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Preparation of nano onion carbon/titanium dioxide by template method and
study on its photocatalytic performance

BAO Lu-yu, GUO Li-jun, ZHANG Wei-ke™ , ZHANG Yan-rong
(College of Environmental Science and Engineering, Taiyuan University of Technology, Jinzhong 030600, China)

Abstract ; Taking SBA-15 as template, butyl titanate ( TBT) as Ti source, and magnetic nano-onion carbon
(MCNOs) as carbon source, Ti0,/MCNOs composite photocatalyst with good magnetic separation characteristics and
10 nm of TiO, are prepared by means of sol-gel method.SEM ,XRD,BET, XPS, FT-IR and other methods are employed to
characterize the sample’s morphology structure and phase composition. Analysis on the photodegradation effect of

rhodamine B (RhB) over the catalyst under visible light shows that 4% MCNOs/TiO,(S) shows the best photocatalytic
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performance. As its dosage is 0. 55 g-L' the degradation rate of 10 mg-L™" RhB solution can reach 98%.

Key words:SBA-15; sol-gel method; photocatalysis; magnetic nano onion carbon

IAESR PRI TS Y R AR IR B 28 ok Ak vk
[, T CAE AR AT AT B T Yo ) — Fh 4 (B 34
PRATRESE A 07 1, RN 32 BIAR 222511 T 1z
X,

TiO, BA LA P m A LRE Ty o O R R
Wy PR EMEL RGP SRR RO %
HRRADUHE T Z —, 78 TiO, 1t A b5
rf, DR BT S BRI, FH R TG R TR AR
X TiO, MR MBS E A, B, B WL ety ik
FEUEHEL SR AR RBae, A TG R ik
YORAEBZUE TiO, AR

T 40 K 28 B ( MCNOs ) 549 1 Ugart 251
FE I L S SUBE R A R R A K R IR
MCNOs 1E b — i 1 2 4k fie 44 K 44 L 5 1 )2 (6]
DBRIR I A S5t A, BA B AR SR Bk
I LEFRTAAR R IS e M = SR A, AT TOefif |

BN AR TR R R A A RS A
P A

2E4 T8 R MCNOs otk 24 e sE H S i
PR R AR ARE A5, SR FHES I — B Jie 1 R 46 TiO, R+ 11
AR ZS ] AR B/ NRAR B mLfE L RE 1 R A T
KB MCNOs/TiO,(S) .

1 SLIEHEE

1.1 BENILZSUEEE SBA-15 BIHI &

HRAE SCHR [ 16 ] v iir 3 1) 7 vk & A P A FLA
fbhiE SBA-15 B, JHAE 6l & 91 K 9% Tio, 1Y A5
Mo B2 g FMHEHER P123 N3 15 g 25 Tk
60 g £R2 (2 mol/L) IR A, T 35°C Kim
PRt bk 2 by RJE B 4.2 o IERERR e N3 ik
R IR RS ETE 20 b R R TR AR E
HiAT Teflon 1 B R 42, 6% H & T 100°C 4t

%5 B #3:2020-04- 14 ; i€ B H #:2020-12- 18
E£WA VA IS AR (14 & R4k ,201803D31049)

EE R OBIE(1994-) 5 W-H0F 58 A BT 10 40 Kb R e K b B HR A4 D7 FH L 364584983 @ qq.com; 3k LI (1981-) , 53, it | Il #04% , BF

X5 ) Rk k) B IREK &R A zhangweike@ tyut.edu.cn,,



2021 EE2 B

FETRELE 2 A, SRR NVIEEUE RN EHASHI &
R JE R W B TR A DTE Y A K
FC 38 Pk W 28 v P 9 o8 4 25 B 2 vl 04 1 )
P123, 5J5 T 80°C ML b T 7%, 15 21 )7 A
LA AR SBA-15,
1.2 MCNOs/TiO,(S) EAFELFIAH &
PG SBA-15 7E 80°C .25 T 44 b T4
4h 5, FREL0.5 ¢ 584 T SBA-15, 43 HL7E
2 mL TBT Fl1 5 mL ZPEERIR AW, 2 Tt
30 min; FR—E T ) MCNOs 23807 LR s,
HABA PR P L SR 25 RN 1 iR IR &
YITE 80°C THEM T % 4 h J5, 152 SR Bl P
550°C (5°C/min) 5% 4 s dicJa , B IBE = ) I i i
I1E8 10% ZFIRVE U LARR 25 SBA-15 ki, I 1 25
BFOKBEG R E, 155] MCNOs/TiO, (S) & 4 i
B30, 3 A MCNOs f4 5 243 B0 45 A ) He 41
(HP MCNOs 5 TiO, it t4rilh 0.1% 3% 4% .
5% 1%) W2 G Mk, 4 B1E A Tio, (S) |
IMCNOs/TiO,(S) .3MCNOs/TiO,(S) .4MCNOs/TiO,
(S) .SMCNOs/TiO,(S) \7MCNOs/Ti0,(S) .

2 SRS

2.1 SEM #3#f
TiO,(S) Hl 4% MCNOs/TiO,(S) i) SEM &l 4n
1R

100 nm =5

.

(b)4MCNOs/TiO,(S)

(a)TiO,(S)

E 1 TiO,(S)#n MCNOs/TiO,(S) th 434 v 45 A

HE 1(a) HRTLVE 1, 05 45 1Y Tio,
REFNA— SrAT AR 5], B0 [ A7 7E A SR L4
HI I (b) AT DL Y ARV 2B R 70 S BRR 23 A
TR AR T 38 50 % A i IR TR AN K TR R )
il , MCNOs/TiO,( S) 5k 5% %5 1) FH 2R 7E — ik, 150 W]
TP R 8 A 26 T LI S Dl A i 7 s
TS 15 0 A 5R) Sz B 1), DT 4 e DA 1k
2.2 TEM 447

MCNOs MCNOs 5 TiO, &4 J5 fEE 5 TEM
i 2 B,

BIRRE  SIRNEHSWARFRE SR EC L IEEEHAR - 141 -

100 nm § b VARG

(a)MCNOs (b) MCNOs/TiO,(S)

B 2 MCNOs f2 MCNOs/TiO,(S) #y % 4t . 4 K

HE 2(a) AT LAE Y 9K AR R AR 7E 20 ~
200 nm Z[8], HE 2(b) /] LA, AR T
HRLAR /N, RSTH45) , HAEGN K VE 2 ke i) e T 442
I3, iX 5 SEM EUSAH—3% ., BB ZA K7 2000k mT LA
Ry AR AR AL A IS PR A, A R T A R] Y F
B W T - O B E A, TR G A
it
2.3 XRD &4

TiO,(s) \MCNOs ,MCNOs/TiO,(S) & & # K14
XRD EE 3 i,

R EE /a.u.

1—Ti0,(S) ;2—MCNOs ; 3—4MCNOs/TiO,(S)

B3 Ti0,(S) .MCNOs MCNOs/TiO,(S) th
XRD 4 & A7 47 A

& 3 Al LA, 5451 PDF K f JCPDs21-
1272 # L B vk #5309 TiO, 7€ 26 4 25.2 37. 8,
48.1.53.9.55.1.,62.7.70. 3°4b 5477 565 W 43 531 %sF 17
F(101),(004) ., (200) . (105) . (211).(204) .
(220) ST, MR BLERS & TiO,, MCNOs 7E 260 4
26. 7°4b B 42 B R AE AT S 16 5 A SR Ak O S
(002) # 1 AH [F, 6 B BT 45 MR R A SR Ak
MCNOs/TiO,(S) & & B 8E AT DL i i b W8 22 21 8t
BRI B g, HOAE 20 S 26.7° &bt BB ES 1
(002) 1 8111 5 06, 255 wFORHIY ) & i, ik B
MCNOs 5 Ti0, E &3,

2.4 tERERFAAFLES WS (BET)

Ti0,(S) .MCNOs ,MCNOs/TiO, (S) & &+ k1

Fb 2 T ARURIFLBURE X e R B A& 4 B



- 142 - 4K AL L B4 EE2H
250 6ol
wa 200 w40k Ms=52.9
E 2 20k
\e, 150 E Mr=14.7 |l 1o=255
g . = 0
= 100 Desor}:tl} 3 = 20
§ 50 ﬂ;rption ? § -40
0 C 1 1 1 1 2; _60 C 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 -15000 -10000 -5000 0 5000 10000 15000
HIXTES1(p/p,) 3%/ 0e
() Rty Il 2%

(a) N, W~ o £

EO:OS% . 2
00073640 60 80 100 120
L& /nm
(b) FLAR S it 4R
1—Ti0,(S) ;2—MCNOs ; 3—4MCNOs/TiO,(S)
4 TiO,(s) .MCNOs MCNOs/TiO,(S) N,

B I =t B o 2 A FL AR A o

M 4(a) P ATLIFE 1, 4MCNOs/TiO, ( S) H ffi
285 IV ARG B — B B A TR AR . BT 4(b)
RTLUE 3 AR R FLAR 2 A 4R T AE 3~ 40 nm
ZI] B 3 FhRE A A T LA

TiO,(S) .MCNOs MCNOs/TiO,(S) 3 Fh#f i i
BET K1 B, FLAR RS- L2 an 3k 1 iR, A
1A LLE H, MCNOs/TIO, (S) Ay FL A% . 2 4
KRR/ A B e M 47 {H MCNOs/
TiO,(S) M LR A FAL /N T Ti0,(S) , FLAAS
/N R PR AR R A B v R AR T TiO, KL
TR 2SI, (A TiO, H0RL 5 4l T MCNOs & i
R

£ 1 TiO,(S)F MCNOs/TiO,(S) &S

R, REREBY flis LA/

p=s

AR nm (m2'g_]) nm (m3'g_])
TiO,(8) 10 110. 396 6.271 0.363
MCNOs/TiO,(S) 26 21. 064 17. 801 0.116
2.5 FHMESHT

CNOs/TiO, & & PR 0y 1 vE X 45 R an &1 5
FR

HE 5(a) AT LUE ), #EHr M2 (M-H) i “S”
BRI E G MR R A BIN#ETT R, CNOs/TiO,
F M AIREAL (Ms) BN 52.9 emu/g, 57 mi 11 (He) 1B
N 255 Oe, RIAHES SRS (Mr) J 14.7 emu/g, X

(b) RS BICR
E'5 CNOs/TiO, & & # #h iy #h i Bl 4 fn
AT &S

Mr/Ms {624 0. 27, RIZE G M ELBAT B #ET T A
WA (<0.3) . B 5(b) il LLE W, 785wk
UERT , 2 A M BRI Pl oy B as 5 A R T
AT A DR A A

2.6 XPS o#F

MCNOs/TiO,(S) i XPS 43 [ 1 Ti .C &5 3¢
EEWE 6 s,

A 6(a) HPa] LIS 2 I EE 5 Ti C 1 O 3 Ff
JCEMIFEAE, B T MCNOs/TiO, (S) M1k 4 i,
HH & 6(b) F %0, ZELE A RE R 459. 07 eV Fl1464. 85 eV Ab
FETE 2 DMAFIEDE 3X 5B R Tio, o Ti* 2p,,, Al
Ti* 2p™ 45 A BE WG AH — 3, 22 B PIr 150 i v 1

HIXT 3R BE

1200 1000 800 600 400 200 0
ZibtkleV
(a) XPS £

459.07 eV

464.91 eV

HIXE 3R BE

430 435 4|60 4|65 4|70 4‘75
A 88/eV
(b) Ti morPHE R



2021 2 B

284.89 eV
284.41 eV [

AR R EE

280 2:'55% ggg/i%ro 295

() C o HHG

B 6 MCNOs/TiO,(S) th XPS 4 it [ Fu
Ti.C & % # i E

JCEELL T AR B 6(c) I TESS R REN
284. 41 .286. 67 eV H1289. 17 eV Ab43 I H 3 T XF 1
HIRT TG Horh 7 284. 41 eV AbAY Cl1s 1&—J7 T J&
KA MCNOs HAFAE sp2 224kt ; o5 — it 5 X3
AR BTG YA O FESE A BN 286. 67 eV 11l 2 [
i MCNOs 1 sp2 ZAUBRAFTE B FE LA B Ti—0—C
SIS AR SE SRR 289. 17 eV Ab W AH X455,
MCNOs H A 3 2 5 | e b B 4 1) 2 IR L
R I RESREAT N TiO, B T KBRS A
FITF 7 (B B B A AR A SO
2.7 FT-IR R4

MCNOs TiO,( S) Al MCNOs/TiO, ( S) Y £L 4
TEERNE 7 BR

I 3
L 3427 2
% 3427 1640 1383 586
b 1057\ ¢00
1 \
W . . AT
4000 3500 3000 2500 2000 1500 1000 500
¥ /em

1—MCNOs ;2—Ti0,(S) ;3—MCNOs/Ti0,(S)
7 MCNOs TiO,(S) 2 MCNOs/TiO,(S) #Y
4R E
H 7 AT LU 3 B 344E 3 427 em™ Al
1 640 cm™ " BF3T HH BRI | 3 2 F T A0 2% 18 R o
(7K 4> F ol 3 RE A M 4 R 3017 . MCNOs 1941
HIERELE 2 910 em ™' H1 2 810 em™ Ab %) Wz Wit 43 5]
Xof o7 R A B (i 45 IR 3, 1 383 em ™' by
—NO, B IRSNIE 1 057 em™ 4kl C—O Ffi 45
PR Ti0,(S) H' 586 em™ Ab Ky Ti—O—Ti Y X}
FriZadic shide, 1 383 em™ &b H—NO, 1725 #h 4z 3t
Wl ; & A OB 4% MCNOs/TiO,( S) BILTAM g
1 057 em™ &bk C—O FM 4R s, FL7E B s H

BIRRE  SIRNEHSWARFRE SR EC L IEEEHAR - 143 -

BT TiO,(S) Fl MCNOs 2 FfA e} (6 F¢ i 06, 3¢ W AR
I8 4% MCNOs/TiO,(S) E A emAbs .,
2.8 SRS

MCNOs/TiO,(S) & & # BHE 7] UL % RhB
VAS TR I G AR A A i P 2 e — % s N 3 g = il 4
Kl 8 fims

1.0
0.9F
0.8}

g 0.7}

© 0.6
0.5¢
0.4f : T

—60-40 20 0 20 40 60 80 100 120

B iE] /min
(a) Yot b pafm i 28

0.0F
-0.1+
-0.2f
~-03f
-0.4f
-0.5+
-0.6F
-0.7F
-0.8},

s

In(C/C

0 20 40 60 80 100 12
BFE] /min

(b) —g i 122k
1—Ti0,(S) ;2—1MCNOs/TiO,(S) ;3—3MCNOs/Ti0,(S) ;
4—4MCNOs/TiO,(S) ;5—5MCNOs/Ti0,( S) ;6—7MCNOs/Ti0,(S)

8 MCNOs/TiO,(S) & &+ ko Lok T2t
RhB ¥ 5 B 4 b 18 A 4 B — R R
%

H & 8 Hra] LUE Y 7EmsE SO B B, 15% 19 RhB
BB, T LSS SHTE] A 120 min J5 , K43 RhB %5
TR B AR Y B ff O, 548 Tio,(S) AH Ik, B &
PR GAE AR REAS [R] 2 B2 52 5, Foh 2 MCNOs
5 Ti0,(S) W& A i LK 4%, RhB 75 1 14 R A
ROR B b, BRI B T 98%, X FEZ KK
MCNOs A5 2 A0t BA R4 r) T
e, AR TOeA T 55X SR, ME A M
AL 5T LR SR G N, S RE A s | 3L
XIS B S R 2 i 22 19 MCNOs 23 B 7] LS Y
WU G5 RRH A A BiiE o m (MCNOs) :
m[ Ti0,(S) ] =4:100,

H & 8(b) Al AT, 4% MCNOs/TiO,(S) & &+ kt
RStk RhB 1Y SN 5 —20 80 27 7 B AR — 3, RO &
At B AR AR R EUE L, TG RY
SN BN 2 5 R8GO 3 ORI 4 M A O
W 2 Fion, HE 2 al AL, S5 B AG ZtAH 5C B 48



. 144 - A, A T

&, ZICATIEM CNOs/TiO, #EALFf#E RhB Y SN 4
BB DIFE
%2 7FE MCNOs & LRI — & R 5

MNFEHFERERIEH
FESh —WBh iR R>  K/min”
TiO, In(C/Cy)=—0.00411:+0.00614  0.97492 -0.00411

1% MCNOs/TiO, In(C/C,)=~0.00576—0.02016  0,98667 —0.00576
3% MCNOs/TiO, In(C/Cy)=—0.00434-0.01676 0,97129 —0.00434
4% MCNOs/TiO, In(C/Cy)=-0.0066(-0.02168  0.97905 ~0.0066
5% MCNOs/TiO, In(C/Cy)=~0.00529:+0.00044 0,98601 —0.00529

7% MCNOs/TiO, In(C/Cy)=-0.00441:+0.00945 (.98014 -0.00441

FE T M B X RhB V2 T 10 G A A o e 3 R
wnE 9 s,

1.01

0.8

1 1 : 1 1 1 1 1
0'(—)60 -40 -20 0 20 40 60 80 100 120
i8] /min

1—0. 15 g/L;2—0.25 g/L;3—0.35 g/L;4—0.45 ¢/L;
5—0.55 g/L

B9 i 5B IR A 48 AL 1 fE B % v

&
% $
L ¥
"%_ év
(<] 2
%, S mmp
$ %0
% N ™
%. ]
0,
%
O Pollutants
® Products

! S
Adsorption
E— 0.
Reduction
3 -0;

F415F 28

P L 9 AT, M ot e ok B AR, A BR A 4 Ak
T3k R 81 R SR o A T TS 1 I B B 22 19 E BT G oy
T, R SR B R a7 B R, HLA R P ek
R M5 1 A Ak 24 BE it LI RE A I R0, G R
R ; B o7 i ) — 8 FREE I, 2577 A
PUVER, KA TR W R 2 BR R BEAR, HR
I A R385 A 26 52 i B RE XA BOGF I Wi, 3k
JERR M TR U IE 24 4 A 008 i o
FEABETE g b 2 45 4 1) e S e A ISR R ' A A A
FH bR s v R S50 o i v BE A # 0.55 ¢/L
A, RhB B4 B AL SR 3k 1) i A4 b BURICR | B i 308
2] 98% , NIt #EfmefE i Lk m (MCNOs) :m (TiO,
(S)=4:100 AR EB BRI EE N 0. 55 ¢/L B, &
AR A BE AT

3 N RRAE

MCNOs/TiO, SCAHEATIFT LA 250 % At A LTS G
YU FE BRI — ) 1 R AR A F R IR TR E
WIS B , 52 6 I WD R B8 T S e iz i [T, 7
AT UL DR R WA J3E 1 O 5 g — T T A oK 28k
I SRR )l 52 A MR S B ARG N, B9 e
RHRBCR IR HEDE AR -2 X E A, B
B MRS BILTS Y 4 i TT RE Y R A AL EE A& 10
B

Pollutants
Oxidation
Products

B 10 MCNOs/TiO, 1 1t 7 5 L3

It SBA-15 AR il %5 1 2 G A B MCNOs/
TiO, 75 FfRAT WG et | 16 ok — Sk 34 50 2 4
H A PRGN K 28 i 10T, Ry SR AR AL T K Y
TR S RN & L A2 A bR IR R HE 2 T il
oA WL Yo B, ISR T R A AR 2
FEA A B =25 O, Dl AR H o DT PR 7 5 R
AR SR RS B ANOK T A B R T, BN e A
R BRIRSE UG , TR AR O REE

HERRRE NS T2 Jy O A5 S AL 57 [l e, UAE T 8 U
HMIHL

4 ZHit

T LA I - B VR P &S T B A AR
MCNOs/TiO,( S), Jf i & SEM, TEM, XRD , BET,
XPS FT-IR &5 FAF T B A i 19 T2 500 45 44 S P A+
AT T RAE . X RhB 3 A o] UL R i



2021 2 B

WAL AR MCNOs &2 & LUAE S ek Re , 45 1 3%
B, 24 m(MCNOs) :m[ TiO,(S) ] =4 :100 i}, fr k|15
) 4% MCNOs/TiO,(S) F 3 FefE AL L 1E fE
AR, LA 10 mg/L (1) RhB ¥VE A B AR R 75 W
FE T OB AR B BT e B 0. 55 /L

S 3k

[ 1] Schenider J, Matsuoka M, Takeuchi M, et al. Understanding TiO,
photocatalysis ; Mechanisms and materials [ J ]. Chem Rev, 2014,
114:9919-9986.

[2] Liu C,Yang D, Jiao Y et al.Biomimetic synthesis of Ti0,-Si0,-Ag
nanocomposites with enhanced visible-light photocatalytic activity
[J].ACS Appl Mater Interfaces,2013,38(5) :3824-3832.

[3] Chen Y F,Huang W X,He D L, et al.Construction of heterostruc-
tured g-C;N,/Ag/TiO, mcrospheres with enhanced photocatalysis
performance under visible-light irradiation[ J].ACS Appl Mater In-
terfaces,2014,14(6) :14405-14414.

[4] Uiiah K,Ye S,Jo S B, et al.Optical and photocatalytic properties of
novel heterogeneous PtSe,-graphene/TiO, nanocomposites synthe-
sized via ultrasonic assisted techniques [ J]. Ultrason Sonochem,
2014,21.1849-1857.

[5] PMGRsE, 2ot , AERH , 46 B2 4E R/ TiO, B & B G e fkiE
fEPERE )] AL T %4, 2016,67(5) :2070-2077.

[6] Gui M M,Chai S P,Xu B Q,et al.Preparation and characterization
of nanostructured MWCNT-TiO, composite materials for photocata-
lytic water treatment applications [ J ]. Mater Res Bull, 2008, 43,
958-967.

[7] Park E,Le H,Chin S, et al.Synthesis and enhanced photocatalytic

activity of Mn/TiO, mesoporous materials using the impregnation

method through CVC process [ J ]. Porous Mater, 2012, 19 877-

881.

TRAEH XY, 22 S SRR IR - — A AR ] W - LD AN

AR e 2 M FEEREL T ] AL T 2541k, 2016,67(5) :1915-1921.

[9] Javier A I,Elena M, Arturo E, et al.Minimizing camera-eye optical

I8

—

aberrations during the 3D reconstruction of retinal structures[ C]//
SPIE Photonics Europe. Brussels: SPIE, 2010; 77231F - 77231F -
10.

[10] Elena M P, Arturo E R.Three-dimensional reconstruction of blood

vessels extracted from retinal fundus images [ J]. Optic Express,

BIRRE  SIRNEHSWARFRE SR EC L IEEEHAR - 145 -

2012,20(10) :11451-11465.

[11] Lakshminarayana V.The human eye: A model system for teaching
optics[ C ]//Education and Training in Optics and Photonics.
Asaph ; SPIE ;2009 : 40-50.

[12] Blaker J W.Toward an adaptive model of the human eye[ J].Journal
of the Optical Society of America,1980,70(2) :220-223.

[13] RR, H ki, 5KI5 , 55 456 F & LK i f - il 22 00 2% 1 g K
Zel) Jr 22 N A IR IS PR A8 B S vk [T e 7 51E R
“£41,2013,35(10) ;2411-2417.

[14] H&¥E,&AETr, KDy, 55 BT k XE RS 35 1 A3 AR G i
BRI R HH LSRG 7 3 [ ] rp A 0 R 2 TR 241, 2015, 34
(3):264-271.

[15] Ugarte D.Curling and closure of graphitic networks under electron-
beam irradiation[ J ].Nature,1992,359(6397) :707-709.

[16] Skowrongski J M, Knofczyshi K. Catalytically graphitized glasslike
carbon examined as anode for lithium-ion cell performing athigh
charge/discharge rates[ J].J Power Sources,2009,194.81-87.

[17] Borgohain R, Yang J, Selegu J P, et al. Controlled synthesis,
efficient purification, and electrochemical characterization of arcdis-
charge carbon nano-onions[ J].Carbon,2014,66:272-284.

[18] falsp/, o2 BLLRE 55 S WM IR BT ST itk e [ 7] 5§
TR K, 2004,20(4) :376-384.

[19] Zhao L, Yu J.Controlled synthesis of highly dispersed TiO, nanop-
articles using SBA-15 as hard template[ J].Journal of Colloid & In-
terface Science,2006,304(1) :84-91.

[20] Prokes S M,Gole J L.,Chen X, et al.Defect-related optical behavior
in surface modified TiO, nanostructures[ J ]. Advanced Functional
Materials,2010,15(1) :161-167.

[21] Liu B, Zeng H C.Carbon nanotubes supported mesoporous meso-
crystals of anatase TiO, [ J].Chemistry of Materials,2008,20(8) :
2711-2718.

[22] Soler-Illia G J D A A, Louis A,Sanchez C.Synthesis and character-
ization of mesostructured titania-based  materials  through
evaporation-induced self-assembly [ J ]. Chemistry of Materials,
2002,14(2) :750-759.

[23] FE2m, ARGEAR, W Al BORIEK 1 B &5 TSR Zeta HLA
IRIGBTIE[ 1] KRR ,2010,36(7) :36-39.

[24] Lu Z,Chen F,He M, et al.Microwave synthesis of a novel magnetic
imprinted TiO, photocatalyst with excellent transparency for
selective photodegradation of enrofloxacin hydrochloride residues

solution[ J ].Chemical Engineering Journal ,2014,249.15-26.1

(E#% 139 W)

[20] Hussein M A,Mohammed A A, Atiya M A.Application of emulsion
and Pickering emulsion liquid membrane technique for wastewater
treatment ; An overview[ J].Environmental science and pollution re-
search international ,2019,26(36) :36184-36204.

[21] Albaraka Z. Carrier-mediated liquid membrane systems for lead
(II') ion separations[ J].Chemical Papers,2020,74(1) .77-88.

[22] Xie F,Wang W.Recovery of copper and cyanide from waste cyanide
solutions using emulsion liquid membrane with LIX 7950 as the
carrier[ J | .Environ Technol ,2016,38(15) :1961-1968.

[23] Ferreira L C,Cardoso V L,Filho U C.Mn( Il ) removal from water

using emulsion liquid membrane composed of chelating agents and
biosurfactant produced in loco[ J].Journal of Water Process Engi-
neering,2019,29:100792-100799.

[24] Norela J,Norul Fatiha Mohamed N, Norasikin O.Extraction and re-
covery optimization of succinic acid using green emulsion liquid
membrane containing palm oil as the diluent [ J ]. Environmental
Progress & Sustainable Energy,2018,38(3) :13065-13074.

[25] Kumar A, Thakur A, Panesar P S. A review on emulsion liquid
membrane (ELM) for the treatment of various industrial effluent
streams [ J ]. Reviews in Environmental Science and Bio/

Technology ,2019,18.:153-182. 1



