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Preparation and research of Diatomite@PNIPAm-stabilized Pickering emulsion

with temperature responsiveness

WANG Chuanhao , WANG Mingye , LIU Ying , WANG Yongquan , SONG Yutong , ZHOU Chao’
(School of Chemical Engineering, Changchun University of Technology,
Changchun 130012, China)

Abstract: Aiming at the shortcomings of the emulsion stabilized by surfactant due to toxicity and non-environment-
al protection, modified diatomite particles (DE), the temperature-responsive Pickering emulsion was studied. Due
to the advantages of superior biocompatibility, DE have application potential in the field of cosmetics and pharma-
ceuticals. First, the Diatomite@MPS was obtained by silane coupling agent (MPS) hydrophobic modified DE. Then,
modified DE (Diatomite@PNIPAm) with temperature responsiveness was synthesized successfully by grafting the
temperature-responsive polymer poly N-isopropylacrylamide (PNIPAm). According to the characterization results
of FTIR testing and water contact angle testing, the diatomaceous earth was modified successfully. The TGA results
showed that the optimal molar ratio of the Diatomite@PNIPAm prepared from MPS to NIPAm was 1 : 1.
Subsequently, oil-in-water (O/W) Pickering emulsions were prepared with Diatomite@PNIPAm as an emulsifier at
different concentrations, and 3.0wt% was determined as the optimal concentration. In addition, the emulsion was
prepared with different oil-water volume ratios from 1 : 9to 9 : 1 after determining the Diatomite@PNIPAm con-

centration, and the results showed that the oil-water volume ratio was 7 : 3 as the best. The characterization results
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of differential scanning calorimeter (DSC) testing showed that the lower critical solution temperature (LCST) of the

Pickering emulsion was 40°C. The emulsion can undergo at least 6 demulsification-reemulsification cycles, and

possesses excellent demulsification-reemulsification cycle performance.

Keywords: temperature-responsive; Pickering emulsions; diatomaceous earth; lower critical solution tempera-

ture; demulsification-reemulsification cycle performance
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Fig.1 Synthesis route of Diatomite@poly N-isopropylacrylamide (PNIPAm) and demulsification-reemulsification cycle
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Fig.2 FTIR spectra of diatomite and Diatomite@PNIPAm
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Fig.3 Images of water contact angle of different diatomaceous earths
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Fig.4 SEM images of different diatomites
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Ak, i 5 £k (c)~(e) Fras, Xt A W) MPS
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MBI RY, FEIERCEREM. Hit, MPS 5
NIPAm H i fEEE /RN 1 1,
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Table1 Modified diatomite particles prepared with different formulations

Sample Diatomite/g MPS/g NIPAm/g MPS : NIPAm/mol Grafting rate 17/%

Sample 1 40 10 3.19 1:07 10.05
Sample 2 4.0 10 4.56 1:1 15.02
Sample 3 40 10 9.12 1:2 13.46

100 F — % %1 Diatomite@PNIPAm, Jf F JLAF 2 2L 4L 57

(@) il % Pickering ZL#% . ¥ 6 &7 Sample 1. Sample 2,

(b) Sample 3 1 24 FL 4k 57 il % (1) Pickering L& i f8 A

g i X 100% A2 BB . & 6(a)~6(c) i LE Y, AH

5 0 ~(4.43-3.985)/4.43x100% i) Diatomite@PNIPAm ¥ fig il £ 2 € ) L . H
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& | opwomie \\1346% © FLRCB AR IR AR, FLALBCR I o HEsh . Wi
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PGl s © B 5 TR 6T 160 T 08 B K T, R

—— (e),SamE}e 2, O/W Pickering 7| # . % T L & W % 45 R,

0 100 200 300 400 500 600 700 800 900
Temperature/ C

n—The grafting efficiency; m;—The initial mass of the grafted polymer;
my,—The mass of the grafted polymer after thermal loss
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Fig.5 TGA curves of DE and Diatomite@PNIPAm
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Fig. 6 Digital photographs and optical microscope images of Pickering emulsions stabilized by different MPS to NIPAm ratios of Diatomite@PNIPAm
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Optimal oil-to-water volume ratio

(a) Image of Pickering emulsion with different oil-water volume ratios at the same Diatomite@PNIPAm content
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(b) Image of Pickering emulsion at different Diatomite@PNIPAm contents at the same oil-water volume ratio
K7 RIS Tl &1 Pickering FLIK

Fig. 7 Pickering emulsions prepared under different conditions
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Fig.8 Comparison of different Pickering emulsions after 24 h and 2 months of stabilization and optical microscope images

(a) Comparison of Pickering emulsion prepared from different Diatomite@
PNIPAm content after 24 h and 2 months later of stabilization
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Fig.9 DSC plots, diameter plots, and optical microscope plots of Pickering emulsions
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Fig. 10 Demulsification-reemulsification cycle diagram of Pickering emulsion prepared at 3.0wt% and 4.0wt% Diatomite@PNIPAm
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