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Note: Ir istheintercaation rate of the DM SO-kaolinite intercal ation complex.
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Fig.1 XRD patterns of DM SO—kaolinite intercalation complexes under different conditions

7E PR PR 2RISRt R A N AR AL 525 2.2 BREBR AR SR AREREXRESR

WHEJE L ESE T, BRERESECh: 2 221 BN &SR EREN K 2a R
HRPE 66°C . 12 1A 400min, DMSO 5 H,0 [ifk DK {EEREER:# 200 r-min™ . /S ik BN 7R & 0.1 9.
LA 300 3, MR FHEZ 50N 96.25%. SKENER AN [ EKEE B 8] 26 1 R % 7 5 BIRE SR Dsos
205198 7 DK 1%, RIURBOREE 75°C. B Deo(RE i 19 2 4HKLEE 43 70 171 4 364 ) 50%. 90%IH}
i [A] 36h. DMSO Fl H,O FIMARILE A 10: 1644~ BTXt RLRLAR) .t &l 2a ] WL, il 5 B i) (14 38
1 Z 5 m, 208 95%, JLATHTUETRAE AR ES FE S Dso il Doo #5 2 IS8/ i 38 K a3, 18
SARTAERA B ESPIOLTEHMBE RS BRESIS A8 3h I Dso Al Doo /o 1R S I 1] # 5
MR, EEEAE M THIS DK, SEREFEWRME  3n)E, FHEHIREE KW S, HofmXEd
RIBLZEAE R B TE] 6 hy [ BE 80 °C, Hfif=3e  F T K. e AR BN e Bl A BR S I [a] (1 38 A0
N 79.89%. A LI FIHZ R, HAERMRE . HORHUN, X R HUER B R b S04 R R
AREMAE T, W7 L2ZREMRE. PERTEL .



. 3764 - (RERR Sh2230)

J Chin Ceram Soc, 2024, 52(12): 3761-3771

2024 4

222 BREFEGEXEISAREE RN (EEREERS
(] 3h A SR EN & 0.19 25 14F T 524N R #% ik
X Dsos Do [FI52MA, 255401 2b Fros. fEH#
100 r-min ™t B4 hnE] 300 r-min i, RE SRR E R
/INFLRERE 3 AR X IBZHTE A0, 24854 in £ 300r-min™
PLE, HORLEE I T /MRS IR . X2
SRVER B 1y o Ry R4 FE R B SR B )4 F A e e B
JEHEB AR, FEmRLEEN, (g it
far 2 5| U R AN AR A B BR - [RT U 5 Bl A Bk
LR, AREFFF .

223 HUNASINEXN S A R R fEEK
BEIF (] 3 hy BREERE I 300r-min™ 441, %524k
FZS O R N FH B U A R B s, 25 SR an ] 2¢
s, ANmBERRAE =N 0.29 i Dso /)y, 123
7 0.81um, Doy v 2.41um, Z5REH . EERINY
BIGRI T DA B GE I R sh P, 5 e 04 A R 5 4

PSR 2 18] 78 7 BEHEE . BYT), A9 R BE RN

TE bl DRI ZR S I i b, SR FH ) I [ SI2 56 %
BREE T2 BT, BRIEMERE AN, B
PRI IA] 3.1 . BREE#G5 300r-min™ . /S IfiRéh 0.22 g,
LA R Rl T K P R A% 0.77um. SRR
IS GIox2 AU ey ot o 4 B I =y -, BERS KL
12/ T 2 pm (e 1 B 2 AN 28%82 i1 2 64%(Ji
B340 . Muhd 25158 1 HURRT S T 25814 99K w
W&+, 23 24h WEHEE, B 60%I1IEE kA2 /N T 767 nm.
Bk K AP R LG AR S AT BE R, WA
EIRFRH: Kl AR BC ] B S0%HI 2K, 75 I
TRV B N T IR L= 1 4.0%, 0 HKitiE
N 0.6L-mint, EERERIAR Y 2 um 1 EIE 1SR
N 93.83%. 5 _FIRHURATEEVEAH LG, A TAE R
DM SO #fi JZ—BR BE 3| 57 v il 2 i Al im0 A 4K s
FEI 55T

(a) Effect of time

(b) Effect of rotational speed

8
7.27 L 3% D5
Tr u '8_9 7 5 :H:Dt)z
6 % A 4 3.63
Db S = e
Q o — Q [} <
24|80 034 Co T o243 gy
<58 HERIE Sl
= as H 5500 s 1.3Z
£ 20 <2} £ | o 0.8 EE 094 09
et A T @
0 Xt H 0 *H ¢ S 0 au : ; ;
1 100 200 300 400 500 0.1 3 04
Ratational speeds/(r-min") Dispersant addition/g

(c) Effect of the amount of dispersant added

Note: Dsp and Dy are the corresponding particle sizes when the cumulative particle size distribution percentage of the sample reaches 50% and 90%.
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Extended abstract

Introduction Kaolinite as one of the most widely distributed and commonly utilized minerals has an increasing demand in various
fields, including coatings, adsorption, catalysis, rubber, and biomedicine. The utilization of kaolinite is affected by various factors like
particle size, layer thickness, and specific surface area. Kaolinite nanosheets as a type of two-dimensional (2D) nanomaterial exhibit
novel properties that encompass quantum size effects, surface effects, small size phenomena, as well as macroscopic quantum
tunneling effects. The existing preparation process of kaolinite nanosheets has some notable challenges, including high thickness,
small specific surface area, and severe damage to the crystal structure, all of which constrain their potential applications in industries.
This study introduced a process for the preparation of kaolinite nanosheets, including dimethyl sulfoxideintercalation, ball milling
exfoliation, ultrasonic dispersion, and microwave drying techniques. The structural and morphologica changes of kaolinite during the



o5 52 &4 12 EIHN 55 BRI GRS T RS R . 3771 -

DM SO intercalation and subsequent ball milling exfoliation processes were analyzed.

M ethods Initially, kaolinite of 5g was accurately weighed and thoroughly ground in an agate mortar. Afterwards, the ground powder
was mixed with 30 ml of DM SO and distilled water in a 100 ml beaker. The mixed suspension in the beaker was stirred  magnetically
at 66 'C for 400min. After the suspension was centrifugated, the subsequent precipitate was subjected in an oven at 90 ‘C to yield the
DM SO-kaalinite intercalation complex (DK). Subsequently, the DK of 10 g was mixed with 20ml of distilled water. The mixed
suspension with sodium hexametaphosphate as a dispersant was ground in a planetary ball mill with zirconia balls of 1-3mm at 300
r-min~for 3h. The resulting ground suspension was centrifuged at 4000 r-min for 5 min, and the precipitate was rinsed with ethanol
for three times. Finally, the sample was placed in a microwave dryer at 700 W for 10 min, yielding kaolinite nanosheets (BDK). The
structural and morphological transformations of kaolinite throughout the intercalation and ball milling exfoliation processes were
thoroughly characterized by X-ray diffraction (XRD), Fourier transform infrared spectrometry (FTIR), BET surface area measurement
(BET), scanning electron microscopy (SEM), and atomic force microscopy (AFM).

Results and discussion The XRD patterns of kaolinite nanosheets prepared indicate that DM SO intercalates into the layers of
kaolinite, resulting in an expansion of the interlayer spacing to 1.12nm. The diffraction pesk shape of the BDK sample exhibits no
significant aterations, indicating the preservation of kaolinite crystallinity with a crystallinity index value of 1.06. The FTIR analysis
reveals that DM SO molecules formed bonds with the hydroxyl groups present on the internal surface of kaolinite. The peak intensities
and positions of the BDK sample remain unchanged, compared to the raw kaolinite material, signifying the preservation of kaolinite's
fundamental crysta structure throughout the process. The SEM and AFM images revea that the thickness of the BDK nanosheets is
diminished to approximately 15nm, accompanied by a decrease in particle size. The nanosheets exhibit an average length ranging
from 500 to 900 nm, distributing uniformly. The BET analysis further demonstrates that the specific surface area increases from 9.28
m?g™* to 26.62 m?g™, having a nearly threefold enhancement. Compared to the grinding method, the DMSO intercalation-ball
milling-ultrasonic-microwave drying method achieves a significant exfoliation effect in a shorter time. The kaolinite nanosheets
obtained through this process retain the basic crystal structure of kaolinite with a nanoscale vertical dimension (i.e., 1-100nm). The
kaolinite nanosheets prepared through this process can be used as coating fillers.

Conclusions The kaolinite nanosheets with intact crystal shape, thin layers, and large specific surface area were prepared by DM SO
intercalation-ball milling-flaking-ultrasonic dispersion-microwave drying techniques. The optimized parameters for DMSO
intercalation and ball milling flaking were intercalation temperature of 66 °C, intercalation time of 400 min, volume ratio of DMSO to
H,O of 30 : 3, ball milling time of 3.1h, ball milling rotational speed of 300r-min?, and sodium hexametaphosphate additive of 0.22
0. The average particle size of the kaolinite nanosheets prepared under the optimum condition was 0.77 um. The characterization
analysis showed that DMSO molecules bonded with the hydroxyl groups on the inner surface of kaolinite, and the basic crysta
structure of kaolinite was maintained after ball milling. The thickness of ultrafine kaolinite nanosheets reduced to approximately 15
nm, with a uniform distribution of the layers and a well-maintained crystalline morphology. The specific surface area expanded to
26.62 m>g™. The interlayer force of kaolinite was reduced by DMSO intercalation, while maintaining its basic crystal shape.
Low-speed ball milling separated the kaolinite layer, while maintaining the intact layer structure.

Keywords kaalinite; dimethyl sulfoxide; intercalation; ball milling flaking; nanosheets



