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Fig. 1 XRD patterns of EMMT prepared with different ultrasonic
powers
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Fig. 2 SEM images of MMT and EMMT prepared at different
ultrasonic powers
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Fz 1 MMT #1 EMMT gYRiE R~
Table 1 Particle size of MMT and EMMT

Sample Dig/nm Dso/nm Dgo/nm
MMT 621.0 786.4 997.1
EMMT 159.7 291.4 496.2

HE 3 LEH, EAH B4, EMMT
BOLRE MG R AR . 468 1SR, Fh
FRLE 534 251 Do Dso~ Doo 4393l i 621.0 786.4+
997.1 nm /N F 159.7. 291.4. 496.2 nm, FHIZEFH
EAEfE MMT BRAR R SF R IR o

TR MMT LU AEE 75 Th 2 8 600 W 451
TRIEK EMMT B ZEEE, 4353 =T AFM
Wik, ERWE 4 s, HE 4a LA H, MMT
FrEHES B, [EREZ1y 303 nm. EAFI B A G,
EMMT F ZEE /N2 7.6 nm, 4558400 40 fr
TN, IX R UR—fRAR - S BT MMT 385 2%
RRLF.
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R e RE R B SRR AR, [ B AR A AR PR R R UL
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(a) AFM images of MMT
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(c) AFM images of EMMT
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Fig. 4 AFM images of MMT and EMMT
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Fig. 5 TG and DTA curves of CoAl204/EMMT composites
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196.1 CALHII 1 AN #2854 BB T Ok K
A2 AE 353~500 C, X R T BRIA R B K2
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B3 h, EFERIFGBEA 75 °C, 4 IR AS Rl R b
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(a) XRD patterns of CoAl,O,/EMMT composites

(b) Partial magnification of the 10°-30° in Fig. 6(a)

Bl 6 AFIREREIEE A A COALOJEMMT H &4 KK XRD 1
Fig. 6 XRD patterns of CoAl20s/EMMT composites synthesized with different calcination temperatures
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(a) SEM image of CoAl,O,/EMMT sample

(b) EDS elemental mapping images of O, Si, Mg, Al and Co in
CoALO/EMMT sample

Bl 7 B R A CoOALOJEMMT F 5k SEM T I
CoALOJEMMT E&MEH O, Si, Mg, Al 1 Co K
EDS JCE WU 5]
SEM image of CoAl2O4EMMT sample and EDS
elemental mapping images of O, Si, Mg, Al and Co in
CoAl204/EMMT sample at optimal condition
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(b) Magnified image of area B
in Fig.8(a)
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(c) Magnified image of area C (d) HRTEM image

in Fig. 8(b)
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Fig. 8 TEM and HRTEM images of CoAl204EMMT composite
synthesized at optimal condition
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W A5(Co%), ¥ FE L d Hrrt B, s f
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Ols Co2py.. Co 2p Al 2p
CoALO/EMMT Co 2p, |
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Bl Al 2,
> { ; i
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Fig. 9 XPS spectra of CoAl204 and CoAlz0s/EMMT samples
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44.22°4b4x J& Co(400) & [ R iT S U iR FE AL 55 1t B
I JFR R A PLA CoALO, Hifs JF i 42 J& Co;

[FINTAE 20 = 19.72°kb H B 52 M A7 (100) & T B AT 5
W,k BH SR AT () 25 AL AR BRI )5
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J& Co. ik J5 i 4 STt 1= 22 770 “CH, S 47(100)
i T AT ST LT SE AV 0k, RIS AT I S5 M b
N FIBS 48 Co 1) fT 5 0% 50 B 21 & T
CoAlLOs, EHE EFEH CoAlLOs #ILH NS R
Co, TMidENI4EIE Co 5 TE CoAlOs K TH K A ]
R XA, IR NIERE 670 'C. 18R
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Fig. 10 XRD patterns of Co—-CoAl204EMMT composites
synthesized with different reduction temperatures
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CoAlL,OJ/EMMT+PDS. Co—CoAl,04/EMMT+PDS #i
Co-CoAl,04/+PDS 5 FifAk ZiE ¢, PDS v 4 i F 2k
B, SERuE 11 fror. BB 1L ATRUEH, B
A PDS B}, HERERXEERFEMNA 58.8%. Co-
CoALOJEMMT & & W4 4k tof FFF 356 8 1 VI o 200 2% ¢
72, BBRZFAUN 16.0%, 1M 47E Co-CoAlL,OJ/EMMT
RPN PDS J&, XfHIEERIEER A L
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CoAlO4/ EMMT+PDS 14 22 (76.8%) % H B 46 1) [ i
2, 1K T EMMT A AT (A5 F 2548 2 PRk
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Fig. 11 Analysis of catalytic capability at different systems
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Extended Abstract

Introduction  Cobalt aluminate (CoAl20O4) is one of the most common transition metal catalysts and is widely used in the persulfate
advanced oxidation process. To improve the dispersion of the cobalt aluminate (CoAl:Os) catalyst and enhance its catalytic activity,
exfoliated montmorillonite nanosheets (EMMT) as a support were prepared by a freeze-thaw-ultrasonic method. The
CoALOJ/EMMT composite material was synthesized by a sol-gel method, and then CoALO+/EMMT was reduced to the
C0-CoALO+/EMMT composite material. The degradation performance and cycle stability of Co—~CoALLO4/EMMT for methyl orange
were investigated, and the mechanism of catalytic degradation of methyl orange was discussed.

Methods An appropriate quantity of montmorillonite (MMT) was uniformly dispersed in 50 mL of deionized water. After
continuous stirring for 12 h, a well-dispersed MMT suspension was obtained. Subsequently, the MMT suspension was transferred into
a refrigerator at —20 °C for 12 h. In the freezing process, the frozen MMT suspension was placed at an ambient temperature for 8 h to
ensure complete thawing. After thawing, the suspension was thoroughly stirred to achieve a homogeneous state, and then ultrasonic
treatment was carried out for 8 min to yield an exfoliated montmorillonite nanosheet (EMMT) suspension. Afterwards, 750 mg of
aluminum nitrate nonahydrate (A1(NOs);-9H-0) and 353 mg of cobalt nitrate hexahydrate (Co(NOs)s-6H20) in a molar ratio of 2:1
were added to the EMMT suspension. The mixture was vigorously stirred for 40 min to guarantee the well-dispersion. 384 mg of
citric acid and 4.5 mg of sodium dodecyl benzene sulfonate (SDBS) as organic additives were introduced into the above-mentioned
solution. The solution was then heated in a water-bath at 70 °C for 4 h to form a sol, and the heating process was continued for 2 h to
transform the sol into a wet gel. The wet gel was subsequently freeze-dried for 24 h to obtain a dry gel, which was then finely ground.
An appropriate amount of the dry—gel powder was weighed and placed in a muffle furnace. The temperature increased at a heating
rate of 5 °C/min, and followed by calcination for 3 h to synthesize CoAl.O4/EMMT composite material. The microstructure of the
CoALLO/EMMT composite material was optimized via precisely regulating the calcination temperature. Finally, the Co—CoAl:04/
EMMT composite material was synthesized through reduction roasting.

Results and discussion At a ultrasonic power of 600 W, the lamellar thickness of the exfoliated EMMT decreases from 303 nm to
7.6 nm. The Co—CoAL.O«/EMMT composite material synthesized at a calcination temperature of 650 °C and a reduction temperature
of 670 °C exhibits the optimal catalytic performance. Its degradation rate of methyl orange reaches 87.5% within 70 min, which is
greater than the catalytic performance of Co0-CoALO: (79.3%) or CoALOJEMMT (76.8%) composite materials.
Co-CoALLO+/EMMT composite material has a good stability, and the degradation rate of methyl orange still remains at 77.8% after
four cycles.

Conclusions Exfoliated montmorillonite nanosheets (EMMT) as a carrier were prepared by a freezing-thawing-ultrasonication
method, and then Co—CoALLOs/EMMT composite was synthesized by a sol-gel reduction approach. Co—CoAL.O./EMMT material
prepared at a calcination temperature of 650 °C and a reduction temperature of 670 °C exhibited the optimal catalytic performance.
After activating peroxydisulfate (PDS), the degradation rate of Co—CoALO+/EMMT for 50 mg/L methyl orange could reach 87.5%
within 70 min, accompanied by a superior cycle stability. The results of radical quenching experiments confirmed that SO+~ and *OH
radicals were the dominant reactive species contributing to methyl orange degradation.

Keywords montmorillonite nanosheets; cobalt aluminate; catalysis degradation; sol-gel method; methyl orange



