1) 5T
B E mg/L)Z .
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Fig.9 Photo catalytic degradation mechanism diagram of
CX-TiO,-La(0.5)
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Fig. 10 Cyclic performance of CX-TiO,-La(0.5) under
visible light
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